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Hello all,
 
I wanted to share some updates with you as I will mostly be out of the office until our next meeting. I
attached an updated bison population projection that includes demographic data specific to the
Jackson Bison Herd (thanks again to Doug for that). I also attached an agenda and updated plan for

our meeting April 7th. Originally I thought we’d move into drafting consequences tables after
completing the bison management actions (which we should be able to do at our next meeting), but
realized that we’ll need to incorporate the ‘desired conditions’ objectives before consequences
tables can be finished. That means we’ll start working on which desired conditions we’ll link to elk
population after the bison actions are finished. To help move that along I’ve included some
additional background information in the introduction to the plan and, based on my interpretation
of the BEMP, selected a subset of habitat objectives to start our discussion with (see pg. 2 final full
paragraph through line 5 page 3 and Appendix I figure).
 
I will be travelling next week, so if those of you whom I emailed questions to today can get to those
by mid-week next week I’ll update the plan prior to our meeting.
 
See you in April.
 
Cheers,
 
Jeff Warren
Wildlife Biologist
27650B South Valley Road
Lima, MT 59739
406 276-3536 ext. 304
 
“Without data, all you are is just another person with an opinion” – Unknown
 
“It’s tough to make predictions, especially about the future” – Yogi Berra
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Introduction 1 
 2 
Include a summary of the actions in this plan that tier off of the BEMP vs. those that would 3 
trigger NEPA. This would include defining strategies succinctly and the threshold that would 4 
trigger NEPA. In this way we can move forward with actions that step down from the BEMP 5 
and have a trigger for initiating NEPA if, and only if, necessary.   6 

1) Removed ‘Grand Teton NP harvest’ from the bison alternatives table because it was not 7 
in the BEMP and would therefore trigger NEPA and an act of Congress would be 8 
necessary (for a hunt, not a cull). A bison cull in GTNP would still trigger NEPA. Included 9 
agency cull (see below).  10 

2) Test and slaughter for bison was reviewed and rejected in the BEMP – many reasons to 11 
not do it.  12 

3) An agency bison cull would trigger NEPA 13 
4) Herd-wide fertility control in bison would similarly trigger NEPA 14 

 15 
Uncertainty regarding how to reach objectives for elk and bison populations, desired habitat 16 
conditions, and disease management in Jackson Hole remains after many years of study and 17 
debate. Determining an effective set of management actions to meet multiple and potentially 18 
competing objectives is needed. In an effort to address this, an adaptive management (AM) 19 
approach is being undertaken (Walters 1986). There are four essential elements to an adaptive 20 
management approach: 1) well defined and mutually agreed upon objectives, 2) clearly 21 
articulated management actions and strategies, 3) a model, or competing models, describing 22 
the dynamics of the system being managed, and 4) a monitoring program to quantify system 23 
response to management and allow estimation of the difference between the observed and 24 
predicted (from the model or models) system response. A fifth component, optimal decision 25 
making, is also included in some AM efforts. The AM approach is ‘adaptive’ because learning 26 
through management experiments (management actions implemented to change the state of 27 
the system) occurs. In single-model AM projects the learning results in better estimates of the 28 
effects included in the model, i.e., there is less uncertainty about how the system will respond 29 
to management actions. In multiple-model AM projects learning occurs through the 30 
competition of models in the model set. Each model provides a representation of a competing 31 
idea (hypothesis) about how the system works. The model that best predicts system response 32 
to management provides support that the hypothesis it represents is a better description of the 33 
system than the other hypotheses, reducing uncertainty about the system being managed.    34 
 35 
Uncertainty abounds in wildlife conservation and management.  For example, how abundance 36 
and distribution of bison and elk will respond to different management actions is only modestly 37 
predictable. Similarly, what level of elk and bison the area can support based on desired 38 
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conditions is largely unknown, and likely varies in response to environmental variation (e.g., 1 
weather, habitat heterogeneity). These types of uncertainty are often referred to as process 2 
error, i.e., imperfect knowledge of the biological system being managed. A second type of 3 
uncertainty is related to our inability to conduct a complete census of a population, i.e., partial 4 
observability (Williams 1997). This is sampling variation associated with wildlife monitoring, 5 
also commonly referred to as observation error (Hilborn and Mangel 1997). Process and 6 
observational error create uncertainty that limits a manager’s ability to make informed 7 
management decisions.  8 
 9 
The Bison and Elk AM plan will embrace existing uncertainty regarding drivers of bison and elk 10 
wintering abundance and distribution in the Jackson Hole area and on the National Elk Refuge 11 
(NER), provide further understanding of important limiting factors, and help guide management 12 
actions toward those that will have the most direct benefit to achieving stated goals and 13 
objectives. The Bison and Elk Management Plan (BEMP; USFWS and USNPS 2007a) provides 14 
goals, objectives, and strategies related to bison and elk population in the Jackson Hole area 15 
and within the NER. The AM plan is an extension of the BEMP, providing an adaptive 16 
management framework to achieve the goals and objectives of the BEMP. Therefore, the AM 17 
plan is considered a step-down plan to the BEMP and utilizes the goals and objectives within 18 
the BEMP. Strategies from the BEMP were incorporated into additional strategies considered 19 
during the development of the AM plan. The AM plan and associated efforts is an opportunity 20 
to collectively learn from ongoing work to manage elk and bison in the Jackson Hole area. 21 
 22 
The BEMP contains four goals (Fig. 1) and 20 associated objectives (Appendix I). The AM plan 23 
relates to three of the four goals and 10 of the 20 objectives in the BEMP (Appendix I). Four of 24 
the objectives relevant to the AM plan relate to populations of elk and bison in the Jackson 25 
Hole area. The Sustainable Populations BEMP goal outlines a two-phase approach to reduce 26 
the number of elk on supplementary winter feed while achieving 1) WGFD population 27 
objectives for the Jackson Elk Herd (JEH) and 2) an elk sex ration in GTNP of 35 bulls for every 28 
100 cows. The first phase sets initial population objectives at 5000 elk on winter feed. The 29 
second phase calls for elk populations that are adaptively managed to “achieve desired 30 
conditions, with animals relying predominantly on native habitat and cultivated forage”. The 31 
bison population objective of 500 animals post-hunting season was determined based largely 32 
on maintaining genetic heterozygosity while minimizing other conflicts (USFWS and USNPS 33 
2007a). Unlike the second phase elk objective, the bison objective is independent of desired 34 
habitat conditions.  35 
 36 
Desired habitat conditions on the NER are defined in the BEMP and Comprehensive 37 
Conservation Plan (CCP; USFWS 2014). The former includes criteria based on area and condition 38 
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of aspen, cottonwood, and willow. The CCP includes criteria for sage-brush grasslands and wet 1 
meadow habitat on the NER (Habitat Conservation goal, Habitat Problems objective category; 2 
Appendix I). Need more information on the criteria in the CCP for these habitats, and to 3 
include this information in the Appendix I figure. Do we briefly describe the link between 4 
wintering elk population and desired habitat conditions here?  5 
 6 
The Phase I objective of 5000 elk appears to have originated from Hobbs et al. (2003). This 7 
report, based on three simulation exercises, concluded that “in average SWE winters with 8 
average pre-winter precipitation and 500 bison, roughly 16,000 elk can find forage on the 9 
Greater Teton Ecosystem without incurring forage deficits and roughly 5,000 elk can find forage 10 
on the NER without incurring deficits.” Hobbs et al. (2003) do not explicitly define winter in the 11 
report, but appendix B of the report describes the ‘entire winter’ as ‘roughly November 1st to 12 
July 1st’. Presumably the numbers given in the report represent the number present throughout 13 
the winter period, although this is not explicitly stated. It is important to note that elk use 14 
stored energy reserves during winter, so incurring a forage deficit does not imply an immediate 15 
threat.  16 
 17 
The number of elk on winter feed on the NER and bison in the JBH currently exceeds the Phase 18 
1 objective from the existing BEMP (Fig. 1) (USFWS and NPS 2007). The JEH, which includes elk 19 
wintering on the NER, is within WGFD objective, while the JBH population is above objective. 20 
Therefore the primary issues for reaching Phase 1 population objectives are related to 1) 21 
distribution of elk during winter, and 2) abundance of bison.   22 
 23 
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 1 
Figure 1. Hierarchical relationship among the vision, fundamental objectives and Phase 1 2 
objective for elk and bison in the Bison and Elk Management Plan (USFWS and NPS 2007). The 3 
National Elk Refuge (NER) winter elk population objective is a sub-objective of the Jackson elk 4 
herd (JEH). 5 
 6 
Population of Interest 7 
A succinct and precise definition of the populations of interest is essential for developing 8 
models of system dynamics and appropriate monitoring, and determining if objectives are 9 
being met. Bison and elk populations of interest differ slightly in definition as stated in the 10 
BEMP objectives. The bison objective is for the post-hunt population within the Jackson Hole 11 
area (the Jackson Bison Herd [JBH]), inclusive of the NER. Conversely, the elk population 12 
objective for the NER is specific to the number of animals on feed at the refuge, and is a sub-13 
objective within the broader Jackson Elk Herd (JEH) (Fig. 2) post-hunt objective set by the 14 
Wyoming Game and Fish Commission. Elk herd unit boundaries are determined by the 15 
Wyoming Game and Fish Department (WGFD) and represent population boundaries where 16 
there is an estimated annual interchange with surrounding herds of <10% (Emmerich et al. 17 
2007).  Approximately 65% of the JEH winters on the NER based on February classification 18 
counts (see below for definition of classification counts; USFWS & WGFD unpubl. data). The 19 
Jackson bison herd primarily winters on the NER (~90%), but range much further during the rest 20 
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of the year (USFWS & WGFD unpubl. data). Geographic range of bison, figure, etc. It would be 1 
best to include a single figure that delineates the JEH and bison population; I emailed Kathryn 2 
Mellander (GTNP GIS manager) on 10/25 to see if she had a figure or shapefile of the Jackson 3 
bison herd’s range. Haven’t heard back from her as of 11/13 – could Sarah or Steve follow-4 
up? I sent Kathryn another email 2/26/2014. 5 
 6 
Determining if the BEMP population objectives are being met requires periodic estimates of the 7 
populations of interest. There are two components to the population objectives that need to be 8 
considered — where animals are and when they are there.  The BEMP bison population 9 
objective is the same for the JBH as it is for the NER, i.e., there is not a sub-objective specific to 10 
the refuge as there is for elk. Moreover, the bison population objective is less temporally 11 
specific than that for elk, the former being an annual post-hunt population objective and the 12 
latter being defined based on the number of animals on feed. This aspect of the elk objective 13 
increases the difficulty in estimating the population of interest due to movements of animals 14 
into and out of feedgrounds during winter feeding. More importantly, the amount of time elk 15 
are on feed varies among years.   16 
 17 
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 1 
Figure 2. Jackson Elk Herd unit boundary, including the National Elk Refuge and Grand Teton 2 
and Yellowstone National Parks. INCLUDE BISON RANGE IN THIS FIGURE. 3 
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While not explicitly stated, the BEMP was written with an assumption that annual classification 1 
counts were to be used as the metric to determine if population objectives were being met, i.e., 2 
as a proxy for the number of elk on feed at the NER. Classification counts are a coordinated 3 
census of the JBH and JEH, collaboratively undertaken during early February by WGFD and the 4 
NER. These counts are undertaken during a single survey period and do not necessarily 5 
represent either peak or cumulative abundance (i.e., the greatest number counted on a single 6 
day during a winter, or the sum total of animals counted throughout a winter, respectively) of 7 
bison or elk on feed. Elk and bison are enumerated by age and sex classes, providing population 8 
class structure information as well as overall abundance. Elk classes recorded during the 9 
classification count are calf, cow (includes yearlings), spike bull, and mature bull; bison classes 10 
are calf, yearling cow, yearling bull, adult cow, adult bull. A 5-10% difference typically exists 11 
between the classification count estimate and the daily number of elk on feed during peak 12 
abundance. Peak elk abundance on the NER during 2007–2013 occurred late February through 13 
the first week of March (USFWS unpublish. feedline data) (Fig. 3). Proposed changes to a less 14 
conservative feeding program that would result in a later initiation of winter feeding (see 15 
Development of Alternative Management Actions and Strategies below) could increase the 16 
difference between when the classification count is conducted and peak numbers of elk on 17 
feed. A less conservative feeding program could also result in initiation of feeding on the NER 18 
after the classification count has been completed in some years. Lastly, the classification count 19 
may be replaced in the near future by survey (i.e., not a census) methodology used elsewhere 20 
in the state by WGFD for estimating elk abundance. The new survey methodology may not 21 
provide suitable NER-specific estimates of elk abundance for determining if refuge population 22 
objectives are being met.  23 
 24 
Beyond logistical or methodological considerations, a single elk population estimate in time 25 
would not adequately capture the dynamic nature of elk abundance in relation to winter 26 
feeding on the NER. For example, 5000 elk on winter feed (the current BEMP Phase 1 objective) 27 
for three months would likely have a greater impact on NER habitats than 5000 elk on feed for 28 
a single month. The BEMP Phase 1 elk population objective is not defined by time, leaving it 29 
open for interpretation whether the objective was intended as a mean number of animals fed 30 
during a winter, a maximum number fed, or a cumulative number fed. To address this issue 31 
while staying within the implied intent of the BEMP, we chose elk-fed days (EFD; the cumulative 32 
number of elk fed during a feeding season) as the metric for determining if the elk population 33 
objective is being met. This number combines both the spatial and temporal aspect of animals 34 
on the NER, providing better accounting of potential effects than a single classification count. It 35 
is also believed that this is more consistent with winter carrying-capacity projections estimated 36 
in Hobbs et al. (2003). The Phase I objective of 5000 elk on feed is defined relative to elk-fed 37 
days as  38 
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 1 
𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑑𝑑 ∗ 5000 elk, 2 

 3 
where d is the mean number of days of feeding from 1995–2007 (64 days [SD = 22]). This time 4 
span was selected to maintain consistency with the data used in developing the BEMP. The 5 
benchmark historical EFD value is then 320,000. Bison-fed days (BFD) can similarly be calculated 6 
as 31,500 BFD for bison using d = 63 days (SD = 22) and substituting the population objective 7 
(500 bison). This latter value provides an important historical perspective on winter feeding of 8 
bison and can assist in determining efficacy of management actions toward accomplishing the 9 
bison objective; the population objective (500 bison) will be the definitive number used for 10 
determining if Phase 1 objective is being met.   11 

 12 
Figure 3. Mean daily elk abundance on the National Elk Refuge during winter feeding, 2007–13 
2013. Data are from feedline counts for calendar dates where feeding occurred during all 14 
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years, i.e., February 12th (calendar date 43) through March 21st (calendar date 80). Counts 1 
were conducted from feeding equipment.   2 
 3 
Limiting Factors 4 
Limiting factors are demographic components that limit population growth of a species. 5 
Identifying limiting factors, perceived and documented, help us better define existing 6 
uncertainty regarding drivers of elk and bison population and potential management actions, 7 
and monitoring to link the two together. In the current situation where management aims to 8 
reduce or limit a population to a specified objective, our understanding of limiting factors can 9 
be capitalized on to regulate population. For example, elk population growth is highly sensitive 10 
to adult female survival (Nelson and Peek 1982, Raithel et al. 2007), and therefore increased 11 
hunter harvest on adult females is a common approach to reduce elk populations. In this 12 
scenario, increased hunter harvest of adult females is the management action that could be 13 
employed to reduce a population to objective. This assumes population abundance is the issue 14 
to be addressed. Conversely, if population distribution is the primary issue to be addressed 15 
management actions to alter animal distribution would be employed.  16 
 17 
Winter distribution of elk and bison on and near the NER is influenced by winter feeding. The 18 
present feeding program is conservative in implementation of feeding to minimize elk 1) winter 19 
mortality of the most susceptible group, calves, and 2) comingling issues with cattle on adjacent 20 
private lands. Therefore, current feeding programs are minimizing a potential limiting factor – 21 
winter mortality. Moreover, winter feeding alters the distribution of elk and bison, which can 22 
result in localized concentrations of animals above stated objectives.   23 
 24 
Development of Alternative Management Actions and Strategies 25 
Alternative management actions were identified during a meeting of stakeholders at the NER 26 
22 May 2013. Three lists of alternative actions, and constraints, were developed; one each for 27 
the JEH, NER winter elk population, and the JBH. Alternative actions for JEH and NER winter elk 28 
population were separated due to potential conflicts. A series of further meetings (25 July, 20 29 
August, 12 September, 23 October 2013) were held to create management strategies, i.e., 30 
collections of actions that form complete and comparable alternatives (Gregory et al. 2012).  31 
 32 
Reference case—It is often helpful to identify a reference alternative that captures the recent 33 
and ongoing management actions that have led to the current state of the system for 34 
comparing with new alternatives that are developed. Ongoing management actions include 35 
winter feeding, irrigation, harvest, and hazing.  36 
 37 
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Big game population objectives in Wyoming are evaluated and updated at least every five 1 
years. Objectives represent the preferred number of animals during winter within a herd unit 2 
(e.g., the Jackson Elk Herd) and are determined based upon multiple factors, including 1) 3 
available habitat to support the defined population, 2) hunting access, and 3) tolerance for 4 
wildlife on private lands by landowners (Tassell et al. 1995). Public input on proposed 5 
population objectives is obtained during public hearings. After the hearings the proposed 6 
population objectives are sent to the Wyoming Game and Fish Commission (a governor-7 
appointed policy-making board) for review and approval. The NER, GTNP, and BTNF have 8 
actively participated in WGFD big game population objective review and revision processes in 9 
the past for both the JEH and JBH. These federal agencies will continue to participate in 10 
objective setting for the JEH and JBH populations. 11 
 12 
The current JEH winter feeding program includes two groups of feedgrounds – one on, and 13 
managed by, the NER, and the second managed by WGFD. The latter are the Alkali, Fish Creek, 14 
and Patrol Cabin feedgrounds, collectively known as the Gros Ventre feedgrounds, located on 15 
US Forest Service land. Initiation of feeding is currently conservative, i.e., has the primary 16 
objectives of minimizing elk 1) winter mortality of the most susceptible group, calves, and 2) 17 
comingling issues with cattle on adjacent private lands. Winter feeding begins when available 18 
forage reaches approximately 300 lbs acre-1 at key index sites. Available winter forage for elk 19 
and bison on the NER is largely determined by snow conditions, rate of forage consumption 20 
during fall and winter, and biomass of forage produced during the previous growing season.  21 
 22 
Forage biomass (metric tons) is correlated with the amount of precipitation (mm) during May–23 
August (𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 50.31, R2 = 0.91; 1995 and 1998–2006 data), and secondarily affected by the 24 

number of irrigated acres.  Refuge-wide herbaceous forage production averaged 14,387 (SD = 25 
4125) tons during 1998–2013, and in recent years irrigation of approximately 3,600 acres has 26 
increased forage production by approximately 10% compared to what would have been 27 
produced with precipitation alone. Estimation of forage biomass is done annually based on 28 
sampling at index sites. Index sites are selected subjectively each by year based on presence of 29 
vegetation highly palatable to elk such as naturally sub-irrigated wet meadows, irrigated areas 30 
with significant green vegetation, and in years with adequate late summer/early fall 31 
precipitation, native dry grassland plant communities with basal green up.  32 
 33 
During 1995–2013, mean initiation of winter feeding on the NER was 28 January, ranging from 34 
30 December to 28 February. Mean termination of winter feeding during this same period was 35 
3 April, ranging from 20 March to 20 April. Initiation and termination dates vary widely based 36 
on winter conditions. Excluding years in which feeding did not occur, mean initiation and 37 
termination dates for winter feeding during 1976–2013 at the Gros Ventre feedgrounds 38 
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occurred during the second week of January and first week of April, respectively (Table 1). This 1 
resulted in approximately 3 months of feeding each year.  2 
 3 
Table 1. Winter feeding mean initiation and termination dates and total days for the Gros 4 
Ventre feedgrounds managed by Wyoming Game and Fish Department. Standard deviations 5 
are provided parenthetically. 6 

Feedground Initiation Date Termination Date Total Days 
Alkali 10 January (18.8) 7 April (13.5) 89 (23.5) 
Fish Creek 9 January (12.3) 4 April (17.1) 85 (21.0) 
Patrol Cabin 11 January (13.5) 4 April (11.6) 84 (19.0) 

 7 
Winter feeding coordination between the NER and WGFD occurs annually. Feeding in the Gros 8 
Ventre feedgrounds is targeted specifically to assist in keeping animals from moving to the NER; 9 
for example, animals are more likely to move to the NER if feeding is occurring there and not at 10 
the Gros Ventre feedgrounds, where the opposite up-slope migration is less likely. Termination 11 
of feeding at feedgrounds needs to be coordinated so animals moving to the NER after feeding 12 
ends on the Gros Ventre feedgrounds do not remain at the refuge. This coordination will 13 
continue regardless of the management strategy employed.  14 
 15 
Bison are fed as necessary to ensure elk are adequately fed. Bison out-compete elk for forage 16 
resources, so the typical strategy is to keep bison at the northernmost NER feedground 17 
(McBride) by feeding them prior to feeding elk. Bison are fed separately from elk and are given 18 
a ration adequate to ensure they do not move to elk feeding areas. This also influences 19 
distribution of bison in the winter, reducing conflict associated with bison moving into 1) 20 
Jackson, and 2) the Nowlin unit of the NER where commercial sleigh rides occur.  21 
 22 
Total harvest of the JEH was reduced over the last decade as the population objective was 23 
reached (Fig. 4). Elk hunting on NER (Hunt Area 77) typically begins in mid-October and ends in 24 
mid-December, with peak harvest in recent years occurring in late November to early 25 
December.  From 2005 to 2011 an average of 393 (SD = 56) hunters harvested 161 (SD = 38) elk 26 
per year during the NER hunt.  27 
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 1 
Figure 4. Jackson elk herd estimated harvest, 2002–2011. 2 
Associated with harvest on the NER, “tag and drag” is a retrieval service currently provided by 3 
two licensed outfitters. They are also licensed to guide on the NER. This program will continue 4 
regardless of the management strategy employed.   5 
 6 
Hazing of elk is currently only undertaken in spring to encourage elk (and bison) to move off of 7 
the NER. Attempts at post-hunting/pre-feeding hazing of elk to the north part of the refuge 8 
occurred (e.g., 2005–2006), but were largely ineffective with elk generally returning the 9 
following day to the south end of the NER. These efforts included hazing using ATVs, on foot, 10 
and on horseback. Reducing spring hazing to increase early-season harvest was considered as a 11 
potential action but not included due to 1) the perception that the loss of forage on the Refuge 12 
by resident elk during summer would offset gains due to increased harvest, 2) presence of 13 
wolves on the northern end of the Refuge may preclude the desired response of reduced 14 
hazing to keep elk on the north end of the Refuge, and 3) recently observed aspen recovery 15 
could be reduced if elk use increased on the north end of the Refuge.  16 
 17 
Fencing of hay stacks and livestock feedline areas has historically been used to mitigate conflict 18 
on private lands. Fencing as mitigation on private land will continue in a targeted fashion. For 19 
example, a proposed mitigation in the Horse Creek area would involve a land trade with a 20 
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private landowner to move livestock winter feeding operations off of a south facing slope that 1 
is a movement corridor for elk. Fencing three sides of the private land would separate the 2 
corridor from the livestock feedline. Targeted fencing of golf course greens and sand traps fall 3 
through spring has been successful in some situations for mitigating elk and bison presence in 4 
these areas. It is important to note that the county has a ‘wildlife-friendly’ fence policy and 5 
does not support fencing impermeable to wildlife. 6 
 7 
The outcome of the reference case described above for elk abundance and distribution during 8 
winter in the JEH is shown in table 2. Population objectives for the two feedground complexes 9 
are provided, as are annual elk abundances as measured during the classification count. The 10 
data presented in table 2 demonstrate the potential for reaching the Phase 1 NER winter elk 11 
population objective of 5,000 while remaining within the JEH objective of 11,000 (±10%). 12 
 13 
Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 14 
classification counts, 2011–2013, relative to the current objective. 15 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range* 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 

*Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 16 
  17 
Bison numbers grew exponentially from the 1970s until recently, peaking at 1059 animals in 18 
2007 (Fig. 5). Recent declines in the number of bison are largely attributable to increased 19 
hunter harvest on the NER. Bison hunting begins on August 15 and ends in early to mid-January; 20 
no bison hunting is allowed in GTNP, resulting in bison often staying in the park during the 21 
hunting season with only occasional movements onto the NER until severe winter conditions 22 
occur. Most bison harvest occurs on the NER, with some additional harvest on private and 23 
Bridger-Teton National Forest (BTNF) lands.  Since the initiation of the bison hunt in 2007, 24 
typical harvest has been 220 bison per year.  This level of harvest has been sufficient to arrest 25 
the exponential growth of the population, reducing bison numbers from the peak in 2007 to 26 
855 animals in 2013 (Fig 5). Licensing changes for hunting Jackson Hole bison were enacted in 27 
2014 to increase harvest, especially of bison females.  These included a reduction in the bison 28 
female/calf license fee (from $416 to $263 for residents and from $2522 to $1022 for non-29 
residents) and eliminating the once-in-a-lifetime restriction to a successful bison hunter to only 30 
those that successfully harvested a bull. Tribal bison harvest is currently defined in the BEMP to 31 
permit up to five animals for ceremonial purposes; tribal harvest generally occurs outside of the 32 
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state bison season. Translocation of bison to tribal lands outside of Teton County is not 1 
currently permitted due to disease (brucellosis) concerns.  2 

 3 
 4 
Figure 5. Bison winter population in the Jackson Hole area, 1970–2013.  5 
 6 
Bison would likely occupy the refuge year-round without management intervention, but as a 7 
result of hazing by refuge staff and disturbance by hunters, peak bison activity on the NER 8 
occurs January–April each year.  If bison fail to leave the NER following the cessation of 9 
supplemental feeding, they are typically hazed off the refuge using all-terrain vehicles (ATVs) in 10 
late April to early May.  Hazing moves bison to Grand Teton National Park (GTNP), where they 11 
generally remain until mid-July. From July to early August bison that return to the refuge are 12 
hazed back to GTNP to protect forage for elk during the winter months. Hazing efforts in August 13 
cease within several days to weeks of the bison season in an effort to increase hunter harvest.  14 
 15 
National Elk Refuge 16 
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Alternative management actions identified for meeting the NER winter elk population objective 1 
can be grouped into four categories, including 1) winter feeding management (both on and off 2 
the NER), 2) population management (harvest, culling, and fertility control), 3) habitat 3 
improvements (on and adjacent to the NER), and 4) mitigating private lands conflicts 4 
(leases/easements, incentives, fencing) (Table 3). The latter represent sequenced alternatives 5 
that would be necessary to implement due to wintering elk dispersing onto private lands 6 
adjacent to the NER in response to other management actions taken. A fifth group of 7 
alternatives associated with increasing public awareness (including local elected officials, e.g., 8 
county commissioners) of ‘natural’ levels of elk winter mortality were included after the 9 
meeting. These actions represent acknowledgement that the current feeding program results in 10 
reduced winter mortality, perhaps exacerbating already low public tolerance to increased 11 
winter mortality, whether episodic or perennial in nature. This group was expanded to include 12 
more targeted education and outreach efforts for landowners, sportsmen and agencies, and 13 
the WGFD Commission, depending on the strategy.  Lastly, a group for each of monitoring and 14 
enforcement were included to allow proper accounting of projected costs associated with each 15 
management action strategy.   16 
 17 
Table 3. National Elk Refuge winter elk population strategy table for identifying alternative 18 
management action strategies. Ongoing management actions that will be continued 19 
regardless of strategy selected are not included in the table; descriptions can be found in the 20 
‘Reference case’ description within the text. 21 

  

Reference 
Case 

NER-
focused 

Southern herd 
segment 
mngmnt 

Late 
Season 
Harvest 

Winter feeding management  
   No change X 
 

X X 
Less conservative (NER)  X 

  Population management  
   No change X 
   Increase harvest objectives in Hunt 

Areas 77 & 78  
 

X 
 Late-season refuge hunt (Hunt Area 

77)  X X X 
Coordinated late-season hunt (Hunt 
Areas 75, 77, 78, 80)    X 
Extend open period on Forest 
Service  

  
X 

Fertility control (Hunt Area 78 &  
 

X 
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GTNP South) 
Hunt Area 78 Hunter management 
program   X  

Habitat improvements  
   No change X 
   Fire management on NER and 

adjacent public land  X X X 
Private lands mitigation  

   No change X 
   Incentivize steer operations  X 

  Non-traditional landuse mitigation   X  
Public education/outreach (EO)  

   No change X 
   Increase public EO (including local 

elected officials)  X X X 
Increase landowner EO  X X 

 Increase sportsmen & agency EO   X  
Increase WGFD Commission EO  X X X 

Monitoring X 
   No change  X X 

 Increase  
   Enforcement  
   No change X 
   Minor increase  X X  

Major Increase  
  

X 
 1 
Winter feeding management—Management of winter feeding is a primary driver of elk 2 
distribution, and to a lesser extent abundance, in the Jackson Hole area. Feeding on the NER is 3 
initiated each year based on a series of factors, including the amount of forage on the NER, 4 
number of elk present, and snow conditions. Initiation of feeding is currently conservative (see 5 
Reference case, pg 5). A less conservative approach would result in later initiation of feeding, 6 
therefore potentially increasing winter calf mortality and comingling. Including agronomic 7 
grassland plant communities without significant green vegetation and/or reducing the available 8 
forage threshold would result in a less conservative winter feeding program. Per capita ration 9 
levels would not change from the current level.   10 
 11 
Implementing a less conservative feeding program could result in very limited, or no, feeding 12 
given certain winter conditions. However, the criteria for a less conservative feeding program 13 
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would not be such that it could be construed as ‘emergency feeding’, i.e., feeding only to 1 
preclude a catastrophic mortality event. Colorado, Idaho, and Utah provide examples of states 2 
that have emergency feeding policies. Existing evidence suggests that emergency feeding is not 3 
very effective (see review in Putman and Staines 2004). Moreover, the current feeding regime 4 
has been developed for non-emergency situations; a review of current rations and pellet 5 
composition would be necessary to adjust the program for emergency feeding.  6 
 7 
Population management—Hunter harvest is the primary tool employed for population 8 
management of elk and bison in Wyoming. Increased harvest objectives on/near the NER would 9 
target the southern segment (Hunt Areas 77 & 78), which is currently more productive (i.e., 10 
higher cow-calf ratios) than other JEH segments. Doing this would help achieve JEH objective 11 
while minimizing harvest on migratory segments. In order to track hunter harvest there would 12 
need to be an increase in monitoring, e.g., hunter self-registration.         13 
 14 
Elk hunting on the NER currently ends mid-December. Offering a late-season hunt (after 15 15 
December) would assist in deterring elk from moving onto the refuge. Without coordinated 16 
hunts in adjacent units (Hunt Areas 75 [GTNP], 78 and 80), and extended open access on BTNF 17 
lands in Hunt Area 80, the NER hunt would likely be ineffective in also significantly increasing 18 
harvest. Late-season harvest in Hunt Area 80 would include migratory Yellowstone elk, a 19 
declining herd segment of conservation concern. These proposed coordinated efforts would 20 
need to be approved by the Commission, BTNF, and GTNP.  21 
 22 
Fertility control in Hunt Area 78 and Grand Teton NP South would occur during summer. This 23 
action was considered and rejected in the 2007 BEMP, so therefore could not be undertaken on 24 
federal lands without vetting in the NEPA process. Moreover, this action would need approval 25 
by the WGFD Commission prior to the state undertaking fertility control. Research completed 26 
since signing of the BEMP indicates fertility control may be more tractable now than when it 27 
was considered during preparation of the BEMP. Killian et al. (2009) demonstrated 28 
effectiveness of GonaCon™, a gonadotropin-releasing hormone vaccine, in female elk. Dart-29 
delivered 2 ml doses of 1000 μg GonaCon™ resulted in nearly complete infertility of females 30 
treated in September. Much of the early research on this immunocontraceptive vaccine was for 31 
use in white-tailed deer, with regulatory approval of GonaCon™ for use in female white-tailed 32 
deer by the U.S. Environmental Protection Agency granted in 2010. There are no known 33 
dangers to humans or wildlife from eating animals that have been treated with GonaCon™. 34 
 35 
Most of the observed increase in segment population has occurred in the largely non-migratory 36 
Hunt Area 78 / Grand Teton NP south segment. Increased harvest in this segment would help 37 
address a number of issues, in addition to assisting in reaching Phase I objective. Harvest is 38 
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nearly as liberal as possible at this time; the greatest limitation is hunter opportunity in 1 
residentially-developed areas. Elk use in those areas is increasing, necessitating continued 2 
collaboration with homeowner associations to improve hunter access within residential 3 
developments. Many associations have covenants that exclude firearms, but archery may be an 4 
option where firearms are excluded. There is also a growing constituency for trophy bulls in 5 
these areas.  6 
 7 
A hunter management program for Hunt Area 78 would coordinate private land access through 8 
a hunt manager as liaison to private landowners. This program would be modeled after similar 9 
programs in Montana, as well as several in Wyoming (Meteetse, Laramie Peaks, etc.).    10 
 11 
Habitat improvements—Habitat improvements discussed so far have focused on fire 12 
treatments on range adjacent to the NER to increase attractiveness of these areas to wintering 13 
elk. Opportunities exist for managed fire in certain areas, but opportunities for prescribed fire 14 
are limited. Fire treatments in lynx habitat would not be possible, therefore it would be 15 
necessary to determine if a conifer stand was suitable lynx habitat as based on tree cover. 16 
Conversely, areas within sage grouse core habitat (i.e., within a 4 mile radius of a lek) have a 5% 17 
disturbance cap that would similarly preclude fire treatment. Areas mapped as wildland urban 18 
interface (WUI) are available for treatment, but treatments need to be defined as a fuels 19 
reduction.  20 
 21 
There is potential to have fire management areas on the refuge, but the conflict with sage 22 
grouse on the northern portion of the NER, which is identified as sage grouse core habitat, 23 
would need to be addressed. The plan will therefore include prescribed fire even if it isn’t a 24 
primary tool. These changes would represent a small, ephemeral gain at best in changes to 25 
habitat that may result in more elk wintering outside of the NER. Wildland fire use (i.e., wildfire 26 
to meet resource objectives) is authorized forest-wide in the BTNF. Much of the BTNF adjacent 27 
to the NER is within the Gros Ventre Wilderness, which is managed to allow “natural processes 28 
of ecological change to operate freely. The number, size and intensity of fires [are managed to] 29 
approximate the natural fire regime” (USFS 2013). Benefits from wildland fire use on adjacent 30 
national forest lands are therefore opportunistic in nature. 31 
 32 
Private lands mitigation—Easements and leases have been proposed as a means to minimize 33 
livestock and elk conflict related to brucellosis. Easements would incentivize steer operations 34 
by purchasing from willing sellers the right to have cow/calf pairs. Easements should also 35 
consider all winter feeding of livestock (e.g., horses), certain agricultural crops that are 36 
attractants to elk (e.g., irrigated hay), as well as hunting access. These easements would be 37 
purchased and enforced through agencies and local land trusts. Leases in the Spring Gulch area 38 
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are not a suitable solution due to the current level of development; may be an option in Buffalo 1 
Valley assuming the weather allows animals to winter there. Leases/easements would need to 2 
include a statement that the individual would forfeit their right to make a depredation claim to 3 
WGFD.  4 
 5 
Non-traditional landuse mitigation would differ from that described above for traditional 6 
landuses. For example, the Jackson Hole Conservation Alliance is working with subdivision 7 
landowners to install landscaping that is less attractive, and more resistant, to elk and deer. 8 
Similarly, WGFD assesses subdivisions to identify issues for mitigation, and provides input to 9 
real estate developers and in county planning documents. Also, targeted hazing in subdivisions 10 
and golf courses is ongoing and will continue on an as-needed basis. 11 
 12 
Public education/outreach—Each partner agency will have the opportunity to become involved 13 
in the planning and execution of education and outreach (EO) efforts. Increased public EO 14 
efforts will be undertaken regardless of the strategy selected. These efforts will include 15 
increasing public awareness of, and tolerance for, natural levels of winter mortality in elk. This 16 
would be accomplished through local news releases and radio announcements, training for 17 
sleigh-ride contractors that includes information on winter mortality in unfed populations of 18 
elk, etc. Regular updates on the planning process and progress towards meeting objectives set 19 
out in the BEMP will also be provided to the public through NER media outlets. County 20 
Commissions will be included in public EO efforts to make sure they are aware, and supportive, 21 
of the agencies’ efforts.  22 
 23 
Landowner EO would differ between those engaged in more traditional agricultural landuse 24 
(i.e., ranching) and non-traditional landusers (i.e., residential developments, golf courses). The 25 
decision to change a livestock operation from cow/calf to steers (non-breeding) is a major 26 
decision.  It is not expected that ranchers would respond to an article in the paper, news story 27 
on the radio or even a letter.  This kind of effort will require primarily one-on-one interactions 28 
with an individual that has built relationships and trust within the community. This would 29 
require a private lands biologist to work with private landowners in the area. The position could 30 
be a shared position among agencies. Conversely, EO focused on homeowners in exurban 31 
developments will focus more on meetings with homeowners’ associations, residential 32 
developers, etc., to provide information regarding living with wildlife, wildlife management and 33 
conservation, etc. All agencies will need to collaborate in initial efforts to reach key landowners 34 
and homeowner associations to convey the objectives and primary issues involved in managing 35 
elk and bison in Jackson Hole, as well as to express the importance of their involvement in the 36 
process. WFGD is currently doing this in some areas, e.g., Hunt Area 78.  37 
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Sportsmen EO would include meetings with local and regional sportsmen’s clubs and ideally 1 
articles in club magazines, Wyoming Outdoors, etc.  General newspaper articles could also help 2 
disseminate information. This could be largely accomplished with existing staff.  3 
 4 
Agency EO is happening to some degree through AMP meetings.  It would be helpful to focus 5 
on two different groups; field staff and Regional Office managers.  Field staff are instrumental 6 
in achieving management actions on the ground, but also support changing public opinion in 7 
the local area through their personal interactions outside of work.  Regional office EO is 8 
essential in building the necessary support to obtain project resources and have support when 9 
controversies are elevated to their level.    10 
 11 
WGFD Commissioner EO will require personal contacts coordinated with WGFD.  Top priority 12 
will be the commissioner for this area and perhaps others.  This will include 1) tours of the NER 13 
and GTNP and 2) a briefing on alternative strategies resulting from the AMP. 14 
 15 
Monitoring—Draft once strategies are finalized. 16 
 17 
Enforcement—Draft once strategies are finalized. 18 
 19 
Contstraints 20 
Constraints that were identified for managing wintering elk population on the NER were diverse 21 
and included policy/regulatory, biological, social, and funding constraints, and combinations 22 
thereof (Table 4). The most common constraints were policy related (33%), followed by social 23 
(28%), biological (22%), and funding (17%) constraints. Many of the identified constraints could 24 
be identified in multiple groups; we largely identified constraints as belonging to a single group 25 
to simplify classification.  26 
 27 
Table 4. Management constraints identified for the National Elk Refuge wintering elk 28 
population objective. 29 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Easement limitation (NER boundary) 
2007 EIS (rejected fertility control and test and slaughter; limits tribal 

harvest) 
Social constraints 
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Hunter numbers 
Winter mortality (social acceptance) 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts 
Fencing/wildlife conflicts 
Migratory segment (maintain summer distribution goals) 

Funding constraints 
Easements 
Fencing 
Fertility control 

 1 
National Elk Refuge Strategy Narratives 2 
Management action strategies were divided into themes based on the focus of the grouped 3 
actions within a strategy. For example, the National Elk Refuge-Focused strategy targets winter 4 
elk distribution through management actions primarily taken on the refuge. The Southern Herd 5 
Segment Management strategy is a set of actions intended to reduce the number, and 6 
productivity, of the largely non-migratory elk in Hunt Areas 75 and 78 while minimizing the risk 7 
of harvest to migratory segments of the JEH. The Late Season Harvest strategy would increase 8 
harvest more generally in the JEH through coordinated late season hunts, with key caveats 9 
outlined below. Several actions were identified as necessary to continue, or implement, 10 
regardless of the strategy selected. Those to be continued are the 1) intra-seasonal 11 
management and coordination between the NER and WGFD Gros Ventre feedgrounds, 2) 12 
fencing for private lands mitigation, and 3) “tag and drag” and guided hunts on the NER and 13 
GTNP. New actions to be implemented across all strategies include 1) a late-season refuge hunt, 14 
2) Fire management on NER and adjacent public land, 3) increased public education and 15 
outreach, and 4) increased WGFD Commission education and outreach. 16 
   17 
National Elk Refuge-Focused Strategy 18 
The NER-focused strategy is based on altering distribution of elk using management actions 19 
centered primarily on the refuge. This strategy implements actions to make the refuge less 20 
attractive to wintering elk primarily through a less conservative winter feeding program and 21 
initiation of a late-season hunt. This assumes that a proportion of elk that winter on the refuge 22 
can be conditioned to stay on adjacent winter range based on decreasing the incentive (later 23 
initiation of feeding) and increasing the disincentive (late season hunt) to moving onto the 24 
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refuge. Incentivizing steer operations on private lands would be undertaken to address the 1 
increased proportion of elk that may winter on adjacent private lands. Similarly, education and 2 
outreach to private landowners is included in this effort to increase acceptance of elk wintering 3 
on private lands adjacent to the NER. Increased enforcement on the NER would also be 4 
necessary due to the addition of the late-season hunt.  5 
 6 
Southern Herd Segment Management Strategy 7 
The southern herd segments (Hunt Area 78 and GTNP South) are increasing absolutely and 8 
proportionally within the JEH. Conversely, migratory segments (i.e., elk that summer in 9 
Yellowstone NP and Gros Ventre Wilderness) of the JEH are stable to declining. The Southern 10 
Herd Segment Management Strategy focuses management actions at slowing, or reversing, the 11 
growth of the southern herd segments. Proposed actions include increasing harvest through 12 
the development of a hunter management program, a program that also helps address private 13 
lands mitigation. Targeted fertility control on summer range would also be considered, but 14 
would need to go through the proper approval process (i.e., WGFD Commission). This action 15 
was considered and rejected in the BEMP. Increased outreach to sportsmen and agencies, and 16 
landowners, would be undertaken; the former is due to the potential for fertility control and 17 
the latter is for increasing awareness of landowners of the efforts to reduce the southern herd-18 
segment. Increased harvest is localized by this strategy, minimizing the potential impact of 19 
increased harvest on the migratory segments. Increased enforcement on the NER would also be 20 
necessary due to the addition of the late-season hunt. 21 
 22 
Late Season Harvest Strategy 23 
The Late Season Harvest Strategy represents a broader, landscape scale approach to achieving 24 
the Phase I elk objective. A coordinated (i.e., NER, WGFD, GTNP, BTNF) late season hunt in Hunt 25 
Areas 75, 77–78, and 80 would occur. Approval would need to be obtained for extending, or 26 
moving, the current season in GTNP to allow later harvest. Lastly, the current December 1st 27 
closure to protect wintering ungulates in Hunt Area 80 on BTNF lands would need to be 28 
modified through an environmental review process to allow hunter access into that area. 29 
Currently the JEH could be reduced by approximately 1,000 animals before being below 30 
objective (11,000 ± 10%). A WGFD Commission approved reduction in the JEH could be 31 
investigated if the efforts of this strategy did not result in reaching the NER Phase I elk 32 
objective. An increase in enforcement would be necessary if this strategy was implemented.  33 
 34 
National Elk Refuge Strategy Consequences 35 
 36 
Considered but not included in the consequences table (covered in the EIS) – average annual 37 
private sector revenue; altered archeological resources; 38 
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Table 5. Predicted consequence table for the National Elk Refuge (NER) elk population on feed alternative management action 
strategies. This table is not currently cited in the text  

Objectivea/Decision 
Considerationb Evaluation criteria 

Reference 
Condition 

NER-
focused 

Southern herd 
segment mngmnt 

Late season 
harvest 

Elk-fed daysa Years to reach objective     

Herd segment 
distributionb 

Proportion long-distance 
migrants 

    

Financialb 

Average annual additional costs 
to agencies ($000) 

    

Commercial landuse additional 
costs 

    

Socialb 

Sportsman/outfitter support     

Environmental group support     

Commercial landowner support     

Residential landowner support     

Safetyb Animal/vehicle collisions     

aThe identified objective from the BEMP Phase I for this table is 5000 elk on winter feed at the NER, which has been converted to 
elk-fed days (see Population of Interest above). 
bAdditional decision considerations and evaluation criteria were identified by the working group for comparison among strategies. 
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Bison 
Alternative management actions for bison on the NER and adjacent areas included several 
developed for the NER wintering elk population objective in addition to those solely developed 
for bison (Table 6). Most of the actions identified were related to bison harvest in an effort to 
influence hunter access or success.  
 
Table 6. Bison population strategy table for identifying alternative management action 
strategies.  

  
Reference 

Case 
Hunter 
Harvest 

Supplemental 
Culling 

Population management 
   No change X 

  
January hunt extension    
Improve late-season access to north 
end of NER for hunting and carcass 
retrieval 

 
X X 

Parking lot origination management 
 

X X 
Agency cull*   X 
Herd-wide fertility control* 

   
Hazing 

   
No change 

   
Haze bison found south and east of 
Flat and Nowlin creeks  

X X 

Agency-accompanied hunters  X X 
Habitat improvements 

   
No change X 

  
Fire management on NER and 
adjacent public land  

X X 

Water source improvements    
Private lands mitigation    

NER south-boundary improvement    
Public education/outreach (EO) 

   
No change 

   
Increase education and outreach 

   
Monitoring 

   
No change 

   
Enforcement 
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No change 
   

Increase 
   

 
Population management—Hunter harvest of bison since 2007 has led to an appreciable 
reduction in the population (Fig. 5). Further efforts to increase hunter harvest are intended to 
reduce the number of years necessary to reach the bison population objective. Most of the 
actions identified are related to increasing opportunity and success at the existing level of 
hunter numbers. The current number of hunters each year is believed to be a maximum 
number allowable while still providing a quality, and safe, hunting experience.   
 
January hunt extension. 
 
Efforts to improve late-season access to the north end of the NER for hunting and carcass 
removal could facilitate increased harvest. Existing retrieval roads become impassable late in 
the hunting season due to snow, and can, for example, preclude hunters from using the West 
Parking Area or retrieving carcasses on the northern portion of the refuge. Keeping these roads 
open may be difficult in heavy snow years, requiring a bulldozer in some situations. 
Alternatively, over-the-snow vehicles could be considered for carcass retrieval on existing 
refuge roads. Hunter access easements across private lands on the northeast corner of the NER 
will be explored as another means of providing access to that portion of the refuge for hunting 
and carcass retrieval. 
 
Hunters must originate from a designated parking area for hunting bison on the NER. All but 
one designated parking area are within the NER. Access to the northwest portion of the NER is 
via a parking area within and managed by GTNP in collaboration with the NER. Accessing the 
refuge for hunting from BTNF lands along the eastern boundary of the NER was historically not 
allowed. The refuge will continue to manage hunter distribution using parking-lot origination in 
an effort to encourage bison to move onto, and remain, on the refuge. Hunters with a NER 
permit will also be allowed to access the refuge from adjacent BTNF lands.   
 
Culling of bison is currently not used as a population management action and is only employed 
in situations where public safety or private property are at risk (WGFC regulations, chapters 41 
(2002) and 15 (2004)). Including an agency bison cull as a potential population management 
action in this plan does not imply agency approval at this time and would only receive further 
consideration upon meeting several criteria. Actions described in this plan to improve hunter 
success would need to be implemented and provided a minimum of X years to demonstrate 
effectiveness in achieving the bison population objective. If hunter harvest proves incapable of 
reducing the bison population or growth rate, the planning group (i.e., NER, WGFD, GTNP, and 
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BTNF) may pursue agency support for conducting an agency cull as a supplementary action to 
hunter harvest. Consideration of an agency cull would include meeting National Environmental 
Policy Act (NEPA) requirements. WGFD policy prevents elk hunting past January 31st to 
minimize hunter contact with not sure how to word this, i.e., I don’t know why the deadline 
reduces the potential for exposure/transmission of brucellosis to hunters (bison have not 
been considered within this policy at this time). Between February 1st–15th WGFD personnel 
can harvest animals (does this pertain only to elk?) and the animals can be donated to area 
food banks; animals killed after February 15th must be disposed of in a landfill (can we cite 
WGFD policy here?).  
 
Need to define a threshold of years (?), but not hard numbers (?), retaining as much flexibility 
as possible. Simple population model would help us better understand what type of time 
horizon we’re looking at. Include a projection so that we don’t wait 20 years. Harvest >240 
bison in 2013.  
 
Herd-wide fertility control of bison was considered and rejected in the BEMP. A review of 
fertility control in wildlife, current at the time of approval of the BEMP, can be found in 
Appendix B of the final Environmental Impact Statement (EIS) (USFWS and USNPS 2007b). Need 
to gather more details on the current state of knowledge for this technique – would it be 
possible to have the WGFD vet draft a few sentences, with current citations, for this purpose? 
Seems like this would have to occur on the feedline to be efficient and effective, which would 
trigger NEPA. Bison primarily occur on federal lands, so proposed implementation of this action 
would necessitate following NEPA requirements. Jack Ryan (APHIS) has been working on bison 
fertility control.  
 
Hazing—Reduction, or elimination, of winter feeding will likely result in bison having a broader 
winter distribution in Jackson Hole. This could lead to more frequent use of the Nowlin unit by 
bison; the Nowlin unit is where commercial sleigh rides are conducted. Moreover, increased 
bison use of the southern portion of the NER beyond the Nowlin unit increases the potential for 
bison to enter the town of Jackson. For public safety and to minimize conflict in the Nowlin unit, 
bison will be hazed north if found south of the line originating at the eastern boundary of the 
NER at Twin Creek Ranch Road, west along Twin Creek Ranch Road to Nowlin Creek, 
northwest along Nowlin Creek to Flat Creek, and southwest along Flat Creek to Highway 89.  
 
Agency-accompanied hunters in the NER’s south units (Which units? Does this include Miller 
Barn?) could be used to haze bison to the northern units. 
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Habitat improvements—Fire management on NER and adjacent public land to increase 
attractiveness for bison would be the same as described above for elk (pg X). The objective, 
however, differs in that the purpose of attracting and holding bison on the refuge would be 
primarily to increase susceptibility of bison to harvest.  
 
Water sources on the east side of the NER would be improved to encourage bison use and 
potentially early season harvest. There are existing springs that have been improved in the 
past and these could potentially be improved more – how? Water hole 2 – ‘improved spring’; 
already piped, maybe try deepening the bore. Lost Springs (GTNF) already puts out good cfs. 
Water hole 3 – could this be improved?  
 
Private lands mitigation—Bison primarily occur on public lands (i.e., NER, GTNP, and Bridger-
Teton National Forest), and when they do occur on private lands WGFD has the authority to 
haze or destroy bison for safety or private lands damage concerns (WGFC regulations, chapters 
41 (2002) and 15 (2004)). There is the potential for increased private lands conflict due to bison 
if winter feeding is reduced or eliminated on NER. For example, bison may move further south 
when feeding does not occur, increasing the potential for bison in Jackson. To reduce the 
likelihood of bison moving from the Refuge into Jackson, a double cattle guard will be installed 
on Elk Refuge Road at the boundary with East Broadway and at the gate where the town 
accesses the municipal water wells.  
 
Public education/outreach—Public education and outreach for bison management will be 
integrated into EO provided for elk management (see pg. X). There are several important 
differences between bison and elk management that need to be articulated. The bison feeding 
strategy is fundamentally different, with the objective of bison winter feeding to eliminate 
conflict with elk feeding. Winter feeding of bison precludes many conflicts that would occur if 
bison were more broadly distributed within Jackson Hole, e.g., bison in the town of Jackson and 
the associated public safety conflict. As winter feeding is reduced, or eliminated, efforts will be 
made to manage potential increased conflict, but public acceptance of increased conflict will be 
necessary. There are important biological differences between bison and elk that will be 
highlighted. For example, bison have approximately twice the reproductive rate of elk (need a 
citation for this). During the six-year (is this correct?) period taken to write the BEMP the bison 
population grew exponentially, increasing from 627 animals in 2002 to 1059 in 2007 (WGFD, 
unpubl. data). Finally, the bison population objective differs from the elk objective, with the 
former based primarily on maintaining genetic heterozygosity while minimizing conflict (USFWS 
and USNPS 2007a). Are there specific management difficulties that have been experienced 
that should be highlighted here? 
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Separate action for agencies similar to what we did for elk? Increased EO to state agencies 
(are we primarily talking about DOL, or are there others? Is this related to increased conflict 
with agricultural producers?) will be included as part of this action. The range of bison will 
likely expand as feeding is reduced/eliminated, potentially leading to more conflict on private 
agricultural lands. 
 
Monitoring—Assess influence of commercial outfitters on hunter success; need a narrative 
description of this. What are the reasons for it being exclusively in the bison strategy table? 
 
Enforcement— 
 
Constraints 
Constraints unique to bison management were largely related to disease transmission concerns 
and related policy (Table 7). For example, it is not currently possible to move bison out of the 
county, nor are bison currently allowed in the Gros Ventre near WGFD feedgrounds. Several 
identified alternative actions, fertility control and test and slaughter, were considered and 
rejected in the 2007 Environmental Impact Assessment (EIS) for the Bison and Elk Management 
Plan. The 2007 EIS similarly limits tribal harvest of bison. Moreover, there is uncertainty if an 
effective bison fertility control exists, which is a technological constraint. What constraints 
from the NER wintering elk constraints table should be carried over to the bison constraints 
table? 
 
Table 7. Management constraints identified for the bison population objective. 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Cumbersome hunt regulations 
Hunter access (especially from north of the NER) 
Easement limitation (NER boundary) 
Current restriction on moving bison out of county 

Social constraints 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Vendor numbers (are there enough for bison removals?) 
Land-use conflicts (agricultural and residential) 

Biological constraints 



29 
 

Disease 
Sage grouse habitat conflicts (fire) 
Fencing/wildlife conflicts 
Grizzly bear conflicts (potential) 

Funding constraints 
Easements 
Fencing 
Fertility control 

Technological constraints 
Fertility control 

 
Note/reminder from initial fall meeting Nov. 2012: “Three-pronged approach” 1) how to use 
hunters to reduce #s, 2) how to get more on native, 3) explicit metric for winter mortality that is 
acceptable.  
 
Include a paragraph or two that describes 1) how phases are related to each other, 2) when we 
will claim we’ve been successful in Phase I, 3) how Phase II will be implemented (i.e., stepwise 
or all at once after success with Phase I, 4) whether meeting bison and elk objectives 
simultaneously will be necessary to begin implementing Phase II.  
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APPENDIX I 
 

 

Vision:  
 
 
  
 
Goals: 
 
 
Obj.  
Categories 
 
 
 
Objectives 

 
 

 
 
  

 

 

 

 

  

 

Figure 1.A1. Schematic representation of Bison and Elk Management Plan vision, goals, objective categories, objectives, measureable attributes and performance criteria. Bolded boxes and arrows represent the objective 
outlining the phased approach to population management by adaptively managing elk and bison populations for desired conditions. Stippled boxes represent measureable attributes and performance criteria for desired 
conditions defined in the National Elk Refuge Comprehensive Conservation Plan. Grayed-out boxes represent objectives, measurable attributes, and performance criteria wholly (e.g., public education) or largely (e.g., 
invasive species management) independent of desired conditions related to elk and bison population objectives, and therefore not considered in this plan. 
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 Sex ratio Popn #  Popn # Popn #    

Measureable Attributes 

5000 lbs/ac 
400 ac 
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700 ac 
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500 ac 
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 ≤ 2400 
Acres 

≥800 
stems/ac 

>80 in 

800 ac 
Class I/II 

1000 ac 
Class I/II 

≥0.17 
stems/m 

>80 in 

 

Performance Criteria 

5000 Elk 
500 Bison; 

Desired  
Habitat 

Conditions  

35 Bulls: 
100 Cows 

500  11000    

‘Manage bison and elk in a manner that contributes to the state’s herd objectives 
yet allows for the biotic integrity and environmental health of the resources to be 

sustained (BEMP Desired Conditions). 
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NATIONAL ELK REFUGE BISON AND ELK WINTER FEEDING ADAPTIVE MANAGEMENT PLAN MEETING 

7 April 2014 AGENDA 

Participants: 
National Elk Refuge 
WGFD – Jackson region 
Grand Teton NP 
Forest Service 
 

1) 12:30 – 12:35: Meeting Objectives. 
a. Review of Narrative for Bison Alternative Management Actions 
b. Desired conditions – begin prioritizing criteria to link to elk population 

 
2) 12:35 – 2:00: Bison Alternative Management Strategy development 

a. Review management action narratives (in order, starts on pg. 25) 
i. Population management –  

1. January hunt extension – still uncertain what this actually means; need 
specific wording for this action (sorry, I think it has already been 
described and I simply didn’t capture it in my notes)  (pg. 25) 

2. Agency cull – current wording describing deadlines set by policy (pg. 26) 
3. Agency cull – quick review of bison harvest simulation; are people 

comfortable with the model and demographic rates used?  (pg. 26) 
4. Fertility control – which strategy would this fall under?  
5. Fertility control – how do we word this action to account for 1) its prior 

rejection in the 2007 EIS and 2) the presumed advances since that time 
that would make this a reasonable action?   (pg. 26) 

ii. Hazing – 
1. Combined Nowlin unit-specific action with an action to haze bison south 

of a defined line.      (pg. 26) 
2. Included an action and descriptive sentence for agency-accompanied 

hunters in the southern units – which units are we talking about for 
this? Any other specificity to include in the description?   (pg. 26) 

iii. Habitat improvements –  
1. Water source improvements – still needs some specificity for the 

proposed actions.      (pg. 27) 
iv. Public education/outreach – 

1. See comments on pg 27. 
2. Should the agency outreach be its own EO action?   (pg. 28)  

v. Monitoring –  
1. ‘Assess influence of outfitters on hunter success’?  (pg. 28) 

3) 2:00 – 2:10: Break 
 

4) 2:10 – 4:30: Desired conditions – begin prioritizing criteria to link to elk population 
a. Review Appendix I figure; six habitat objectives relevant to phase II elk population 

objective       



Jackson Hole Bison Population Response to Harvest – a Simulation Study 

 

Introduction 

The current Jackson Hole Bison population is over objective as defined by the Wyoming Game 
and Fish Department and in the interagency Bison and Elk Management Plan (BEMP) (USFWS 
and NPS 2007). Hunter harvest is the primary management action used to manage this 
population; uncertainty exists as to the efficacy of this action. To better understanding the 
influence of current harvest levels on bison population, we created a simple recursion equation 
population model that included harvest. The model includes three stochastic processes – 
annual reproductive rate (the proportion of calves per female), harvest, and observation error. 
Survival (adult and calf) excluding mortality associated with hunter harvest, and the proportion 
of females in the population, were assumed to be constant. The number of bison, N, in year t+1 
is predicted as 

 

𝑁𝑁𝑡𝑡+1 = 𝑁𝑁𝑜𝑜𝑜𝑜𝑜𝑜,𝑡𝑡𝑆𝑆𝐴𝐴𝐴𝐴 + 𝑓𝑓𝑁𝑁𝑡𝑡,𝑜𝑜𝑜𝑜𝑜𝑜𝑅𝑅𝑡𝑡𝑆𝑆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 − 𝐻𝐻𝑡𝑡,     (1) 

 

with variables defined as 

𝑁𝑁𝑜𝑜𝑜𝑜𝑜𝑜,𝑡𝑡 = the observed number of bison in year t. 

𝑆𝑆𝐴𝐴𝐴𝐴 = adult survival excluding hunter harvest, assumed constant at 0.92 (Fuller et al. 2007).  

𝑆𝑆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = calf survival excluding hunter harvest, assumed constant at 0.76 (Kirkpatrick et al.  

1996). 

𝑓𝑓 = the proportion of females in the population, assumed constant at 0.592 based on WGFD  

postseason classification counts during 2007-2013.   

𝑅𝑅𝑡𝑡 = the stochastically-varying annual reproductive rate, i.e., calf to cow ratio, which is  

normally-distributed with mean = 0.466 and SD = 0.054 (N(0.466, 0.054)) based on 
postseason surveys, 2003–2013.  

 𝐻𝐻𝑡𝑡 = the stochastically-varying annual hunter harvest, normally distributed with mean = 209  

and SD = 45.5 (N(210, 45.5)) based on harvest data, 2007–2013. 

We assumed density-independent growth rates based on observed population growth with no 
to minimal harvest, 1970–2007 (Fig. 1).  
 



 
Fig. 1. Bison winter population in the Jackson Hole area, 1970–2013. Minimal to no harvest 
occurred from 1970–2007.  
 
Observation error in the bison population survey, i.e., variation due to imperfect enumeration 
of the population of interest, was included in the model. If we assume observation error is log-
normally distributed, observation error will be  
 

𝑁𝑁𝑜𝑜𝑜𝑜𝑜𝑜,𝑡𝑡 = 𝑁𝑁𝑡𝑡𝑉𝑉,       (2) 
 

𝑉𝑉 = 𝑒𝑒𝑒𝑒𝑒𝑒 �𝑍𝑍𝜎𝜎𝑣𝑣 −
𝜎𝜎𝑣𝑣2

2
�,      (3) 

 
where Z is normally distributed with a mean of zero and a standard deviation of 1, and the 
standard deviation of the observation uncertainty is σV (Hilborn and Mangel 1997). We assumed 
observation uncertainty was relatively low and set σV = 0.05. 

 



Results 

Will include brief write-up with updated figures once final demographic rates are used in the 
simulation. 

 

Figure 2. Histogram of simulated reproductive rate, i.e., calves/100 cows, (n = 10,000) assuming 
a normal distribution with mean = 0.466 and SD = 0.054. 

 

 



 
Figure 3. Histogram of simulated hunter harvest values (n = 10,000) assuming a normal 
distribution with mean = 209 and SD = 45.5. 

 

 

 



 
Figure 4. Projected Jackson Bison Herd population based on a stochastic population model with 
fixed annual adult and calf survival (0.95 and 0.76, respectively), fixed proportion of females in 
the population (0.592), and stochastically-varying annual reproductive rate (N(0.466, 0.054)) 
and harvest (N(210, 45.5)). Initial population (N0) was 1000 bison. Horizontal gray line is the 
current population objective for the Jackson Bison Herd. Dashed lines represent the 90% 
confidence interval.  
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Introduction 1 
 2 
The BEMP reads as the habitat restoration objectives of Goal 1 precede reducing the number 3 
of elk on winter feed of Goal 2 (pg. 135 BEMP ‘the following objectives and strategies are 4 
supplementary to the objectives and strategies in Goal 1, which would have to be met in 5 
order for Goal 2 to be achieved’). This to me needs to be reversed – until the desired 6 
distribution of animals is achieved (i.e., more animals distributed on native range at a lower 7 
density to reduce disease risk) habitat restorations may largely be wasted effort. After 8 
achieving desired distribution/density of elk we can consider how to achieve desired habitat 9 
conditions. If they can’t be achieved at 5000 elk and minimal/no winter feeding we can revisit 10 
the population objective.  11 
 12 
Now that we’re incorporating both phases I believe the fundamental objective has changed. 13 
The fundamental objective of phase 1 was 5000 elk on winter feed and 500 bison. The 14 
fundamental objective of phase 2 is not explicitly stated but I am interpreting it as 15 
maximizing the number of elk wintering on standing forage and native range – the most 16 
common theme throughout the BEMP. There is strong language regarding desired conditions 17 
in the ‘Management Direction’ chapter, but it never explicitly states that the habitat 18 
objectives are the desired conditions; we have interpreted it that way. In the Record of 19 
Decision (ROD) habitat conditions/restoration are a separate bullet defined for the selected 20 
alternative, with 6 considerations provided for inclusion in the ‘structured framework…of 21 
adaptive management’. These 6 considerations are: availability of forage, herd size and 22 
ratios, comingling mitigation, winter distribution, disease prevalence (brucellosis, CWD, and 23 
others), and public support. 24 
 25 
Several factors point to the current issue of the NER being over objective during winter being 26 
primarily a distributional issue. First, the JEH is currently within objective. Second, elk winter 27 
distributional changes have occurred since completion of the BEMP that have led to an 28 
increased proportion of JEH elk wintering on the NER. To me this points to needing to 1) have 29 
more conservative feeding criteria and 2) implement a late season elk hunt to keep animals 30 
off the refuge as long as possible. Obviously this is the group’s decision, but I’m making that 31 
assumption so I can think through implementation, modeling, and monitoring. 32 
 33 
If the fundamental objective is to maximize the number of animals using standing forage and 34 
native range we need to conceptualize the relationship between elk density and winter 35 
feeding. To do this I thought it would be easiest to define the proportion of Kcal in elk diets 36 
from feed as a function of elk density while accounting for standing forage. I created a figure 37 
to represent this; no feeding occurs at low densities of elk (<1 animal per 300 lbs available 38 
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forage), then asymptotically approaches all Kcals coming from feed as density increases. We 1 
can change the threshold of when feeding starts as necessary.2 

 3 
While this simple model helps us think through winter feeding and elk numbers, it ignores elk 4 
survival as a function of available forage. I don’t think we can ignore that, especially calf 5 
survival? It seems to me that what we are trying to do is 1) encourage elk to distribute 6 
themselves more broadly by being less conservative with winter feeding (i.e., change the 7 
shape of the figure above) and conducting late-season hunts, while 2) staying within an 8 
acceptable range of winter mortality, especially calf mortality. I’ve been thinking about this in 9 
this manner since Tim’s comments on winter survival at the last meeting. I understand that 10 
we’re working toward achieving desired conditions, but I imagine we’ll quickly lose public 11 
support if they see a pile of dead calves. And I don’t think they’ll view sparing aspen from elk 12 
browse is worth that.  13 
 14 
Here’s a figure of the hypothesized relationship between calf survival and available forage.  15 
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 1 
We could use existing information to estimate the two relationships represented in the 2 
figures, which would provide us with a set of models to predict winter calf mortality as a 3 
function of available forage, and then see where we can get with less conservative winter 4 
feeding. This would allow us to articulate to the public that we’re trying to not go above 5 
some level of calf mortality while reducing the number of elk on the refuge by being less 6 
conservative with feeding. If we can’t successfully reduce the number of elk on feed without 7 
going beyond the calf mortality rate deemed acceptable then we’ll know we need to 1) get 8 
support for possibly allowing higher calf mortality, 2) use some other identified action to 9 
distribute elk during winter, or 3) reduce the overall objective/number of elk.   10 
 11 
We could concurrently monitor aspen condition so that as we alter distribution of animals on 12 
the refuge we learn how that influences the likelihood of aspen growing through the browse 13 
zone. This would allow us to relatively seamlessly transition into phase 2 of the plan.  At that 14 
point the question becomes ‘can aspen reached desired condition when we maximize the 15 
number of elk on standing forage at the current population level (density).  16 



4 
 

      1 

 2 
Can we have Laurie Shannon review the plan for NEPA compliance? She led development of 3 
the BEMP. Other RO reviewers? 4 
Include a summary of the actions in this plan that tier off of the BEMP vs. those that would 5 
trigger NEPA. This would include defining strategies succinctly and the threshold that would 6 
trigger NEPA. In this way we can move forward with actions that step down from the BEMP 7 
and have a trigger for initiating NEPA if, and only if, necessary.   8 

1) Removed ‘Grand Teton NP harvest’ from the bison alternatives table because it was not 9 
in the BEMP and would therefore trigger NEPA and an act of Congress would be 10 
necessary (for a hunt, not a cull). A bison cull in GTNP would still trigger NEPA. Included 11 
agency cull (see below).  12 

2) Test and slaughter for bison was reviewed and rejected in the BEMP – many reasons to 13 
not do it.  14 

3) An agency bison cull would trigger NEPA 15 
4) Herd-wide fertility control in bison would similarly trigger NEPA 16 
5) Elk fertility control in GTNP south? This is currently an action in an elk strategy that 17 

would trigger NEPA, yet we haven’t excluded it from the main plan, simply stated it 18 
would need NEPA. 19 

 20 
Uncertainty regarding how to reach objectives for elk and bison populations, desired habitat 21 
conditions, and disease management in Jackson Hole remains after many years of study and 22 
debate. Determining an effective set of management actions to meet multiple and potentially 23 
competing objectives is needed. In an effort to address this, an adaptive management (AM) 24 
approach is being undertaken (Walters 1986). There are four essential elements to an adaptive 25 
management approach: 1) well defined and mutually agreed upon objectives, 2) clearly 26 
articulated management actions and strategies, 3) a model, or competing models, describing 27 
the dynamics of the system being managed, and 4) a monitoring program to quantify system 28 
response to management and allow estimation of the difference between the observed and 29 
predicted (from the model or models) system response. A fifth component, optimal decision 30 
making, is also included in some AM efforts. The AM approach is ‘adaptive’ because learning 31 
through management experiments (management actions implemented to change the state of 32 
the system) occurs. In single-model AM projects the learning results in better estimates of the 33 
effects included in the model, i.e., there is less uncertainty about how the system will respond 34 
to management actions. In multiple-model AM projects learning occurs through the 35 
competition of models in the model set. Each model provides a representation of a competing 36 
idea (hypothesis) about how the system works. The model that best predicts system response 37 
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to management provides support that the hypothesis it represents is a better description of the 1 
system than the other hypotheses, reducing uncertainty about the system being managed.    2 
 3 
Uncertainty abounds in wildlife conservation and management.  For example, how abundance 4 
and distribution of bison and elk will respond to different management actions is only modestly 5 
predictable. Similarly, what number of elk and bison the area can support based on desired 6 
conditions is largely unknown, and likely varies in response to environmental variation (e.g., 7 
weather, habitat heterogeneity). These types of uncertainty are often referred to as process 8 
error, i.e., imperfect knowledge of the biological system being managed. A second type of 9 
uncertainty is related to our inability to conduct a complete census of a population, i.e., partial 10 
observability (Williams 1997). This is sampling variation associated with wildlife monitoring, 11 
also commonly referred to as observation error (Hilborn and Mangel 1997). Process and 12 
observational error create uncertainty that limits a manager’s ability to make informed 13 
management decisions.  14 
 15 
The Bison and Elk AM plan will embrace existing uncertainty regarding drivers of bison and elk 16 
wintering abundance and distribution in the Jackson Hole area and on the National Elk Refuge 17 
(NER), provide further understanding of important limiting factors, and help guide management 18 
actions toward those that will have the most direct benefit to achieving stated goals and 19 
objectives. The Bison and Elk Management Plan (BEMP; USFWS and USNPS 2007a) provides 20 
goals, objectives, and strategies related to bison and elk population in the Jackson Hole area 21 
and within the NER. The AM plan is an extension of the BEMP, providing an adaptive 22 
management framework to achieve the goals and objectives of the BEMP. Therefore, the AM 23 
plan is considered a step-down plan to the BEMP and utilizes the goals and objectives within 24 
the BEMP. Strategies from the BEMP were incorporated into additional strategies considered 25 
during the development of the AM plan. The AM plan and associated efforts is an opportunity 26 
to collectively learn from ongoing work to manage elk and bison in the Jackson Hole area. 27 
 28 
The BEMP contains four goals (Fig. 1) and 20 associated objectives (Appendix I). The AM plan 29 
relates to three of the four goals and 10 of the 20 objectives in the BEMP (Appendix I). Four of 30 
the objectives relevant to the AM plan relate to populations of elk and bison in the Jackson 31 
Hole area. The Sustainable Populations BEMP goal outlines a two-phase approach to reduce 32 
the number of elk on supplementary winter feed while achieving 1) Wyoming Game and Fish 33 
Department (WGFD) population objectives for the Jackson Elk Herd (JEH) and 2) an elk sex ratio 34 
in Grand Teton National Park (GTNP) of 35 bulls for every 100 cows. The first phase sets initial 35 
population objectives at 5000 elk on winter feed. The second phase calls for elk populations 36 
that are adaptively managed to “achieve desired conditions, with animals relying 37 
predominantly on native habitat and cultivated forage”. The bison population objective of 500 38 
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animals post-hunting season was determined based largely on maintaining genetic 1 
heterozygosity while minimizing other conflicts (USFWS and USNPS 2007a). Unlike the second 2 
phase elk objective, the bison objective is independent of desired habitat conditions.  3 
 4 
Desired habitat conditions on the NER are defined in the BEMP and Comprehensive 5 
Conservation Plan (CCP; USFWS 2014). The former includes criteria based on area and condition 6 
of aspen, cottonwood, and willow. The CCP includes criteria for sage-brush grasslands and wet 7 
meadow habitat on the NER (Habitat Conservation goal, Habitat Problems objective category; 8 
Appendix I). Need more information on the criteria in the CCP for these habitats, and to 9 
include this information in the Appendix I figure. Briefly describe the link between wintering 10 
elk population and desired habitat conditions here once the models have been drafted.  11 
 12 
The Phase I objective of 5000 elk appears to have originated from Hobbs et al. (2003). This 13 
report, based on three simulation exercises, concluded that “in average SWE [snow-water 14 
equivalent] winters with average pre-winter precipitation and 500 bison, roughly 16,000 elk can 15 
find forage on the Greater Teton Ecosystem without incurring forage deficits and roughly 5,000 16 
elk can find forage on the NER without incurring deficits.” Hobbs et al. (2003) do not explicitly 17 
define winter in the report, but appendix B of the report describes the ‘entire winter’ as 18 
‘roughly November 1st to July 1st’. Presumably the numbers given in the report represent the 19 
number present throughout the winter period, although this is not explicitly stated. It is 20 
important to note that elk use stored energy reserves during winter, so incurring a forage 21 
deficit does not imply an immediate threat (citation).  22 
 23 
The number of elk on winter feed on the NER and bison in the Jackson Bison Herd (JBH) 24 
currently exceeds the Phase 1 objective from the existing BEMP (Fig. 1) (USFWS and USNPS 25 
2007a). The JEH, which includes elk wintering on the NER, is within WGFD objective, while the 26 
JBH population is above objective. Therefore the primary issues for reaching Phase 1 population 27 
objectives are related to 1) distribution of elk during winter, and 2) abundance of bison.   28 
 29 
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 1 
Figure 1. Hierarchical relationship among the vision, fundamental objectives and Phase 1 2 
objective for elk and bison in the Bison and Elk Management Plan (USFWS and USNPS 2007a). 3 
The National Elk Refuge (NER) winter elk population objective is a sub-objective of the 4 
Jackson elk herd (JEH). 5 
 6 
Include Phase 2 in the figure above? 7 
 8 
Population of Interest 9 
A succinct and precise definition of the populations of interest is essential for developing 10 
models of system dynamics and appropriate monitoring, and determining if objectives are 11 
being met. Bison and elk populations of interest differ slightly in definition as stated in the 12 
BEMP objectives. The bison objective is for the post-hunt population within the Jackson Hole 13 
area (the Jackson Bison Herd [JBH]), inclusive of the NER. Conversely, the elk population 14 
objective for the NER is specific to the number of animals on feed at the refuge, and is a sub-15 
objective within the broader Jackson Elk Herd (JEH) (Fig. 2) post-hunt objective set by the 16 
Wyoming Game and Fish Commission (a governor-appointed policy-making board). Elk herd 17 
unit boundaries are determined by the WGFD and represent population boundaries where 18 
there is an estimated annual interchange with surrounding herds of <10% (Emmerich et al. 19 
2007).  Approximately 65% of the JEH winters on the NER based on February classification 20 
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counts (see below for definition of classification counts; USFWS & WGFD unpubl. data). The 1 
Jackson bison herd primarily winters on the NER (~90%), but range much further during the rest 2 
of the year (USFWS & WGFD unpubl. data). Geographic range of bison, figure, etc. It would be 3 
best to include a single figure that delineates the JEH and bison population. Eric has the 4 
shapefiles to update the figure. 5 
 6 
Determining if the BEMP population objectives are being met requires periodic estimates of the 7 
populations of interest. There are two components to the population objectives that need to be 8 
considered — where animals are and when they are there.  The BEMP bison population 9 
objective is the same for the JBH as it is for the NER, i.e., there is not a sub-objective specific to 10 
the Refuge as there is for elk. Moreover, the bison population objective is less temporally 11 
specific than that for elk, the former being an annual post-hunt population objective and the 12 
latter being defined based on the number of animals on feed. This aspect of the elk objective 13 
increases the difficulty in estimating the population of interest due to movements of animals 14 
into and out of feedgrounds during winter feeding. More importantly, the amount of time elk 15 
are on feed varies among years.   16 
 17 
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 1 
Figure 2. Jackson Elk Herd unit boundary, including the National Elk Refuge and Grand Teton 2 
and Yellowstone National Parks. INCLUDE BISON RANGE IN THIS FIGURE. 3 
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While not explicitly stated, the BEMP was written with an assumption that annual classification 1 
counts were to be used as the metric to determine if population objectives were being met, i.e., 2 
as a proxy for the number of elk on feed at the NER. Classification counts are a coordinated 3 
census of the JBH and JEH, collaboratively undertaken during early February by WGFD and the 4 
NER. These counts are undertaken during a single survey period and do not necessarily 5 
represent either peak or cumulative abundance (i.e., the greatest number of animals present 6 
on a single day during a winter, or the sum total of animals present throughout a winter, 7 
respectively) of bison or elk on feed. Elk and bison are enumerated by age and sex classes, 8 
providing population class structure information as well as overall abundance. Elk classes 9 
recorded during the classification count are calf, cow (includes yearlings), spike bull, and 10 
mature bull; bison classes are calf, yearling cow, yearling bull, adult cow, adult bull. A 5-10% 11 
difference typically exists between the classification count estimate and the daily number of elk 12 
on feed during peak abundance. Peak elk abundance on the NER during 2007–2013 occurred 13 
late February through the first week of March (USFWS unpublish. feedline data) (Fig. 3). 14 
Proposed changes to a less conservative feeding program that would result in a later initiation 15 
of winter feeding (see Development of Alternative Management Actions and Strategies 16 
below) could increase the difference between when the classification count is conducted and 17 
peak numbers of elk on feed. A less conservative feeding program could also result in initiation 18 
of feeding on the NER after the classification count has been completed in some years. Lastly, 19 
the classification count may be replaced in the near future by survey (i.e., not a census) 20 
methodology used elsewhere in the state by WGFD for estimating elk abundance. The new 21 
survey methodology may not provide suitable NER-specific estimates of elk abundance for 22 
determining if Refuge population objectives are being met.  23 
 24 
Beyond logistical or methodological considerations, a single elk population estimate in time 25 
would not adequately capture the dynamic nature of elk abundance in relation to winter 26 
feeding on the NER. For example, 5000 elk on winter feed (the current BEMP Phase 1 objective) 27 
for three months would likely have a greater impact on NER habitats than 5000 elk on feed for 28 
a single month. The BEMP Phase 1 elk population objective is not defined by time, leaving it 29 
open for interpretation whether the objective was intended as a mean number of animals fed 30 
during a winter, a maximum number fed, or a cumulative number fed. To address this issue 31 
while staying within the implied intent of the BEMP, we chose elk-fed days (EFD; the cumulative 32 
number of elk fed during a feeding season) as the metric for determining if the elk population 33 
objective is being met. This number combines both the spatial and temporal aspect of animals 34 
on the NER, providing better accounting of potential effects than a single classification count. It 35 
is also believed that this is more consistent with winter carrying-capacity projections estimated 36 
in Hobbs et al. (2003). The Phase I objective of 5000 elk on feed is defined relative to elk-fed 37 
days as  38 
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 1 
𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑑𝑑 ∗ 5000 elk, 2 

 3 
where d is the mean number of days of feeding from 1995–2007 (64 days [SD = 22]). This time 4 
span was selected to maintain consistency with the data used in developing the BEMP. The 5 
benchmark historical value is then 320,000 EFD. Bison-fed days (BFD) can similarly be calculated 6 
as 31,500 BFD for bison using d = 63 days (SD = 22) and the bison population objective of 500 7 
animals. This latter value provides an important historical perspective on winter feeding of 8 
bison and can assist in determining efficacy of management actions toward accomplishing the 9 
bison objective; post-hunt bison abundance will be the definitive number used for determining 10 
if the bison population objective is being met.   11 

 12 
Figure 3. Mean daily elk abundance on the National Elk Refuge during winter feeding, 2007–13 
2013. Data are from feedline counts for calendar dates where feeding occurred during all 14 
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years, i.e., February 12th (calendar date 43) through March 21st (calendar date 80). Counts 1 
were conducted from feeding equipment.   2 
 3 
Limiting Factors – DELETE THIS SECTION, OR EXPAND IN THE MODELING SECTION? 4 
Limiting factors are demographic components that limit population growth of a species. 5 
Identifying limiting factors, perceived and documented, help us better define existing 6 
uncertainty regarding drivers of elk and bison population and potential management actions, 7 
and monitoring to link the two together. In the current situation where management aims to 8 
reduce or limit a population to a specified objective, our understanding of limiting factors can 9 
be capitalized on to regulate population. For example, elk population growth is highly sensitive 10 
to adult female survival (Nelson and Peek 1982, Raithel et al. 2007), and therefore increased 11 
hunter harvest on adult females is a common approach to reduce elk populations. In this 12 
scenario, increased hunter harvest of adult females is the management action that could be 13 
employed to reduce a population to objective. This assumes population abundance is the issue 14 
to be addressed. Conversely, if population distribution is the primary issue to be addressed 15 
management actions to alter animal distribution would be employed.  16 
 17 
Winter distribution of elk and bison on and near the NER is influenced by winter feeding. The 18 
present feeding program is conservative in implementation of feeding to minimize elk 1) winter 19 
mortality of the most susceptible group, calves, and 2) comingling issues with cattle on adjacent 20 
private lands. Therefore, current feeding programs are minimizing a potential limiting factor – 21 
winter mortality. Moreover, winter feeding alters the distribution of elk and bison, which can 22 
result in localized concentrations of animals above stated objectives.   23 
 24 
Development of Alternative Management Actions and Strategies 25 
Alternative management actions were identified during a meeting of stakeholders at the NER 26 
22 May 2013. Alternative actions, and constraints, were developed for the NER winter elk 27 
population and the JBH. A series of further meetings (25 July, 20 August, 12 September, 23 28 
October, and 13 November 2013, and 22 January, 24 February, and 7 April 2014) were held to 29 
create management strategies, i.e., collections of actions that form complete and comparable 30 
alternatives (Gregory et al. 2012).  31 
 32 
Reference case—It is helpful to identify a reference alternative that captures the recent and 33 
ongoing management actions that have led to the current state of the system for comparing 34 
with new alternatives that are developed. Ongoing management actions include winter feeding, 35 
irrigation, harvest, and hazing.  36 
 37 
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Big game population objectives in Wyoming are evaluated and updated at least every five 1 
years. Objectives represent the preferred number of animals during winter within a herd unit 2 
(e.g., the Jackson Elk Herd) and are determined based upon multiple factors, including 1) 3 
available habitat to support the defined population, 2) hunting access, and 3) tolerance for 4 
wildlife on private lands by landowners (Tassell et al. 1995). Public input on proposed 5 
population objectives is obtained during public hearings. After the hearings the proposed 6 
population objectives are sent to the Wyoming Game and Fish Commission for review and 7 
approval. The NER, GTNP, and Bridger-Teton National Forest (BTNF) have participated in WGFD 8 
big game population objective review and revision processes in the past for both the JEH and 9 
JBH. These federal agencies will continue to participate in objective setting for the JEH and JBH 10 
populations. 11 
 12 
The current JEH winter feeding program includes two groups of feedgrounds – one on, and 13 
managed by, the NER, and the second managed by WGFD. The latter are the Alkali, Fish Creek, 14 
and Patrol Cabin feedgrounds, collectively known as the Gros Ventre feedgrounds, located on 15 
BTNF lands. Initiation of feeding is currently conservative, i.e., has the primary objectives of 16 
minimizing elk 1) winter mortality of the most susceptible group, calves, and 2) comingling 17 
issues with cattle on adjacent private lands. Winter feeding begins when available forage 18 
reaches approximately 300 lbs acre-1 at key index sites. Available winter forage for elk and bison 19 
on the NER is largely determined by snow conditions, rate of forage consumption during fall 20 
and winter, and biomass of forage produced during the previous growing season.  21 
 22 
Forage biomass (metric tons) is correlated with the amount of precipitation (mm) during May–23 
August (𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 50.31, R2 = 0.91; 1995 and 1998–2006, NER unpubl. data), and secondarily 24 

affected by the number of irrigated acres.  Refuge-wide herbaceous forage production 25 
averaged 14,387 (SD = 4125) tons during 1998–2013, and in recent years irrigation of 26 
approximately 3,600 acres has increased forage production by approximately 10% compared to 27 
what would have been produced with precipitation alone. Estimation of forage biomass is done 28 
annually based on sampling at index sites. Index sites are selected subjectively each year based 29 
on presence of vegetation highly palatable to elk such as naturally sub-irrigated wet meadows, 30 
irrigated areas with significant green vegetation, and in years with adequate late summer/early 31 
fall precipitation, native dry grassland plant communities with basal green up.  32 
 33 
During 1995–2013, mean initiation of winter feeding on the NER was 28 January, ranging from 34 
30 December to 28 February. Mean termination of winter feeding during this same period was 35 
3 April, ranging from 20 March to 20 April. Initiation and termination dates vary widely based 36 
on winter conditions. Excluding years in which feeding did not occur, mean initiation and 37 
termination dates for winter feeding during 1976–2013 at the Gros Ventre feedgrounds 38 
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occurred during the second week of January and first week of April, respectively (Table 1). This 1 
resulted in approximately 3 months of feeding each year.  2 
 3 
Table 1. Winter feeding mean initiation and termination dates and total days for the Gros 4 
Ventre feedgrounds managed by Wyoming Game and Fish Department. Standard deviations 5 
are provided parenthetically. 6 

Feedground Initiation Date Termination Date Total Days 
Alkali 10 January (18.8) 7 April (13.5) 89 (23.5) 
Fish Creek 9 January (12.3) 4 April (17.1) 85 (21.0) 
Patrol Cabin 11 January (13.5) 4 April (11.6) 84 (19.0) 

 7 
Winter feeding coordination between the NER and WGFD occurs annually. Feeding in the Gros 8 
Ventre feedgrounds is targeted specifically to assist in keeping animals from moving to the NER; 9 
for example, animals are more likely to move to the NER if feeding is occurring there and not at 10 
the Gros Ventre feedgrounds, where the opposite up-slope migration is less likely. Termination 11 
of feeding at feedgrounds needs to be coordinated so animals moving to the NER after feeding 12 
ends on the Gros Ventre feedgrounds do not remain at the refuge. This coordination will 13 
continue regardless of the management strategy employed.  14 
 15 
Bison are fed as necessary to ensure elk are adequately fed. Bison out-compete elk for forage 16 
resources, so the typical strategy is to keep bison at the northernmost NER feedground 17 
(McBride) by feeding them prior to feeding elk. Bison are fed separately from elk and are given 18 
a ration adequate to ensure they do not move to elk feeding areas. This also influences 19 
distribution of bison in the winter, reducing conflict associated with bison moving into 1) 20 
Jackson, and 2) the Nowlin unit of the NER where commercial sleigh rides occur.  21 
 22 
Total harvest of the JEH was reduced over the last decade as the population objective was 23 
reached (Fig. 4). Elk hunting on the NER (Hunt Area 77) typically begins in mid-October and 24 
ends in mid-December, with peak harvest in recent years occurring in late November to early 25 
December.  From 2005 to 2011 an average of 393 (SD = 56) hunters harvested 161 (SD = 38) elk 26 
per year during the NER hunt.  27 
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 1 
Figure 4. Jackson elk herd estimated harvest, 2002–2011. 2 
 3 
Associated with harvest on the NER, “tag and drag” is a retrieval service currently provided by 4 
two licensed outfitters. They are also licensed to guide on the NER. This program will continue 5 
regardless of the management strategy employed.   6 
 7 
Hazing of elk is currently only undertaken in spring to encourage elk (and bison) to move off of 8 
the NER. Attempts at post-hunting/pre-feeding hazing of elk to the north part of the refuge 9 
occurred (e.g., 2005–2006), but were largely ineffective with elk generally returning the 10 
following day to the south end of the NER. These efforts included hazing using ATVs, on foot, 11 
and on horseback. Reducing spring hazing to increase early-season harvest was considered as a 12 
potential action but not included due to 1) the perception that the loss of forage on the Refuge 13 
by resident elk during summer would offset gains due to increased harvest, 2) presence of 14 
wolves on the northern end of the Refuge may preclude the desired response of reduced 15 
hazing to keep elk on the north end of the Refuge, and 3) recently observed aspen recovery 16 
could be reduced if elk use increased on the north end of the Refuge.  17 
 18 
Fencing of hay stacks and livestock feedline areas has historically been used to mitigate conflict 19 
on private lands. Fencing as mitigation on private land will continue in a targeted fashion. For 20 
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example, a proposed mitigation in the Horse Creek area would involve a land trade with a 1 
private landowner to move livestock winter feeding operations off of a south facing slope that 2 
is a movement corridor for elk. Fencing three sides of the private land would separate the 3 
corridor from the livestock feedline. Targeted fencing of golf course greens and sand traps fall 4 
through spring has been successful in some situations for mitigating elk and bison presence in 5 
these areas. It is important to note that the county has a ‘wildlife-friendly’ fence policy and 6 
does not support fencing impermeable to wildlife. 7 
 8 
The outcome of the reference case described above for elk abundance and distribution during 9 
winter in the JEH is shown in table 2. Population objectives for the two feedground complexes 10 
are provided, as are annual elk abundances as measured during the classification count. The 11 
data presented in table 2 demonstrate the potential for reaching the Phase 1 NER winter elk 12 
population objective of 5,000 while remaining within the JEH objective of 11,000 (±10%). 13 
 14 
Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 15 
classification counts, 2011–2013, relative to the current objective. 16 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range* 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 

*Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 17 
  18 
Bison numbers grew exponentially from the 1970s until recently, peaking at 1059 animals in 19 
2007 (Fig. 5). Recent declines in the number of bison are largely attributable to increased 20 
hunter harvest on the NER. Bison hunting begins on August 15 and ends in early to mid-January; 21 
no bison hunting is allowed in GTNP, resulting in bison often staying in the park during the 22 
hunting season with only occasional movements onto the NER until severe winter conditions 23 
occur. Given this situation, harvest management balances extending the hunt as late in January 24 
as practicable without conflicting with winter feeding. The dynamic nature of winter conditions 25 
makes this unpredictable, and results in the use of emergency bison season extensions or 26 
reductions. For example, an emergency extension of the season (no later than 31 January) 27 
could occur if mild winter conditions precluded desired harvest levels earlier in the season. 28 
Conversely, an emergency closure may be necessary if winter weather conditions require 29 
feeding to commence before the predetermined season end date. 30 
 31 
Most bison harvest occurs on the NER, with some additional harvest on private and BTNF lands.  32 
Since the initiation of the bison hunt in 2007, mean harvest has been 210 (SD = 45.5) bison per 33 
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year.  This level of harvest has been sufficient to arrest the exponential growth of the 1 
population, reducing bison numbers from the peak in 2007 to 855 animals in 2013 (Fig 5). 2 
Licensing changes for hunting Jackson Hole bison were enacted in 2014 to increase harvest, 3 
especially of bison females.  These included a reduction in the bison female/calf license fee 4 
(from $416 to $263 for residents and from $2522 to $1022 for non-residents) and eliminating 5 
the once-in-a-lifetime restriction on a successful bison hunter to only those that successfully 6 
harvested a bull. Tribal bison harvest is currently defined in the BEMP to permit up to five 7 
animals for ceremonial purposes; tribal harvest generally occurs outside of the state bison 8 
season. Translocation of bison to tribal lands outside of Teton County is not currently permitted 9 
due to brucellosis concerns.  10 

 11 
 12 
Figure 5. Bison winter population in the Jackson Hole area, 1970–2013.  13 
 14 
Bison would likely occupy the Refuge year-round without management intervention, but as a 15 
result of hazing by refuge staff and disturbance by hunters, peak bison activity on the NER 16 
occurs January–April each year.  If bison fail to leave the NER following the cessation of 17 
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supplemental feeding they are typically hazed off the Refuge using all-terrain vehicles (ATVs) in 1 
late April to early May.  Hazing moves bison to GTNP, where they generally remain until mid-2 
July. From July to early August bison that return to the NER are hazed back to GTNP to protect 3 
forage for elk during the winter months. Hazing efforts in August cease within several days to 4 
weeks of the bison season in an effort to increase hunter harvest.  5 
 6 
National Elk Refuge 7 
Alternative management actions identified for meeting the NER winter elk population objective 8 
can be grouped into four categories, including 1) winter feeding management (both on and off 9 
the NER), 2) population management (harvest, culling, and fertility control), 3) habitat 10 
improvements (on and adjacent to the NER), and 4) mitigating private lands conflicts 11 
(leases/easements, incentives, fencing) (Table 3). The latter represent sequenced alternatives 12 
that would be necessary to implement due to wintering elk dispersing onto private lands 13 
adjacent to the NER in response to other management actions taken. A fifth group of 14 
alternatives associated with increasing public awareness (including local elected officials, e.g., 15 
county commissioners) of ‘natural’ levels of elk winter mortality were included after the 16 
meeting. These actions represent acknowledgement that the current feeding program results in 17 
reduced winter mortality, perhaps exacerbating already low public tolerance to increased 18 
winter mortality, whether episodic or perennial in nature. This group was expanded to include 19 
more targeted education and outreach efforts for landowners, sportsmen and agencies, and 20 
the WGFD Commission, depending on the strategy.  Lastly, a group for each of monitoring and 21 
enforcement were included to allow proper accounting of projected costs associated with each 22 
management action strategy.   23 
 24 
Table 3. National Elk Refuge winter elk population strategy table for identifying alternative 25 
management action strategies. Ongoing management actions that will be continued 26 
regardless of strategy selected are not included in the table; descriptions can be found in the 27 
‘Reference case’ description within the text. 28 

  

Reference 
Case 

NER-
focused 

Southern herd 
segment 
mngmnt 

Late 
Season 
Harvest 

Winter feeding management  
   No change X 
 

X X 
Less conservative (NER)  X 

  Population management  
   No change X 
   Increase harvest objectives in Hunt 

Areas 77 & 78  
 

X 
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Late-season refuge hunt (Hunt Area 
77)  X X X 
Coordinated late-season hunt (Hunt 
Areas 75, 77, 78, 80)    X 
Extend open period on Forest 
Service  

  
X 

Fertility control (Hunt Area 78 & 
GTNP South)  

 
X 

 Hunt Area 78 Hunter management 
program   X  

Habitat improvements  
   No change X 
   Fire management on NER and 

adjacent public land  X X X 
Private lands mitigation  

   No change X 
   Incentivize steer operations  X 

  Non-traditional landuse mitigation   X  
Public education/outreach (EO)  

   No change X 
   Increase public EO (including local 

elected officials)  X X X 
Increase landowner EO  X X 

 Increase sportsmen & agency EO   X  
Increase WGFD Commission EO  X X X 

Monitoring X 
   No change  X X 

 Increase  
   Enforcement  
   No change X 
   Minor increase  X X  

Major Increase  
  

X 
 1 
Winter feeding management—Management of winter feeding is a primary driver of elk 2 
distribution, and to a lesser extent abundance, in the Jackson Hole area. Feeding on the NER is 3 
initiated each year based on a series of factors, including the amount of forage on the NER, 4 
number of elk present, and snow conditions. Initiation of feeding is currently conservative (see 5 
Reference case, pg 5). A less conservative approach would result in later initiation of feeding, 6 
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therefore potentially increasing winter calf mortality and comingling. Including agronomic 1 
grassland plant communities without significant green vegetation and/or reducing the available 2 
forage threshold would result in a less conservative winter feeding program. Per capita ration 3 
levels would not change from the current level.   4 
 5 
Implementing a less conservative feeding program could result in very limited, or no, feeding 6 
given certain winter conditions. However, the criteria for a less conservative feeding program 7 
would not be such that it could be construed as ‘emergency feeding’, i.e., feeding only to 8 
preclude a catastrophic mortality event. Colorado, Idaho, and Utah provide examples of states 9 
that have emergency feeding policies. Existing evidence suggests that emergency feeding is not 10 
very effective (see review in Putman and Staines 2004). Moreover, the current feeding regime 11 
has been developed for non-emergency situations; a review of current rations and pellet 12 
composition would be necessary to adjust the program for emergency feeding.  13 
 14 
Population management—Hunter harvest is the primary tool employed for population 15 
management of elk and bison in Wyoming. Increased harvest objectives on/near the NER would 16 
target the southern segment (Hunt Areas 77 & 78), which is currently more productive (i.e., 17 
higher cow-calf ratios) than other JEH segments. Doing this would help achieve JEH objective 18 
while minimizing harvest on migratory segments. In order to track hunter harvest there would 19 
need to be an increase in monitoring, e.g., hunter self-registration.         20 
 21 
Elk hunting on the NER currently ends mid-December. Offering a late-season hunt (after 15 22 
December) would assist in deterring elk from moving onto the refuge. Without coordinated 23 
hunts in adjacent units (Hunt Areas 75 [GTNP], 78 and 80), and extended open access on BTNF 24 
lands in Hunt Area 80, the NER hunt would likely be ineffective in also significantly increasing 25 
harvest. Late-season harvest in Hunt Area 80 would include migratory Yellowstone elk, a 26 
declining herd segment of conservation concern. These proposed coordinated efforts would 27 
need to be approved by the Commission, BTNF, and GTNP.  28 
 29 
Fertility control was considered and rejected in the 2007 BEMP, so therefore could not be 30 
undertaken on federal lands without vetting in the NEPA process. Moreover, this action would 31 
need approval by the WGFD Commission prior to the state undertaking fertility control on 32 
private lands in collaboration with landowners in Hunt Area 78 and Grand Teton NP South 33 
would occur during summer on private lands. Research completed since signing of the BEMP 34 
indicates fertility control may be more tractable now than when it was considered during 35 
preparation of the BEMP. Killian et al. (2009) demonstrated effectiveness of GonaCon™, a 36 
gonadotropin-releasing hormone vaccine, in female elk. Dart-delivered 2 ml doses of 1000 μg 37 
GonaCon™ resulted in nearly complete infertility of females treated in September. Much of the 38 
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early research on this immunocontraceptive vaccine was for use in white-tailed deer, with 1 
regulatory approval of GonaCon™ for use in female white-tailed deer by the U.S. Environmental 2 
Protection Agency granted in 2010. There are no known dangers to humans or wildlife from 3 
eating animals that have been treated with GonaCon™. 4 
 5 
Most of the observed increase in segment population has occurred in the largely non-migratory 6 
Hunt Area 78 / Grand Teton NP south segment. Increased harvest in this segment would help 7 
address a number of issues, in addition to assisting in reaching Phase I objective. Harvest is 8 
nearly as liberal as possible at this time; the greatest limitation is hunter opportunity in 9 
residentially-developed areas. Elk use in those areas is increasing, necessitating continued 10 
collaboration with homeowner associations to improve hunter access within residential 11 
developments. Many associations have covenants that exclude firearms, but archery may be an 12 
option where firearms are excluded. There is also a growing constituency for trophy bulls in 13 
these areas.  14 
 15 
A hunter management program for Hunt Area 78 would coordinate private land access through 16 
a hunt manager as liaison to private landowners. This program would be modeled after similar 17 
programs in Montana, as well as several in Wyoming (Meteetse, Laramie Peaks, etc.).    18 
 19 
Habitat improvements—Habitat improvements discussed so far have focused on fire 20 
treatments on range adjacent to the NER to increase attractiveness of these areas to wintering 21 
elk. Opportunities exist for managed fire in certain areas, but opportunities for prescribed fire 22 
are limited. Fire treatments in lynx habitat would not be possible, therefore it would be 23 
necessary to determine if a conifer stand was suitable lynx habitat as based on tree cover. 24 
Conversely, areas within sage grouse core habitat (i.e., within a 4 mile radius of a lek) have a 5% 25 
disturbance cap that would similarly preclude fire treatment. Areas mapped as wildland urban 26 
interface (WUI) are available for treatment, but treatments need to be defined as a fuels 27 
reduction.  28 
 29 
There is potential to have fire management areas on the refuge, but the conflict with sage 30 
grouse on the northern portion of the NER, which is identified as sage grouse core habitat, 31 
would need to be addressed. The plan will therefore include prescribed fire even if it isn’t a 32 
primary tool. These changes would represent a small, ephemeral gain at best in changes to 33 
habitat that may result in more elk wintering outside of the NER. Wildland fire use (i.e., wildfire 34 
to meet resource objectives) is authorized forest-wide in the BTNF. Much of the BTNF adjacent 35 
to the NER is within the Gros Ventre Wilderness, which is managed to allow “natural processes 36 
of ecological change to operate freely. The number, size and intensity of fires [are managed to] 37 
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approximate the natural fire regime” (USFS 2013). Benefits from wildland fire use on adjacent 1 
national forest lands are therefore opportunistic in nature. 2 
 3 
Private lands mitigation—Easements and leases have been proposed as a means to minimize 4 
livestock and elk conflict related to brucellosis. Easements would incentivize steer operations 5 
by purchasing from willing sellers the right to have cow/calf pairs. Easements should also 6 
consider all winter feeding of livestock (e.g., horses), certain agricultural crops that are 7 
attractants to elk (e.g., irrigated hay), as well as hunting access. These easements would be 8 
purchased and enforced through agencies and local land trusts. Leases in the Spring Gulch area 9 
are not a suitable solution due to the current level of development; may be an option in Buffalo 10 
Valley assuming the weather allows animals to winter there. Leases/easements would need to 11 
include a statement that the individual would forfeit their right to make a depredation claim to 12 
WGFD.  13 
 14 
Non-traditional landuse mitigation would differ from that described above for traditional 15 
landuses. For example, the Jackson Hole Conservation Alliance is working with subdivision 16 
landowners to install landscaping that is less attractive, and more resistant, to elk and deer. 17 
Similarly, WGFD assesses subdivisions to identify issues for mitigation, and provides input to 18 
real estate developers and in county planning documents. Also, targeted hazing in subdivisions 19 
and golf courses is ongoing and will continue on an as-needed basis. 20 
 21 
Public education/outreach—Each partner agency will have the opportunity to become involved 22 
in the planning and execution of education and outreach (EO) efforts. Increased public EO 23 
efforts will be undertaken regardless of the strategy selected. These efforts will include 24 
increasing public awareness of, and tolerance for, natural levels of winter mortality in elk. This 25 
would be accomplished through local news releases and radio announcements, training for 26 
sleigh-ride contractors that includes information on winter mortality in unfed populations of 27 
elk, etc. Regular updates on the planning process and progress towards meeting objectives set 28 
out in the BEMP will also be provided to the public through NER media outlets. County 29 
Commissions will be included in public EO efforts to make sure they are aware, and supportive, 30 
of the agencies’ efforts.  31 
 32 
Landowner EO would differ between those engaged in more traditional agricultural landuse 33 
(i.e., ranching) and non-traditional landusers (i.e., residential developments, golf courses). The 34 
decision to change a livestock operation from cow/calf to steers (non-breeding) is a major 35 
decision.  It is not expected that ranchers would respond to an article in the paper, news story 36 
on the radio or even a letter.  This kind of effort will require primarily one-on-one interactions 37 
with an individual that has built relationships and trust within the community. This would 38 
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require a private lands biologist to work with private landowners in the area. The position could 1 
be a shared position among agencies. Conversely, EO focused on homeowners in exurban 2 
developments will focus more on meetings with homeowners’ associations, residential 3 
developers, etc., to provide information regarding living with wildlife, wildlife management and 4 
conservation, etc. All agencies will need to collaborate in initial efforts to reach key landowners 5 
and homeowner associations to convey the objectives and primary issues involved in managing 6 
elk and bison in Jackson Hole, as well as to express the importance of their involvement in the 7 
process. WFGD is currently doing this in some areas, e.g., Hunt Area 78.  8 
Sportsmen EO would include meetings with local and regional sportsmen’s clubs and ideally 9 
articles in club magazines, Wyoming Outdoors, etc.  General newspaper articles could also help 10 
disseminate information. This could be largely accomplished with existing staff.  11 
 12 
Agency EO is happening to some degree through AMP meetings.  It would be helpful to focus 13 
on two different groups; field staff and Regional Office managers.  Field staff are instrumental 14 
in achieving management actions on the ground, but also support changing public opinion in 15 
the local area through their personal interactions outside of work.  Regional office EO is 16 
essential in building the necessary support to obtain project resources and have support when 17 
controversies are elevated to their level.    18 
 19 
WGFD Commissioner EO will require personal contacts coordinated with WGFD.  Top priority 20 
will be the commissioner for this area and perhaps others.  This will include 1) tours of the NER 21 
and GTNP and 2) a briefing on alternative strategies resulting from the AMP. 22 
 23 
Monitoring—Draft once strategies are finalized. 24 
 25 
Enforcement—Draft once strategies are finalized. 26 
 27 
Contstraints 28 
Constraints that were identified for managing wintering elk population on the NER were diverse 29 
and included policy/regulatory, biological, social, and funding constraints, and combinations 30 
thereof (Table 4). The most common constraints were policy related (33%), followed by social 31 
(28%), biological (22%), and funding (17%) constraints. Many of the identified constraints could 32 
be identified in multiple groups; we largely identified constraints as belonging to a single group 33 
to simplify classification.  34 
 35 
Table 4. Management constraints identified for the National Elk Refuge wintering elk 36 
population objective. 37 
Policy constraints 
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Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Easement limitation (NER boundary) 
2007 EIS (rejected fertility control and test and slaughter; limits tribal 

harvest) 
Social constraints 

Hunter numbers 
Winter mortality (social acceptance) 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts 
Fencing/wildlife conflicts 
Migratory segment (maintain summer distribution goals) 

Funding constraints 
Easements 
Fencing 
Fertility control 

 1 
National Elk Refuge Strategy Narratives 2 
Management action strategies were divided into themes based on the focus of the grouped 3 
actions within a strategy. For example, the National Elk Refuge-Focused strategy targets winter 4 
elk distribution through management actions primarily taken on the refuge. The Southern Herd 5 
Segment Management strategy is a set of actions intended to reduce the number, and 6 
productivity, of the largely non-migratory elk in Hunt Areas 75 and 78 while minimizing the risk 7 
of harvest to migratory segments of the JEH. The Late Season Harvest strategy would increase 8 
harvest more generally in the JEH through coordinated late season hunts, with key caveats 9 
outlined below. Several actions were identified as necessary to continue, or implement, 10 
regardless of the strategy selected. Those to be continued are the 1) intra-seasonal 11 
management and coordination between the NER and WGFD Gros Ventre feedgrounds, 2) 12 
fencing for private lands mitigation, and 3) “tag and drag” and guided hunts on the NER and 13 
GTNP. New actions to be implemented across all strategies include 1) a late-season refuge hunt, 14 
2) Fire management on NER and adjacent public land, 3) increased public education and 15 
outreach, and 4) increased WGFD Commission education and outreach. 16 



25 
 

   1 
National Elk Refuge-Focused Strategy 2 
The NER-focused strategy is based on altering distribution of elk using management actions 3 
centered primarily on the refuge. This strategy implements actions to make the refuge less 4 
attractive to wintering elk primarily through a less conservative winter feeding program and 5 
initiation of a late-season hunt. This assumes that a proportion of elk that winter on the refuge 6 
can be conditioned to stay on adjacent winter range based on decreasing the incentive (later 7 
initiation of feeding) and increasing the disincentive (late season hunt) to moving onto the 8 
refuge. Incentivizing steer operations on private lands would be undertaken to address the 9 
increased proportion of elk that may winter on adjacent private lands. Similarly, education and 10 
outreach to private landowners is included in this effort to increase acceptance of elk wintering 11 
on private lands adjacent to the NER. Increased enforcement on the NER would also be 12 
necessary due to the addition of the late-season hunt.  13 
 14 
Southern Herd Segment Management Strategy 15 
The southern herd segments (Hunt Area 78 and GTNP South) are increasing absolutely and 16 
proportionally within the JEH. Conversely, migratory segments (i.e., elk that summer in 17 
Yellowstone NP and Gros Ventre Wilderness) of the JEH are stable to declining. The Southern 18 
Herd Segment Management Strategy focuses management actions at slowing, or reversing, the 19 
growth of the southern herd segments. Proposed actions include increasing harvest through 20 
the development of a hunter management program, a program that also helps address private 21 
lands mitigation. Targeted fertility control on private land summer range could also be 22 
explored by WGFD, but would need to go through the proper approval process (i.e., WGFD 23 
Commission). This action was considered and rejected in the BEMP. Increased outreach to 24 
sportsmen and agencies, and landowners, would be undertaken; the former is due to the 25 
potential for fertility control and the latter is for increasing awareness of landowners of the 26 
efforts to reduce the southern herd-segment. Increased harvest is localized by this strategy, 27 
minimizing the potential impact of increased harvest on the migratory segments. Increased 28 
enforcement on the NER would also be necessary due to the addition of the late-season hunt. 29 
 30 
Late Season Harvest Strategy 31 
The Late Season Harvest Strategy represents a broader, landscape scale approach to achieving 32 
the Phase I elk objective. A coordinated (i.e., NER, WGFD, GTNP, BTNF) late season hunt in Hunt 33 
Areas 75, 77–78, and 80 would occur. Approval would need to be obtained for extending, or 34 
moving, the current season in GTNP to allow later harvest. Lastly, the current December 1st 35 
closure to protect wintering ungulates in Hunt Area 80 on BTNF lands would need to be 36 
modified through an environmental review process to allow hunter access into that area. 37 
Currently the JEH could be reduced by approximately 1,000 animals before being below 38 
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objective (11,000 ± 10%). A WGFD Commission approved reduction in the JEH could be 1 
investigated if the efforts of this strategy did not result in reaching the NER Phase I elk 2 
objective. An increase in enforcement would be necessary if this strategy was implemented.  3 
 4 
National Elk Refuge Strategy Consequences 5 
 6 
Considered but not included in the consequences table (covered in the EIS) – average annual 7 
private sector revenue; altered archeological resources; 8 
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Table 5. Predicted consequence table for the National Elk Refuge (NER) elk population on feed alternative management action 
strategies. This table is not currently cited in the text  

Objectivea/Decision 
Considerationb Evaluation criteria 

Reference 
Condition 

NER-
focused 

Southern herd 
segment mngmnt 

Late season 
harvest 

Elk-fed daysa Years to reach objective     

Herd segment 
distributionb 

Proportion long-distance 
migrants 

    

Financialb 

Average annual additional costs 
to agencies ($000) 

    

Commercial landuse additional 
costs 

    

Socialb 

Sportsman/outfitter support     

Environmental group support     

Commercial landowner support     

Residential landowner support     

Safetyb Animal/vehicle collisions     

aThe identified objective from the BEMP Phase I for this table is 5000 elk on winter feed at the NER, which has been converted to 
elk-fed days (see Population of Interest above). 
bAdditional decision considerations and evaluation criteria were identified by the working group for comparison among strategies. 
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Bison 
Alternative management actions for bison on the NER and adjacent areas included several 
developed for the NER wintering elk population objective in addition to those solely developed 
for bison (Table 6). Most of the actions identified were related to bison harvest in an effort to 
influence hunter access or success.  
 
Table 6. Bison population strategy table for identifying alternative management action 
strategies.  

  

Reference 
Case 

Hunter 
Harvest 

Alternative 
Reduction 

Actions 
Population management 

   No change X 
  

Improve late-season access to north 
end of NER for hunting and carcass 
retrieval 

 
X X 

Parking lot origination management 
 

X X 
Alternative reduction actions*   X 

Hazing 
   

No change 
   

Haze bison found south and east of 
Flat and Nowlin creeks  

X X 

Service-accompanied hunters  X X 
Habitat improvements 

   
No change X 

  
Fire management on NER and 
adjacent public land  

X X 

Water source improvements    
Private lands mitigation    

NER south-boundary improvement    
Public education/outreach (EO) 

   
No change X 

  
Increase education and outreach 

 
X X 

Monitoring 
   

No change 
   

Enforcement 
   

No change 
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Increase 
   

*Beyond the scope of this plan and may require NEPA review. 
 
Population management—Hunter harvest of bison since 2007 has led to an appreciable 
reduction in the population (Fig. 5). Further efforts to increase hunter harvest are intended to 
reduce the number of years necessary to reach the bison population objective. Most of the 
actions identified are related to increasing opportunity and success at the existing level of 
hunter numbers. The current number of hunters each year is believed to be a maximum 
number allowable while still providing a quality, and safe, hunting experience.   
 
Efforts to improve late-season access to the north end of the NER for hunting and carcass 
removal could facilitate increased harvest. Existing retrieval roads become impassable late in 
the hunting season due to snow, and can, for example, preclude hunters from using the West 
Parking Area or retrieving carcasses on the northern portion of the refuge. Keeping these roads 
open may be difficult in heavy snow years, requiring a bulldozer in some situations. 
Alternatively, over-the-snow vehicles could be considered for carcass retrieval on existing 
refuge roads. Hunter access easements across private lands on the northeast corner of the NER 
will be explored as another means of providing access to that portion of the refuge for hunting 
and carcass retrieval. 
 
Hunters must originate from a designated parking area for hunting bison on the NER. All but 
one designated parking area are within the NER. Access to the northwest portion of the NER is 
via a parking area within and managed by GTNP in collaboration with the NER. Accessing the 
refuge for hunting from BTNF lands along the eastern boundary of the NER was historically not 
allowed. The refuge will continue to manage hunter distribution using parking-lot origination in 
an effort to encourage bison to move onto, and remain, on the refuge. Hunters with a NER 
permit will also be allowed to access the refuge from adjacent BTNF lands.   
 
Continuous review of population management actions implemented for reaching the bison 
population objective will be undertaken during the life of this plan. If management actions 
outlined in this plan prove ineffective for reaching the objective, other actions that fall outside 
the scope of this plan may be considered, e.g., agency cull, herd-wide fertility control. Such 
actions may require evaluation as per the NEPA.  
 
Culling of bison is currently not used as a population management action. Including an agency 
bison cull as a potential population management action in this plan does not imply agency 
approval at this time and would only receive further consideration upon meeting several 
criteria. Consideration of an agency cull would include meeting National Environmental Policy 
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Act (NEPA) requirements. WGFD policy prevents elk hunting past January 31st to minimize 
hunter exposure to Brucella abortus (the bacteria that causes brucellosis). This policy is specific 
to elk at this time, but the same concerns exist for late-season bison harvest. Between February 
1st–15th WGFD personnel can harvest animals and the animals can be donated; animals killed 
after February 15th must be disposed of in a landfill.  
 
Herd-wide fertility control of bison was considered and rejected in the BEMP. A review of 
fertility control in wildlife, current at the time of approval of the BEMP, can be found in 
Appendix B of the final Environmental Impact Statement (EIS) (USFWS and USNPS 2007b). Need 
to gather more details on the current state of knowledge for this technique – would it be 
possible to have the WGFD vet draft a few sentences, with current citations, for this purpose? 
Seems like this would have to occur on the feedline to be efficient and effective, which would 
trigger NEPA. Bison primarily occur on federal lands, so proposed implementation of this action 
would necessitate following NEPA requirements.  
 
Hazing—Reduction, or elimination, of winter feeding will likely result in bison having a broader 
winter distribution in Jackson Hole. This could lead to more frequent use of the Nowlin unit by 
bison; the Nowlin unit is where commercial sleigh rides are conducted. Moreover, increased 
bison use of the southern portion of the NER beyond the Nowlin unit increases the potential for 
bison to enter the town of Jackson. For public safety and to minimize conflict in the Nowlin unit, 
bison will be hazed north if found south of a boundary starting at the Twin Creek Subdivision, 
west along Elk Refuge Road to Nowlin Gate, north and west along Hunter Retrieval Road 22 (an 
administrative road), north along Hunter Retrieval Road 22 to the Refuge Barns, west along 
Nowlin Creek to the confluence of Flat Creek, and north along Flat Creek to the northern 
boundary of the Jackson National Fish Hatchery.  
 
Service-accompanied hunters in NER management units south of the bison hazing line defined 
above could be used to haze bison north of the hazing line.  
 
Habitat improvements—Fire management on NER and adjacent public land to increase 
attractiveness for bison would be the same as described above for elk (pg X). The objective, 
however, differs in that the purpose of attracting and holding bison on the refuge would be 
primarily to increase susceptibility of bison to harvest.  

Water sources on the east side of the NER would be modified to increase flow rates, improve 
bison access to water, encourage bison use and potentially increase early season 
harvest.  Existing springs known as waterhole 2 and waterhole 3 currently have defunct bore 
hole pipes with limited water flows.  These would be repaired or replaced to ensure late 
summer water flow and encourage bison use at these locations. 
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Private lands mitigation—Bison primarily occur on public lands (i.e., NER, GTNP, and Bridger-
Teton National Forest), and when they do occur on private lands WGFD has the authority to 
haze or lethally remove bison for safety or private lands damage concerns (WGFC regulations, 
chapter 56). There is the potential for increased private lands conflict if winter feeding is 
reduced or eliminated on NER. For example, bison may move further south when feeding does 
not occur, increasing the potential for bison in Jackson. To reduce the likelihood of bison 
moving from the Refuge into Jackson, a double cattle guard will be installed on Elk Refuge Road 
at the boundary with East Broadway and at the gate where the town accesses the municipal 
water wells.  
 
Public education/outreach—Public education and outreach for bison management will be 
integrated into EO provided for elk management (see pg. X). There are important differences 
between bison and elk biology and management that will be articulated. The bison population 
objective differs from the elk objective, with the former based primarily on maintaining genetic 
heterozygosity while minimizing conflict (USFWS and USNPS 2007a). Bison winter feeding is 
conducted primarily to eliminate conflict with elk on feedgrounds, which is fundamentally 
different than the objective for feeding elk to sustain the JEH through winter with minimal 
mortality. Winter feeding of bison precludes other conflicts that would occur if bison were 
more broadly distributed within Jackson Hole, e.g., bison in the town of Jackson and the 
associated public safety conflict. As winter feeding is reduced, or eliminated, efforts will be 
made to manage potential increased conflict, but public acceptance of increased conflict will be 
necessary. There are important biological differences between bison and elk that will be 
highlighted. For example, during 2007–2013 the JBH had greater than twice the ratio of calves 
to females in winter compared to elk of the JEH (0.47 [SD = 0.05] for bison and 0.22 [SD = 0.03] 
for elk; WGFD, unpubl. data). During the six-year period taken to complete the BEMP the bison 
population grew exponentially, increasing from 627 animals in 2002 to 1059 in 2007 (Fig. 5; 
WGFD, unpubl. data). Management challenges can also differ between bison and elk. Bison 
female-calf groups spend much of the year in GTNP, where no harvest is permitted, and move 
to the Refuge as winter conditions reduce forage availability in GTNP. Female-calf groups 
largely do not use BTNF lands adjacent to the NER or GTNP, which constrains population 
management using hunter harvest to a relatively limited area on the NER. This can lead to 
dense concentrations of animals and hunters on the NER, which can result in hunter conflict.  
 
Increased EO to state agencies, e.g. the Department of Agriculture and state veterinarian, will 
be included as part of this action. The range of bison will likely expand as feeding is 
reduced/eliminated, potentially leading to more conflict on private agricultural and developed 
lands. 
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Monitoring— Draft once strategies are finalized. 
 
Enforcement— Draft once strategies are finalized. 
 
Constraints 
Constraints unique to bison management were largely related to disease transmission concerns 
and related policy (Table 7). For example, it is not currently possible to move bison out of the 
county, nor are bison currently allowed in the Gros Ventre near WGFD feedgrounds. Several 
identified alternative actions, fertility control and test and slaughter, were considered and 
rejected in the 2007 Environmental Impact Assessment (EIS) for the Bison and Elk Management 
Plan. The 2007 EIS similarly limits tribal harvest of bison. Moreover, there is uncertainty if an 
effective bison fertility control exists, which is a technological constraint. What constraints 
from the NER wintering elk constraints table should be carried over to the bison constraints 
table? 
 
Table 7. Management constraints identified for the bison population objective. 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Cumbersome hunt regulations 
Hunter access (especially from north of the NER) 
Easement limitation (NER boundary) 
Current restriction on moving bison out of county 

Social constraints 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Vendor numbers (are there enough for bison removals?) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts (fire) 
Fencing/wildlife conflicts 
Grizzly bear conflicts (potential) 

Funding constraints 
Easements 
Fencing 
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Fertility control 
Technological constraints 

Fertility control 
 
Note/reminder from initial fall meeting Nov. 2012: “Three-pronged approach” 1) how to use 
hunters to reduce #s, 2) how to get more on native, 3) explicit metric for winter mortality that is 
acceptable.  
 
Include a paragraph or two that describes 1) how phases are related to each other, 2) when we 
will claim we’ve been successful in Phase I, 3) how Phase II will be implemented (i.e., stepwise 
or all at once after success with Phase I, 4) whether meeting bison and elk objectives 
simultaneously will be necessary to begin implementing Phase II.  
 
Disease management – current plan doesn’t address CWD explicitly except to state that NER 
will work within WGFD’s plan (should be out 2015). Need to write justification for increased 
emphasis on managing CWD threat. This is in conflict with brucellosis objectives that state 
feeding will be used to minimize co-mingling. Use easements for the latter and to balance CWD 
management.  
 
Does the current distribution of collared animals represent animals on native range? The 
latter are under-represented in the sample. Assuming main influence on aspen is from elk on 
winter feedgrounds. 
 
Need to provide justification for just including aspen – explain aspen as an umbrella for other 
habitats. Aspen regeneration more responsive to management actions; highly-preferred by 
elk. 
 
Bison impact on wet meadow; will we keep reducing elk due to bison? Need to consider 
monitoring bison. Can we go lower than 500 or is it firmly set? 
 
Changes that have occurred since completion of BEMP – Winter distribution of elk has 
changed, calf ratios have declined excluding short-distance migrant segment, wolf presence 
may have exacerbated this, bison numbers, fires in Gros Ventre, habitat management to hold 
elk in GTNP. All agencies agreed the plan was doable but the distributional shifts challenge 
that currently – S.Cain…graph of proportional distribution of elk on feedgrounds (has 
increased as animals on native range have declined). Write this up and share with the group 
for edits. 
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Do we provide a set date of adjusting feeding criteria to build collaboration with publics who 
will be influenced by the change (public outreach)? The adaptive part is figuring out what 
number of elk the refuge can support, less so how to reduce numbers on winter feed. Will 
likely push off winter feeding regardless in an effort to maximize bison harvest (i.e., late 
January season). 
 
FOCUS OF DECEMBER 2014 MEETING – Decide how integrated phase I and phase II are. Steve 
and I will work on that  
 
Models 
Adaptive management uses models of the managed system to link the objective response (e.g., 
desired habitat condition) to changes in the system resulting from management actions (e.g., 
altered elk distribution).  
 
We need to have a spatially-explicit model (set of models) that links desired conditions to elk 
and bison abundance and distribution. If we divide the refuge into 16 ha (40 acre) blocks we 
can then build a model to predict desired condition in that block during a period of time in 
response to elk and bison use. The latter is similar to EFD and BFD in needing to combine 
abundance and time animals are in a block. From a management perspective this is most 
influenced by feeding and harvest. Desired habitat condition is a function of animal use 
 

𝐸𝐸𝐷𝐷𝑡𝑡(𝑝𝑝) = 𝑓𝑓(𝑈𝑈𝑡𝑡(𝑝𝑝)), 
   
where 𝐸𝐸𝐷𝐷𝑡𝑡(𝑝𝑝) is the desired condition in block i during time t and 𝑈𝑈𝑡𝑡(𝑝𝑝) is the combined use of 
block i during time t by elk and bison. Takes a special case of circumstances to have escapement 
occur. (this can be separated so each species has its own term and they are additive – not 
sure how that would look, but seems easily doable). Use is the product of animal abundance in 
block i in time t, 𝑛𝑛𝑡𝑡(𝑝𝑝), and days present, 𝑑𝑑𝑡𝑡(𝑝𝑝) (may be more realistic to have larger time frame, 
e.g. weeks, that is realistic from a monitoring perspective), such that  
 

𝑈𝑈𝑡𝑡(𝑝𝑝) = 𝑛𝑛𝑡𝑡(𝑝𝑝)𝑑𝑑𝑡𝑡(𝑝𝑝). 
 

Animal abundance, n, in turn, is a function of the proportion of animals (𝑝𝑝𝑡𝑡(𝑝𝑝)) present in block i 
at time t 
 
 

𝑛𝑛𝑡𝑡(𝑝𝑝) = 𝑝𝑝𝑡𝑡(𝑝𝑝)𝑁𝑁𝑡𝑡, 
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where 𝑁𝑁𝑡𝑡 is the total population during time t. Lastly, 𝑝𝑝𝑡𝑡(𝑝𝑝) can be described as a function of 
hunting, winter feeding, and other block attributes (this latter group should be included at a 
general level and is something we need to discuss; most of our interest lies in the response of 
animals to hunting and feeding).  
 
We assumed a negative linear effect of winter feeding on animal use of a block, i.e., use 
increases linearly with decreasing distance from a feedground. The influence of hunting on 
animal use in a block was assumed to have a pseudo-threshold functional form. This accounts 
for the discrete boundaries between open- and closed-hunt units such that the effect of 
hunting on animal use declines rapidly with distance from open-hunt units and approaches an 
asymptote. What are the attributes of each cell that predict use – distance to feed grounds, 
hunt management, aspect, slope, distance to road, fencing. This is a significant component we 
need to figure out. I can try to provide some examples to help with the conversation. The 
other big component to work through is what exactly DC is – I’m still partial to working this 
this using aspen as an example. ‘Heavy lifting is defining DC and quantifying it’ (Kerry). We 
may find that to be about as much as can be handled with current resources. If that is true, 
we’ll have to think through how we can justify just one (or maybe 2-3) of the desired 
conditions for monitoring. If cottonwoods are less preferred than aspen we can probably 
easily get away from intense monitoring of cottonwoods by assuming they are likely doing 
well if aspen are. Different story for willows, but maybe it will take fence to get willows back 
at nearly any level of elk/bison at this point.   
 
Monitoring 
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APPENDIX I 
 

 

Vision:  
 
 
  
 
Goals: 
 
 
Obj.  
Categories 
 
 
 
Objectives 

 
 

 
 
  

 

 

 

 

  

 

Figure 1.A1. Schematic representation of Bison and Elk Management Plan vision, goals, objective categories, objectives, measureable attributes and performance criteria. Bolded boxes and arrows represent the objective 
outlining the phased approach to population management by adaptively managing elk and bison populations for desired conditions. Stippled boxes represent measureable attributes and performance criteria for desired 
conditions defined in the National Elk Refuge Comprehensive Conservation Plan. Grayed-out boxes represent objectives, measurable attributes, and performance criteria wholly (e.g., public education) or largely (e.g., 
invasive species management) independent of desired conditions related to elk and bison population objectives, and therefore not considered in this plan. 

Habitat Conservation Disease Management Sustainable Populations Numbers of Elk and Bison 

Land 
Protection 

Grazing 
Habitat 

Habitat 
Problems 

ID 
lands 

Sprinkler 
Irrigation 

Flood 
Irrigation 

Invasive 
Species 

Sage and 
Grass 

Cultivated 
Areas 

Willow Aspen Cottonwood Wet 
Meadow 

Structured 
Framework
  

Phased 
AM 

GTNP Elk 
Sex Ratios 

Bison 
Popn 

Public 
Education 

WGFD 
Herd Objs. 

JEH Bison Livestock 
Trans. 

Elk & Bison 
Trans. 

Human 
Risk Ed. 

Acres lbs. per 
Acre 

lbs. per 
Acre 

Acres 
Restored 

 Acres Class 
Acres 

Stem 
Den. 

Class 
Acres 

Stem 
Den. 

Class 
Acres 

 Criteria/ 
Actions 

Desired 
Cond. 

 Sex ratio Popn #  Popn # Popn #    

Measureable Attributes 

5000 lbs/ac 
400 ac 

2500 lbs/ac 
700 ac 

2500 lbs/ac 
500 ac 

≤ Weed 
Threshold 

 ≤ 2400 
Acres 

≥800 
stems/ac 

>80 in 

800 ac 
Class I/II 

1000 ac 
Class I/II 

≥0.17 
stems/m 

>80 in 

 

Performance Criteria 

5000 Elk 
500 Bison; 

Desired  
Habitat 

Conditions  

35 Bulls: 
100 Cows 

500  11000    

‘Manage bison and elk in a manner that contributes to the state’s herd objectives 
yet allows for the biotic integrity and environmental health of the resources to be 

sustained (BEMP Desired Conditions). 
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Introduction 1 
 2 
Uncertainty regarding how to reach objectives for elk and bison populations, desired habitat 3 
conditions, and disease management in Jackson Hole remains after many years of study and 4 
debate. Determining an effective set of management actions to meet multiple and potentially 5 
conflicting objectives is needed. In an effort to address this, an adaptive management (AM) 6 
approach is being undertaken (Walters 1986). There are four essential elements to an adaptive 7 
management approach: 1) well defined and mutually agreed upon objectives, 2) clearly 8 
articulated management actions and strategies, 3) a model, or competing models, describing 9 
the dynamics of the system being managed, and 4) a monitoring program to quantify system 10 
response to management and allow estimation of the difference between the observed and 11 
predicted (from the model or models) system response. A fifth component, optimal decision 12 
making, is also included in some AM efforts. The AM approach is ‘adaptive’ because learning 13 
through management experiments (management actions implemented to change the state of 14 
the system) occurs. In single-model AM projects the learning results in better estimates of the 15 
effects included in the model, i.e., there is less uncertainty about how the system will respond 16 
to management actions. In multiple-model AM projects learning occurs through the 17 
competition of models in the model set. Each model provides a representation of a competing 18 
idea (hypothesis) about how the system works. The model that best predicts system response 19 
to management provides support that the hypothesis it represents is a better description of the 20 
system than the other hypotheses, reducing uncertainty about the system being managed.    21 
 22 
Uncertainty abounds in wildlife conservation and management.  For example, how survival and 23 
distribution of bison and elk will respond to different management actions is only modestly 24 
predictable. Similarly, what number of elk and bison the area can support based on desired 25 
conditions is largely unknown, and likely varies in response to environmental variation (e.g., 26 
weather, habitat heterogeneity). These types of uncertainty are often referred to as process 27 
error, i.e., imperfect knowledge of the biological system being managed. A second type of 28 
uncertainty is related to our inability to conduct a complete census of a population, i.e., partial 29 
observability (Williams 1997). This is sampling variation associated with wildlife monitoring, 30 
also commonly referred to as observation error (Hilborn and Mangel 1997). Process and 31 
observational error create uncertainty that limits a manager’s ability to make informed 32 
management decisions.  33 
 34 
The Bison and Elk AM plan will embrace existing uncertainty regarding drivers of bison and elk 35 
wintering abundance and distribution, and survival, in the Jackson Hole area and on the 36 
National Elk Refuge (NER), provide further understanding of important limiting factors, and help 37 
guide management actions toward those that will have the most direct benefit to achieving 38 
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stated goals and objectives. The Bison and Elk Management Plan (BEMP; USFWS and USNPS 1 
2007a) provides goals, objectives, and strategies related to bison and elk population in the 2 
Jackson Hole area and within the NER. The AM plan is an extension of the BEMP, providing an 3 
adaptive management framework to achieve the goals and objectives of the BEMP. Therefore, 4 
the AM plan is considered a step-down plan to the BEMP and utilizes the goals and objectives 5 
within the BEMP. Strategies from the BEMP were incorporated into additional strategies 6 
considered during the development of the AM plan. The AM plan and associated efforts is an 7 
opportunity to collectively learn from ongoing work to manage elk and bison in the Jackson 8 
Hole area. 9 
 10 
The BEMP contains four goals (Fig. 1) and 20 associated objectives (Appendix I). Completion of 11 
an AM plan to manage bison and elk populations is specific to the Sustainable Populations 12 
BEMP goal (Fig. 2). The Sustainable Populations BEMP goal outlines ‘a phased approach to 13 
reducing the number of animals on [supplementary winter] feed’ feed while achieving 1) 14 
Wyoming Game and Fish Department (WGFD) population objectives for the Jackson Elk Herd 15 
(JEH) and 2) an elk sex ratio in Grand Teton National Park (GTNP) of 35 bulls for every 100 cows. 16 
The first phase sets initial population objectives at 5000 elk on winter feed. The second phase 17 
calls for elk populations that are adaptively managed to “achieve desired conditions, with 18 
animals relying predominantly on native habitat and cultivated forage”. The bison population 19 
objective of 500 animals post-hunting season was determined based largely on maintaining 20 
genetic heterozygosity while minimizing other conflicts (USFWS and USNPS 2007a). Unlike the 21 
second phase elk objective, the bison objective is independent of desired conditions.  22 
 23 
Desired conditions on the NER relate to six criteria to be considered as triggers for management 24 
actions for ‘progressively transitioning from intensive supplemental winter feeding to greater 25 
reliance on free-standing forage’. These considerations are: 1) Level of forage production and 26 
availability on the National Elk Refuge, 2) Desired herd size and ratios, 3) Effective mitigation of 27 
bison-elk-cattle mingling on private lands, 4) Winter distribution patterns of elk and bison, 5) 28 
Prevalence of brucellosis, chronic wasting disease, and other wildlife diseases, and 6) Public 29 
support. For example, forage production desired conditions are articulated in the Habitat 30 
Conservation objective of the BEMP; the current trigger for starting supplemental winter 31 
feeding is based on available forage (see below). Desired herd sizes and ratios are similarly 32 
defined in the BEMP (e.g. Phase 1 NER wintering elk objective of 5000, see above), however a 33 
significant component of the adaptive management plan is determining the number of 34 
wintering elk the NER can support while achieving the other desired conditions.  35 
 36 
The Phase I objective of 5000 elk appears to have originated from Hobbs et al. (2003). This 37 
report, based on three simulation exercises, concluded that “in average SWE [snow-water 38 
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equivalent] winters with average pre-winter precipitation and 500 bison, roughly 16,000 elk can 1 
find forage on the Greater Teton Ecosystem without incurring forage deficits and roughly 5,000 2 
elk can find forage on the NER without incurring deficits.” Hobbs et al. (2003) do not explicitly 3 
define winter in the report, but appendix B of the report describes the ‘entire winter’ as 4 
‘roughly November 1st to July 1st’. Presumably the numbers given in the report represent the 5 
number present throughout the winter period, although this is not explicitly stated. It is 6 
important to note that elk use stored energy reserves during winter, so incurring a forage 7 
deficit does not imply an immediate threat (Hobbs 1989, Cook 2002).  8 
 9 
The number of elk on winter feed on the NER and bison in the Jackson Bison Herd (JBH) 10 
currently exceeds the Phase 1 objective from the existing BEMP (Fig. 1) (USFWS and USNPS 11 
2007a). The JEH, which includes elk wintering on the NER, is within WGFD objective, while the 12 
JBH population is above objective. Therefore the primary issues for reaching Phase 1 population 13 
objectives are related to 1) distribution of elk during winter, and 2) abundance of bison.   14 
 15 

 16 
Figure 1. Hierarchical relationship among the vision, fundamental objectives and Phase 1 17 
objective for elk and bison in the Bison and Elk Management Plan (USFWS and USNPS 2007a). 18 
The Phase 2 wintering elk population objective the National Elk Refuge (NER) is ‘to adaptively 19 
manage …elk populations with animals relying predominantly on native habitat and 20 
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cultivated forage’. The NER winter elk population objective is a sub-objective of the Jackson 1 
elk herd (JEH). 2 
 3 

 4 
Figure 2. Hierarchical relationship among the Sustainable Populations goal, the objective for a 5 
phased approach to reducing the number of animals on feed, and the six considerations for 6 
the adaptive management plan vision, as defined in the Bison and Elk Management Plan 7 
(USFWS and USNPS 2007a). Phase 1 and Phase 2 population objectives for elk on the National 8 
Elk Refuge and bison in the Jackson Hole area are shown in relation to the desired herd size 9 
consideration. 10 
 11 
Population of Interest 12 
A succinct and precise definition of the populations of interest is essential for developing 13 
models of system dynamics and appropriate monitoring, and determining if objectives are 14 
being met. Bison and elk populations of interest differ slightly in definition as stated in the 15 
BEMP objectives. The bison objective is for the post-hunt population within the Jackson Hole 16 
area (the Jackson Bison Herd [JBH]), inclusive of the NER. Conversely, the elk population 17 
objective for the NER is specific to the number of animals on feed at the refuge, and is a sub-18 
objective within the broader Jackson Elk Herd (JEH) (Fig. 2) post-hunt objective set by the 19 
Wyoming Game and Fish Commission (a governor-appointed policy-making board). Elk herd 20 
unit boundaries are determined by the WGFD and represent population boundaries where 21 
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there is an estimated annual interchange with surrounding herds of <10% (Emmerich et al. 1 
2007).  Approximately 65% of the JEH winters on the NER based on February classification 2 
counts (see below for definition of classification counts; USFWS & WGFD unpubl. data). The 3 
Jackson bison herd primarily winters on the NER (~90%), but range much further during the rest 4 
of the year (USFWS & WGFD unpubl. data). Geographic range of bison, figure, etc. It would be 5 
best to include a single figure that delineates the JEH and bison population. Eric has the 6 
shapefiles to update the figure. 7 
 8 
Determining if the BEMP population objectives are being met requires periodic estimates of the 9 
populations of interest. There are two components to the population objectives that need to be 10 
considered — where animals are and when they are there.  The BEMP bison population 11 
objective is the same for the JBH as it is for the NER, i.e., there is not a sub-objective specific to 12 
the Refuge as there is for elk. Moreover, the bison population objective is less temporally 13 
specific than that for elk, the former being an annual post-hunt population objective and the 14 
latter being defined based on the number of animals on feed. This aspect of the elk objective 15 
increases the difficulty in estimating the population of interest due to movements of animals 16 
into and out of feedgrounds during winter feeding. More importantly, the amount of time elk 17 
are on feed varies among years.   18 
 19 
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 1 
Figure 2. Jackson Elk Herd unit boundary, including the National Elk Refuge and Grand Teton 2 
and Yellowstone National Parks. INCLUDE BISON RANGE IN THIS FIGURE. 3 
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While not explicitly stated, the BEMP was written with an assumption that annual classification 1 
counts were to be used as the metric to determine if population objectives were being met, i.e., 2 
as a proxy for the number of elk on feed at the NER. Classification counts are a coordinated 3 
census of the JBH and JEH, collaboratively undertaken during early February by WGFD and the 4 
NER. These counts are undertaken during a single survey period and do not necessarily 5 
represent either peak or cumulative abundance (i.e., the greatest number of animals present 6 
on a single day during a winter, or the sum total of animals present throughout a winter, 7 
respectively) of bison or elk on feed. Elk and bison are enumerated by age and sex classes, 8 
providing population class structure information as well as overall abundance. Elk classes 9 
recorded during the classification count are calf, cow (includes yearlings), spike bull, and 10 
mature bull; bison classes are calf, yearling cow, yearling bull, adult cow, adult bull. A 5-10% 11 
difference typically exists between the classification count estimate and the daily number of elk 12 
on feed during peak abundance. Peak elk abundance on the NER during 2007–2013 occurred 13 
late February through the first week of March (USFWS unpublish. feedline data) (Fig. 3). 14 
Proposed changes to a less conservative feeding program that would result in a later initiation 15 
of winter feeding (see Development of Alternative Management Actions and Strategies 16 
below) could increase the difference between when the classification count is conducted and 17 
peak numbers of elk on feed. A less conservative feeding program could also result in initiation 18 
of feeding on the NER after the classification count has been completed in some years. Lastly, 19 
the classification count may be replaced in the near future by survey (i.e., not a census) 20 
methodology used elsewhere in the state by WGFD for estimating elk abundance. The new 21 
survey methodology may not provide suitable NER-specific estimates of elk abundance for 22 
determining if Refuge population objectives are being met.  23 
 24 
Beyond logistical or methodological considerations, a single elk population estimate in time 25 
would not adequately capture the dynamic nature of elk abundance in relation to winter 26 
feeding on the NER. For example, 5000 elk on winter feed (the current BEMP Phase 1 objective) 27 
for three months would likely have a greater impact on NER habitats than 5000 elk on feed for 28 
a single month. The BEMP Phase 1 elk population objective is not defined by time, leaving it 29 
open for interpretation whether the objective was intended as a mean number of animals fed 30 
during a winter, a maximum number fed, or a cumulative number fed. To address this issue 31 
while staying within the implied intent of the BEMP, we chose elk-fed days (EFD; the cumulative 32 
number of elk fed during a feeding season) as the metric for determining if the elk population 33 
objective is being met. This number combines both the spatial and temporal aspect of animals 34 
on the NER, providing better accounting of potential effects than a single classification count. It 35 
is also believed that this is more consistent with winter carrying-capacity projections estimated 36 
in Hobbs et al. (2003). The Phase I objective of 5000 elk on feed is defined relative to elk-fed 37 
days as  38 
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 1 
𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑑𝑑 ∗ 5000 elk, 2 

 3 
where d is the mean number of days of feeding from 1995–2007 (64 days [SD = 22]). This time 4 
span was selected to maintain consistency with the data used in developing the BEMP. The 5 
benchmark historical value is then 320,000 EFD. Bison-fed days (BFD) can similarly be calculated 6 
as 31,500 BFD for bison using d = 63 days (SD = 22) and the bison population objective of 500 7 
animals. This latter value provides an important historical perspective on winter feeding of 8 
bison and can assist in determining efficacy of management actions toward accomplishing the 9 
bison objective; post-hunt bison abundance will be the definitive number used for determining 10 
if the bison population objective is being met.   11 

 12 
Figure 3. Mean daily elk abundance on the National Elk Refuge during winter feeding, 2007–13 
2013. Data are from feedline counts for calendar dates where feeding occurred during all 14 
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years, i.e., February 12th (calendar date 43) through March 21st (calendar date 80). Counts 1 
were conducted from feeding equipment.   2 
 3 
Limiting Factors – DELETE THIS SECTION, OR EXPAND IN THE MODELING SECTION? 4 
Limiting factors are demographic components that limit population growth of a species. 5 
Identifying limiting factors, perceived and documented, help us better define existing 6 
uncertainty regarding drivers of elk and bison population and potential management actions, 7 
and monitoring to link the two together. In the current situation where management aims to 8 
reduce or limit a population to a specified objective, our understanding of limiting factors can 9 
be capitalized on to regulate population. For example, elk population growth is highly sensitive 10 
to adult female survival (Nelson and Peek 1982, Raithel et al. 2007), and therefore increased 11 
hunter harvest on adult females is a common approach to reduce elk populations. In this 12 
scenario, increased hunter harvest of adult females is the management action that could be 13 
employed to reduce a population to objective. This assumes population abundance is the issue 14 
to be addressed. Conversely, if population distribution is the primary issue to be addressed 15 
management actions to alter animal distribution would be employed.  16 
 17 
Winter distribution of elk and bison on and near the NER is influenced by winter feeding. The 18 
present feeding program is conservative in implementation of feeding to minimize elk 1) winter 19 
mortality of the most susceptible group, calves, and 2) comingling issues with cattle on adjacent 20 
private lands. Therefore, current feeding programs are minimizing a potential limiting factor – 21 
winter mortality. Moreover, winter feeding alters the distribution of elk and bison, which can 22 
result in localized concentrations of animals above stated objectives.   23 
 24 
Development of Alternative Management Actions and Strategies 25 
Alternative management actions were identified during a meeting of stakeholders at the NER 26 
22 May 2013. Alternative actions, and constraints, were developed for the NER winter elk 27 
population and the JBH. A series of further meetings (25 July, 20 August, 12 September, 23 28 
October, and 13 November 2013, and 22 January, 24 February, and 7 April 2014) were held to 29 
create management strategies, i.e., collections of actions that form complete and comparable 30 
alternatives (Gregory et al. 2012).  31 
 32 
Reference case—It is helpful to identify a reference alternative that captures the recent and 33 
ongoing management actions that have led to the current state of the system for comparing 34 
with new alternatives that are developed. Ongoing management actions include winter feeding, 35 
irrigation, harvest, and hazing.  36 
 37 
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Big game population objectives in Wyoming are evaluated and updated at least every five 1 
years. Objectives represent the preferred number of animals during winter within a herd unit 2 
(e.g., the Jackson Elk Herd) and are determined based upon multiple factors, including 1) 3 
available habitat to support the defined population, 2) hunting access, and 3) tolerance for 4 
wildlife on private lands by landowners (Tassell et al. 1995). Public input on proposed 5 
population objectives is obtained during public hearings. After the hearings the proposed 6 
population objectives are sent to the Wyoming Game and Fish Commission for review and 7 
approval. The NER, GTNP, and Bridger-Teton National Forest (BTNF) have participated in WGFD 8 
big game population objective review and revision processes in the past for both the JEH and 9 
JBH. These federal agencies will continue to participate in objective setting for the JEH and JBH 10 
populations. 11 
 12 
The current JEH winter feeding program includes two groups of feedgrounds – one on, and 13 
managed by, the NER, and the second managed by WGFD. The latter are the Alkali, Fish Creek, 14 
and Patrol Cabin feedgrounds, collectively known as the Gros Ventre feedgrounds, located on 15 
BTNF lands. Initiation of feeding is currently conservative, i.e., has the primary objectives of 16 
minimizing elk 1) winter mortality of the most susceptible group, calves, and 2) comingling 17 
issues with cattle on adjacent private lands. Winter feeding begins when available forage 18 
reaches approximately 300 lbs acre-1 at key index sites. Available winter forage for elk and bison 19 
on the NER is largely determined by snow conditions, rate of forage consumption during fall 20 
and winter, and biomass of forage produced during the previous growing season.  21 
 22 
Forage biomass (metric tons) is correlated with the amount of precipitation (mm) during May–23 
August (𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 50.31, R2 = 0.91; 1995 and 1998–2006, NER unpubl. data), and secondarily 24 

affected by the number of irrigated acres.  Refuge-wide herbaceous forage production 25 
averaged 14,387 (SD = 4125) tons during 1998–2013, and in recent years irrigation of 26 
approximately 3,600 acres has increased forage production by approximately 10% compared to 27 
what would have been produced with precipitation alone. Estimation of forage biomass is done 28 
annually based on sampling at index sites. Index sites are selected subjectively each year based 29 
on presence of vegetation highly palatable to elk such as naturally sub-irrigated wet meadows, 30 
irrigated areas with significant green vegetation, and in years with adequate late summer/early 31 
fall precipitation, native dry grassland plant communities with basal green up.  32 
 33 
During 1995–2013, mean initiation of winter feeding on the NER was 28 January, ranging from 34 
30 December to 28 February. Mean termination of winter feeding during this same period was 35 
3 April, ranging from 20 March to 20 April. Initiation and termination dates vary widely based 36 
on winter conditions. Excluding years in which feeding did not occur, mean initiation and 37 
termination dates for winter feeding during 1976–2013 at the Gros Ventre feedgrounds 38 
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occurred during the second week of January and first week of April, respectively (Table 1). This 1 
resulted in approximately 3 months of feeding each year.  2 
 3 
Table 1. Winter feeding mean initiation and termination dates and total days for the Gros 4 
Ventre feedgrounds managed by Wyoming Game and Fish Department. Standard deviations 5 
are provided parenthetically. 6 

Feedground Initiation Date Termination Date Total Days 
Alkali 10 January (18.8) 7 April (13.5) 89 (23.5) 
Fish Creek 9 January (12.3) 4 April (17.1) 85 (21.0) 
Patrol Cabin 11 January (13.5) 4 April (11.6) 84 (19.0) 

 7 
Winter feeding coordination between the NER and WGFD occurs annually. Feeding in the Gros 8 
Ventre feedgrounds is targeted specifically to assist in keeping animals from moving to the NER; 9 
for example, animals are more likely to move to the NER if feeding is occurring there and not at 10 
the Gros Ventre feedgrounds, where the opposite up-slope migration is less likely. Termination 11 
of feeding at feedgrounds needs to be coordinated so animals moving to the NER after feeding 12 
ends on the Gros Ventre feedgrounds do not remain at the refuge. This coordination will 13 
continue regardless of the management strategy employed.  14 
 15 
Bison are fed as necessary to ensure elk are adequately fed. Bison out-compete elk for forage 16 
resources, so the typical strategy is to keep bison at the northernmost NER feedground 17 
(McBride) by feeding them prior to feeding elk. Bison are fed separately from elk and are given 18 
a ration adequate to ensure they do not move to elk feeding areas. This also influences 19 
distribution of bison in the winter, reducing conflict associated with bison moving into 1) 20 
Jackson, and 2) the Nowlin unit of the NER where commercial sleigh rides occur.  21 
 22 
Total harvest of the JEH was reduced over the last decade as the population objective was 23 
reached (Fig. 4). Elk hunting on the NER (Hunt Area 77) typically begins in mid-October and 24 
ends in mid-December, with peak harvest in recent years occurring in late November to early 25 
December.  From 2005 to 2011 an average of 393 (SD = 56) hunters harvested 161 (SD = 38) elk 26 
per year during the NER hunt.  27 
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 1 
Figure 4. Jackson elk herd estimated harvest, 2002–2011. 2 
 3 
Associated with harvest on the NER, “tag and drag” is a retrieval service currently provided by 4 
two licensed outfitters. They are also licensed to guide on the NER. This program will continue 5 
regardless of the management strategy employed.   6 
 7 
Hazing of elk is currently only undertaken in spring to encourage elk (and bison) to move off of 8 
the NER. Attempts at post-hunting/pre-feeding hazing of elk to the north part of the refuge 9 
occurred (e.g., 2005–2006), but were largely ineffective with elk generally returning the 10 
following day to the south end of the NER. These efforts included hazing using ATVs, on foot, 11 
and on horseback. Reducing spring hazing to increase early-season harvest was considered as a 12 
potential action but not included due to 1) the perception that the loss of forage on the Refuge 13 
by resident elk during summer would offset gains due to increased harvest, 2) presence of 14 
wolves on the northern end of the Refuge may preclude the desired response of reduced 15 
hazing to keep elk on the north end of the Refuge, and 3) recently observed aspen recovery 16 
could be reduced if elk use increased on the north end of the Refuge.  17 
 18 
Fencing of hay stacks and livestock feedline areas has historically been used to mitigate conflict 19 
on private lands. Fencing as mitigation on private land will continue in a targeted fashion. For 20 
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example, a proposed mitigation in the Horse Creek area would involve a land trade with a 1 
private landowner to move livestock winter feeding operations off of a south facing slope that 2 
is a movement corridor for elk. Fencing three sides of the private land would separate the 3 
corridor from the livestock feedline. Targeted fencing of golf course greens and sand traps fall 4 
through spring has been successful in some situations for mitigating elk and bison presence in 5 
these areas. It is important to note that the county has a ‘wildlife-friendly’ fence policy and 6 
does not support fencing impermeable to wildlife. 7 
 8 
The outcome of the reference case described above for elk abundance and distribution during 9 
winter in the JEH is shown in table 2. Population objectives for the two feedground complexes 10 
are provided, as are annual elk abundances as measured during the classification count. The 11 
data presented in table 2 demonstrate the potential for reaching the Phase 1 NER winter elk 12 
population objective of 5,000 while remaining within the JEH objective of 11,000 (±10%). 13 
 14 
Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 15 
classification counts, 2011–2013, relative to the current objective. 16 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range* 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 

*Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 17 
  18 
Bison numbers grew exponentially from the 1970s until recently, peaking at 1059 animals in 19 
2007 (Fig. 5). Recent declines in the number of bison are largely attributable to increased 20 
hunter harvest on the NER. Bison hunting begins on August 15 and ends in early to mid-January; 21 
no bison hunting is allowed in GTNP, resulting in bison often staying in the park during the 22 
hunting season with only occasional movements onto the NER until severe winter conditions 23 
occur. Given this situation, harvest management balances extending the hunt as late in January 24 
as practicable without conflicting with winter feeding. The dynamic nature of winter conditions 25 
makes this unpredictable, and results in the use of emergency bison season extensions or 26 
reductions. For example, an emergency extension of the season (no later than 31 January) 27 
could occur if mild winter conditions precluded desired harvest levels earlier in the season. 28 
Conversely, an emergency closure may be necessary if winter weather conditions require 29 
feeding to commence before the predetermined season end date. 30 
 31 
Most bison harvest occurs on the NER, with some additional harvest on private and BTNF lands.  32 
Since the initiation of the bison hunt in 2007, mean harvest has been 210 (SD = 45.5) bison per 33 
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year.  This level of harvest has been sufficient to arrest the exponential growth of the 1 
population, reducing bison numbers from the peak in 2007 to 855 animals in 2013 (Fig 5). 2 
Licensing changes for hunting Jackson Hole bison were enacted in 2014 to increase harvest, 3 
especially of bison females.  These included a reduction in the bison female/calf license fee 4 
(from $416 to $263 for residents and from $2522 to $1022 for non-residents) and eliminating 5 
the once-in-a-lifetime restriction on a successful bison hunter to only those that successfully 6 
harvested a bull. Tribal bison harvest is currently defined in the BEMP to permit up to five 7 
animals for ceremonial purposes; tribal harvest generally occurs outside of the state bison 8 
season. Translocation of bison to tribal lands outside of Teton County is not currently permitted 9 
due to brucellosis concerns.  10 

 11 
 12 
Figure 5. Bison winter population in the Jackson Hole area, 1970–2013.  13 
 14 
Bison would likely occupy the Refuge year-round without management intervention, but as a 15 
result of hazing by refuge staff and disturbance by hunters, peak bison activity on the NER 16 
occurs January–April each year.  If bison fail to leave the NER following the cessation of 17 
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supplemental feeding they are typically hazed off the Refuge using all-terrain vehicles (ATVs) in 1 
late April to early May.  Hazing moves bison to GTNP, where they generally remain until mid-2 
July. From July to early August bison that return to the NER are hazed back to GTNP to protect 3 
forage for elk during the winter months. Hazing efforts in August cease within several days to 4 
weeks of the bison season in an effort to increase hunter harvest.  5 
 6 
National Elk Refuge 7 
Alternative management actions identified for meeting the NER winter elk population objective 8 
can be grouped into four categories, including 1) winter feeding management (both on and off 9 
the NER), 2) population management (harvest, culling, and fertility control), 3) habitat 10 
improvements (on and adjacent to the NER), and 4) mitigating private lands conflicts 11 
(leases/easements, incentives, fencing) (Table 3). The latter represent sequenced alternatives 12 
that would be necessary to implement due to wintering elk dispersing onto private lands 13 
adjacent to the NER in response to other management actions taken. A fifth group of 14 
alternatives associated with increasing public awareness (including local elected officials, e.g., 15 
county commissioners) of ‘natural’ levels of elk winter mortality were included after the 16 
meeting. These actions represent acknowledgement that the current feeding program results in 17 
reduced winter mortality, perhaps exacerbating already low public tolerance to increased 18 
winter mortality, whether episodic or perennial in nature. This group was expanded to include 19 
more targeted education and outreach efforts for landowners, sportsmen and agencies, and 20 
the WGFD Commission, depending on the strategy.  Lastly, a group for each of monitoring and 21 
enforcement were included to allow proper accounting of projected costs associated with each 22 
management action strategy.   23 
 24 
Table 3. National Elk Refuge winter elk population strategy table for identifying alternative 25 
management action strategies. Ongoing management actions that will be continued 26 
regardless of strategy selected are not included in the table; descriptions can be found in the 27 
‘Reference case’ description within the text. 28 

  

Reference 
Case 

NER-
focused 

Southern herd 
segment 
mngmnt 

Late 
Season 
Harvest 

Winter feeding management  
   No change X 
 

X X 
Less conservative (NER)  X 

  Population management  
   No change X 
   Increase harvest objectives in Hunt 

Areas 77 & 78  
 

X 
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Late-season refuge hunt (Hunt Area 
77)  X X X 
Coordinated late-season hunt (Hunt 
Areas 75, 77, 78, 80)    X 
Extend open period on Forest 
Service  

  
X 

Fertility control (Hunt Area 78 & 
GTNP South)  

 
X 

 Hunt Area 78 Hunter management 
program   X  

Habitat improvements  
   No change X 
   Fire management on NER and 

adjacent public land  X X X 
Private lands mitigation  

   No change X 
   Incentivize steer operations  X 

  Non-traditional landuse mitigation   X  
Public education/outreach (EO)  

   No change X 
   Increase public EO (including local 

elected officials)  X X X 
Increase landowner EO  X X 

 Increase sportsmen & agency EO   X  
Increase WGFD Commission EO  X X X 

Monitoring X 
   No change  X X 

 Increase  
   Enforcement  
   No change X 
   Minor increase  X X  

Major Increase  
  

X 
 1 
Winter feeding management—Management of winter feeding is a primary driver of elk 2 
distribution, and to a lesser extent abundance, in the Jackson Hole area. Feeding on the NER is 3 
initiated each year based on a series of factors, including the amount of forage on the NER, 4 
number of elk present, and snow conditions. Initiation of feeding is currently conservative (see 5 
Reference case, pg 5). A less conservative approach would result in later initiation of feeding, 6 
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therefore potentially increasing winter calf mortality and comingling. Including agronomic 1 
grassland plant communities without significant green vegetation and/or reducing the available 2 
forage threshold would result in a less conservative winter feeding program. Per capita ration 3 
levels would not change from the current level.   4 
 5 
Implementing a less conservative feeding program could result in very limited, or no, feeding 6 
given certain winter conditions. However, the criteria for a less conservative feeding program 7 
would not be such that it could be construed as ‘emergency feeding’, i.e., feeding only to 8 
preclude a catastrophic mortality event. Colorado, Idaho, and Utah provide examples of states 9 
that have emergency feeding policies. Existing evidence suggests that emergency feeding is not 10 
very effective (see review in Putman and Staines 2004). Moreover, the current feeding regime 11 
has been developed for non-emergency situations; a review of current rations and pellet 12 
composition would be necessary to adjust the program for emergency feeding.  13 
 14 
Population management—Hunter harvest is the primary tool employed for population 15 
management of elk and bison in Wyoming. Increased harvest objectives on/near the NER would 16 
target the southern segment (Hunt Areas 77 & 78), which is currently more productive (i.e., 17 
higher cow-calf ratios) than other JEH segments. Doing this would help achieve JEH objective 18 
while minimizing harvest on migratory segments. In order to track hunter harvest there would 19 
need to be an increase in monitoring, e.g., hunter self-registration.         20 
 21 
Elk hunting on the NER currently ends mid-December. Offering a late-season hunt (after 15 22 
December) would assist in deterring elk from moving onto the refuge. Without coordinated 23 
hunts in adjacent units (Hunt Areas 75 [GTNP], 78 and 80), and extended open access on BTNF 24 
lands in Hunt Area 80, the NER hunt would likely be ineffective in also significantly increasing 25 
harvest. Late-season harvest in Hunt Area 80 would include migratory Yellowstone elk, a 26 
declining herd segment of conservation concern. These proposed coordinated efforts would 27 
need to be approved by the Commission, BTNF, and GTNP.  28 
 29 
Fertility control was considered and rejected in the 2007 BEMP, so therefore could not be 30 
undertaken on federal lands without vetting in the NEPA process. Moreover, this action would 31 
need approval by the WGFD Commission prior to the state undertaking fertility control on 32 
private lands in collaboration with landowners in Hunt Area 78 and Grand Teton NP South 33 
would occur during summer on private lands. Research completed since signing of the BEMP 34 
indicates fertility control may be more tractable now than when it was considered during 35 
preparation of the BEMP. Killian et al. (2009) demonstrated effectiveness of GonaCon™, a 36 
gonadotropin-releasing hormone vaccine, in female elk. Dart-delivered 2 ml doses of 1000 μg 37 
GonaCon™ resulted in nearly complete infertility of females treated in September. Much of the 38 
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early research on this immunocontraceptive vaccine was for use in white-tailed deer, with 1 
regulatory approval of GonaCon™ for use in female white-tailed deer by the U.S. Environmental 2 
Protection Agency granted in 2010. There are no known dangers to humans or wildlife from 3 
eating animals that have been treated with GonaCon™. 4 
 5 
Most of the observed increase in segment population has occurred in the largely non-migratory 6 
Hunt Area 78 / Grand Teton NP south segment. Increased harvest in this segment would help 7 
address a number of issues, in addition to assisting in reaching Phase I objective. Harvest is 8 
nearly as liberal as possible at this time; the greatest limitation is hunter opportunity in 9 
residentially-developed areas. Elk use in those areas is increasing, necessitating continued 10 
collaboration with homeowner associations to improve hunter access within residential 11 
developments. Many associations have covenants that exclude firearms, but archery may be an 12 
option where firearms are excluded. There is also a growing constituency for trophy bulls in 13 
these areas.  14 
 15 
A hunter management program for Hunt Area 78 would coordinate private land access through 16 
a hunt manager as liaison to private landowners. This program would be modeled after similar 17 
programs in Montana, as well as several in Wyoming (Meteetse, Laramie Peaks, etc.).    18 
 19 
Habitat improvements—Habitat improvements discussed so far have focused on fire 20 
treatments on range adjacent to the NER to increase attractiveness of these areas to wintering 21 
elk. Opportunities exist for managed fire in certain areas, but opportunities for prescribed fire 22 
are limited. Fire treatments in lynx habitat would not be possible, therefore it would be 23 
necessary to determine if a conifer stand was suitable lynx habitat as based on tree cover. 24 
Conversely, areas within sage grouse core habitat (i.e., within a 4 mile radius of a lek) have a 5% 25 
disturbance cap that would similarly preclude fire treatment. Areas mapped as wildland urban 26 
interface (WUI) are available for treatment, but treatments need to be defined as a fuels 27 
reduction.  28 
 29 
There is potential to have fire management areas on the refuge, but the conflict with sage 30 
grouse on the northern portion of the NER, which is identified as sage grouse core habitat, 31 
would need to be addressed. The plan will therefore include prescribed fire even if it isn’t a 32 
primary tool. These changes would represent a small, ephemeral gain at best in changes to 33 
habitat that may result in more elk wintering outside of the NER. Wildland fire use (i.e., wildfire 34 
to meet resource objectives) is authorized forest-wide in the BTNF. Much of the BTNF adjacent 35 
to the NER is within the Gros Ventre Wilderness, which is managed to allow “natural processes 36 
of ecological change to operate freely. The number, size and intensity of fires [are managed to] 37 
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approximate the natural fire regime” (USFS 2013). Benefits from wildland fire use on adjacent 1 
national forest lands are therefore opportunistic in nature. 2 
 3 
Private lands mitigation—Easements and leases have been proposed as a means to minimize 4 
livestock and elk conflict related to brucellosis. Easements would incentivize steer operations 5 
by purchasing from willing sellers the right to have cow/calf pairs. Easements should also 6 
consider all winter feeding of livestock (e.g., horses), certain agricultural crops that are 7 
attractants to elk (e.g., irrigated hay), as well as hunting access. These easements would be 8 
purchased and enforced through agencies and local land trusts. Leases in the Spring Gulch area 9 
are not a suitable solution due to the current level of development; may be an option in Buffalo 10 
Valley assuming the weather allows animals to winter there. Leases/easements would need to 11 
include a statement that the individual would forfeit their right to make a depredation claim to 12 
WGFD.  13 
 14 
Non-traditional landuse mitigation would differ from that described above for traditional 15 
landuses. For example, the Jackson Hole Conservation Alliance is working with subdivision 16 
landowners to install landscaping that is less attractive, and more resistant, to elk and deer. 17 
Similarly, WGFD assesses subdivisions to identify issues for mitigation, and provides input to 18 
real estate developers and in county planning documents. Also, targeted hazing in subdivisions 19 
and golf courses is ongoing and will continue on an as-needed basis. 20 
 21 
Public education/outreach—Each partner agency will have the opportunity to become involved 22 
in the planning and execution of education and outreach (EO) efforts. Increased public EO 23 
efforts will be undertaken regardless of the strategy selected. These efforts will include 24 
increasing public awareness of, and tolerance for, natural levels of winter mortality in elk. This 25 
would be accomplished through local news releases and radio announcements, training for 26 
sleigh-ride contractors that includes information on winter mortality in unfed populations of 27 
elk, etc. Regular updates on the planning process and progress towards meeting objectives set 28 
out in the BEMP will also be provided to the public through NER media outlets. County 29 
Commissions will be included in public EO efforts to make sure they are aware, and supportive, 30 
of the agencies’ efforts.  31 
 32 
Landowner EO would differ between those engaged in more traditional agricultural landuse 33 
(i.e., ranching) and non-traditional landusers (i.e., residential developments, golf courses). The 34 
decision to change a livestock operation from cow/calf to steers (non-breeding) is a major 35 
decision.  It is not expected that ranchers would respond to an article in the paper, news story 36 
on the radio or even a letter.  This kind of effort will require primarily one-on-one interactions 37 
with an individual that has built relationships and trust within the community. This would 38 



20 
 

require a private lands biologist to work with private landowners in the area. The position could 1 
be a shared position among agencies. Conversely, EO focused on homeowners in exurban 2 
developments will focus more on meetings with homeowners’ associations, residential 3 
developers, etc., to provide information regarding living with wildlife, wildlife management and 4 
conservation, etc. All agencies will need to collaborate in initial efforts to reach key landowners 5 
and homeowner associations to convey the objectives and primary issues involved in managing 6 
elk and bison in Jackson Hole, as well as to express the importance of their involvement in the 7 
process. WFGD is currently doing this in some areas, e.g., Hunt Area 78.  8 
Sportsmen EO would include meetings with local and regional sportsmen’s clubs and ideally 9 
articles in club magazines, Wyoming Outdoors, etc.  General newspaper articles could also help 10 
disseminate information. This could be largely accomplished with existing staff.  11 
 12 
Agency EO is happening to some degree through AMP meetings.  It would be helpful to focus 13 
on two different groups; field staff and Regional Office managers.  Field staff are instrumental 14 
in achieving management actions on the ground, but also support changing public opinion in 15 
the local area through their personal interactions outside of work.  Regional office EO is 16 
essential in building the necessary support to obtain project resources and have support when 17 
controversies are elevated to their level.    18 
 19 
WGFD Commissioner EO will require personal contacts coordinated with WGFD.  Top priority 20 
will be the commissioner for this area and perhaps others.  This will include 1) tours of the NER 21 
and GTNP and 2) a briefing on alternative strategies resulting from the AMP. 22 
 23 
Monitoring—Draft once strategies are finalized. 24 
 25 
Enforcement—Draft once strategies are finalized. 26 
 27 
Contstraints 28 
Constraints that were identified for managing wintering elk population on the NER were diverse 29 
and included policy/regulatory, biological, social, and funding constraints, and combinations 30 
thereof (Table 4). The most common constraints were policy related (33%), followed by social 31 
(28%), biological (22%), and funding (17%) constraints. Many of the identified constraints could 32 
be identified in multiple groups; we largely identified constraints as belonging to a single group 33 
to simplify classification.  34 
 35 
Table 4. Management constraints identified for the National Elk Refuge wintering elk 36 
population objective. 37 
Policy constraints 
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Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Easement limitation (NER boundary) 
2007 EIS (rejected fertility control and test and slaughter; limits tribal 

harvest) 
Social constraints 

Hunter numbers 
Winter mortality (social acceptance) 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts 
Fencing/wildlife conflicts 
Migratory segment (maintain summer distribution goals) 

Funding constraints 
Easements 
Fencing 
Fertility control 

 1 
National Elk Refuge Strategy Narratives 2 
Management action strategies were divided into themes based on the focus of the grouped 3 
actions within a strategy. For example, the National Elk Refuge-Focused strategy targets winter 4 
elk distribution through management actions primarily taken on the refuge. The Southern Herd 5 
Segment Management strategy is a set of actions intended to reduce the number, and 6 
productivity, of the largely non-migratory elk in Hunt Areas 75 and 78 while minimizing the risk 7 
of harvest to migratory segments of the JEH. The Late Season Harvest strategy would increase 8 
harvest more generally in the JEH through coordinated late season hunts, with key caveats 9 
outlined below. Several actions were identified as necessary to continue, or implement, 10 
regardless of the strategy selected. Those to be continued are the 1) intra-seasonal 11 
management and coordination between the NER and WGFD Gros Ventre feedgrounds, 2) 12 
fencing for private lands mitigation, and 3) “tag and drag” and guided hunts on the NER and 13 
GTNP. New actions to be implemented across all strategies include 1) a late-season refuge hunt, 14 
2) Fire management on NER and adjacent public land, 3) increased public education and 15 
outreach, and 4) increased WGFD Commission education and outreach. 16 
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   1 
National Elk Refuge-Focused Strategy 2 
The NER-focused strategy is based on altering distribution of elk using management actions 3 
centered primarily on the refuge. This strategy implements actions to make the refuge less 4 
attractive to wintering elk primarily through a less conservative winter feeding program and 5 
initiation of a late-season hunt. This assumes that a proportion of elk that winter on the refuge 6 
can be conditioned to stay on adjacent winter range based on decreasing the incentive (later 7 
initiation of feeding) and increasing the disincentive (late season hunt) to moving onto the 8 
refuge. Incentivizing steer operations on private lands would be undertaken to address the 9 
increased proportion of elk that may winter on adjacent private lands. Similarly, education and 10 
outreach to private landowners is included in this effort to increase acceptance of elk wintering 11 
on private lands adjacent to the NER. Increased enforcement on the NER would also be 12 
necessary due to the addition of the late-season hunt.  13 
 14 
Southern Herd Segment Management Strategy 15 
The southern herd segments (Hunt Area 78 and GTNP South) are increasing absolutely and 16 
proportionally within the JEH. Conversely, migratory segments (i.e., elk that summer in 17 
Yellowstone NP and Gros Ventre Wilderness) of the JEH are stable to declining. The Southern 18 
Herd Segment Management Strategy focuses management actions at slowing, or reversing, the 19 
growth of the southern herd segments. Proposed actions include increasing harvest through 20 
the development of a hunter management program, a program that also helps address private 21 
lands mitigation. Targeted fertility control on private land summer range could also be 22 
explored by WGFD, but would need to go through the proper approval process (i.e., WGFD 23 
Commission). This action was considered and rejected in the BEMP. Increased outreach to 24 
sportsmen and agencies, and landowners, would be undertaken; the former is due to the 25 
potential for fertility control and the latter is for increasing awareness of landowners of the 26 
efforts to reduce the southern herd-segment. Increased harvest is localized by this strategy, 27 
minimizing the potential impact of increased harvest on the migratory segments. Increased 28 
enforcement on the NER would also be necessary due to the addition of the late-season hunt. 29 
 30 
Late Season Harvest Strategy 31 
The Late Season Harvest Strategy represents a broader, landscape scale approach to achieving 32 
the Phase I elk objective. A coordinated (i.e., NER, WGFD, GTNP, BTNF) late season hunt in Hunt 33 
Areas 75, 77–78, and 80 would occur. Approval would need to be obtained for extending, or 34 
moving, the current season in GTNP to allow later harvest. Lastly, the current December 1st 35 
closure to protect wintering ungulates in Hunt Area 80 on BTNF lands would need to be 36 
modified through an environmental review process to allow hunter access into that area. 37 
Currently the JEH could be reduced by approximately 1,000 animals before being below 38 
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objective (11,000 ± 10%). A WGFD Commission approved reduction in the JEH could be 1 
investigated if the efforts of this strategy did not result in reaching the NER Phase I elk 2 
objective. An increase in enforcement would be necessary if this strategy was implemented.  3 
 4 
National Elk Refuge Strategy Consequences 5 
 6 
Considered but not included in the consequences table (covered in the EIS) – average annual 7 
private sector revenue; altered archeological resources; 8 
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Table 5. Predicted consequence table for the National Elk Refuge (NER) elk population on feed alternative management action 
strategies. This table is not currently cited in the text  

Objectivea/Decision 
Considerationb Evaluation criteria 

Reference 
Condition 

NER-
focused 

Southern herd 
segment mngmnt 

Late season 
harvest 

Elk-fed daysa Years to reach objective     

Herd segment 
distributionb 

Proportion long-distance 
migrants 

    

Financialb 

Average annual additional costs 
to agencies ($000) 

    

Commercial landuse additional 
costs 

    

Socialb 

Sportsman/outfitter support     

Environmental group support     

Commercial landowner support     

Residential landowner support     

Safetyb Animal/vehicle collisions     

aThe identified objective from the BEMP Phase I for this table is 5000 elk on winter feed at the NER, which has been converted to 
elk-fed days (see Population of Interest above). 
bAdditional decision considerations and evaluation criteria were identified by the working group for comparison among strategies. 
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Bison 
Alternative management actions for bison on the NER and adjacent areas included several 
developed for the NER wintering elk population objective in addition to those solely developed 
for bison (Table 6). Most of the actions identified were related to bison harvest in an effort to 
influence hunter access or success.  
 
Table 6. Bison population strategy table for identifying alternative management action 
strategies.  

  

Reference 
Case 

Hunter 
Harvest 

Alternative 
Reduction 

Actions 
Population management 

   No change X 
  

Improve late-season access to north 
end of NER for hunting and carcass 
retrieval 

 
X X 

Parking lot origination management 
 

X X 
Alternative reduction actions*   X 

Hazing 
   

No change 
   

Haze bison found south and east of 
Flat and Nowlin creeks  

X X 

Service-accompanied hunters  X X 
Habitat improvements 

   
No change X 

  
Fire management on NER and 
adjacent public land  

X X 

Water source improvements    
Private lands mitigation    

NER south-boundary improvement    
Public education/outreach (EO) 

   
No change X 

  
Increase education and outreach 

 
X X 

Monitoring 
   

No change 
   

Enforcement 
   

No change 
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Increase 
   

*Beyond the scope of this plan and may require NEPA review. 
 
Population management—Hunter harvest of bison since 2007 has led to an appreciable 
reduction in the population (Fig. 5). Further efforts to increase hunter harvest are intended to 
reduce the number of years necessary to reach the bison population objective. Most of the 
actions identified are related to increasing opportunity and success at the existing level of 
hunter numbers. The current number of hunters each year is believed to be a maximum 
number allowable while still providing a quality, and safe, hunting experience.   
 
Efforts to improve late-season access to the north end of the NER for hunting and carcass 
removal could facilitate increased harvest. Existing retrieval roads become impassable late in 
the hunting season due to snow, and can, for example, preclude hunters from using the West 
Parking Area or retrieving carcasses on the northern portion of the refuge. Keeping these roads 
open may be difficult in heavy snow years, requiring a bulldozer in some situations. 
Alternatively, over-the-snow vehicles could be considered for carcass retrieval on existing 
refuge roads. Hunter access easements across private lands on the northeast corner of the NER 
will be explored as another means of providing access to that portion of the refuge for hunting 
and carcass retrieval. 
 
Hunters must originate from a designated parking area for hunting bison on the NER. All but 
one designated parking area are within the NER. Access to the northwest portion of the NER is 
via a parking area within and managed by GTNP in collaboration with the NER. Accessing the 
refuge for hunting from BTNF lands along the eastern boundary of the NER was historically not 
allowed. The refuge will continue to manage hunter distribution using parking-lot origination in 
an effort to encourage bison to move onto, and remain, on the refuge. Hunters with a NER 
permit will also be allowed to access the refuge from adjacent BTNF lands.   
 
Continuous review of population management actions implemented for reaching the bison 
population objective will be undertaken during the life of this plan. If management actions 
outlined in this plan prove ineffective for reaching the objective, other actions that fall outside 
the scope of this plan may be considered, e.g., agency cull, herd-wide fertility control. Such 
actions may require evaluation as per the NEPA.  
 
Culling of bison is currently not used as a population management action. Including an agency 
bison cull as a potential population management action in this plan does not imply agency 
approval at this time and would only receive further consideration upon meeting several 
criteria. Consideration of an agency cull would include meeting National Environmental Policy 
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Act (NEPA) requirements. WGFD policy prevents elk hunting past January 31st to minimize 
hunter exposure to Brucella abortus (the bacteria that causes brucellosis). This policy is specific 
to elk at this time, but the same concerns exist for late-season bison harvest. Between February 
1st–15th WGFD personnel can harvest animals and the animals can be donated; animals killed 
after February 15th must be disposed of in a landfill.  
 
Herd-wide fertility control of bison was considered and rejected in the BEMP. A review of 
fertility control in wildlife, current at the time of approval of the BEMP, can be found in 
Appendix B of the final Environmental Impact Statement (EIS) (USFWS and USNPS 2007b). Need 
to gather more details on the current state of knowledge for this technique – would it be 
possible to have the WGFD vet draft a few sentences, with current citations, for this purpose? 
Seems like this would have to occur on the feedline to be efficient and effective, which would 
trigger NEPA. Bison primarily occur on federal lands, so proposed implementation of this action 
would necessitate following NEPA requirements.  
 
Hazing—Reduction, or elimination, of winter feeding will likely result in bison having a broader 
winter distribution in Jackson Hole. This could lead to more frequent use of the Nowlin unit by 
bison; the Nowlin unit is where commercial sleigh rides are conducted. Moreover, increased 
bison use of the southern portion of the NER beyond the Nowlin unit increases the potential for 
bison to enter the town of Jackson. For public safety and to minimize conflict in the Nowlin unit, 
bison will be hazed north if found south of a boundary starting at the Twin Creek Subdivision, 
west along Elk Refuge Road to Nowlin Gate, north and west along Hunter Retrieval Road 22 (an 
administrative road), north along Hunter Retrieval Road 22 to the Refuge Barns, west along 
Nowlin Creek to the confluence of Flat Creek, and north along Flat Creek to the northern 
boundary of the Jackson National Fish Hatchery.  
 
Service-accompanied hunters in NER management units south of the bison hazing line defined 
above could be used to haze bison north of the hazing line.  
 
Habitat improvements—Fire management on NER and adjacent public land to increase 
attractiveness for bison would be the same as described above for elk (pg X). The objective, 
however, differs in that the purpose of attracting and holding bison on the refuge would be 
primarily to increase susceptibility of bison to harvest.  

Water sources on the east side of the NER would be modified to increase flow rates, improve 
bison access to water, encourage bison use and potentially increase early season 
harvest.  Existing springs known as waterhole 2 and waterhole 3 currently have defunct bore 
hole pipes with limited water flows.  These would be repaired or replaced to ensure late 
summer water flow and encourage bison use at these locations. 
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Private lands mitigation—Bison primarily occur on public lands (i.e., NER, GTNP, and Bridger-
Teton National Forest), and when they do occur on private lands WGFD has the authority to 
haze or lethally remove bison for safety or private lands damage concerns (WGFC regulations, 
chapter 56). There is the potential for increased private lands conflict if winter feeding is 
reduced or eliminated on NER. For example, bison may move further south when feeding does 
not occur, increasing the potential for bison in Jackson. To reduce the likelihood of bison 
moving from the Refuge into Jackson, a double cattle guard will be installed on Elk Refuge Road 
at the boundary with East Broadway and at the gate where the town accesses the municipal 
water wells.  
 
Public education/outreach—Public education and outreach for bison management will be 
integrated into EO provided for elk management (see pg. X). There are important differences 
between bison and elk biology and management that will be articulated. The bison population 
objective differs from the elk objective, with the former based primarily on maintaining genetic 
heterozygosity while minimizing conflict (USFWS and USNPS 2007a). Bison winter feeding is 
conducted primarily to eliminate conflict with elk on feedgrounds, which is fundamentally 
different than the objective for feeding elk to sustain the JEH through winter with minimal 
mortality. Winter feeding of bison precludes other conflicts that would occur if bison were 
more broadly distributed within Jackson Hole, e.g., bison in the town of Jackson and the 
associated public safety conflict. As winter feeding is reduced, or eliminated, efforts will be 
made to manage potential increased conflict, but public acceptance of increased conflict will be 
necessary. There are important biological differences between bison and elk that will be 
highlighted. For example, during 2007–2013 the JBH had greater than twice the ratio of calves 
to females in winter compared to elk of the JEH (0.47 [SD = 0.05] for bison and 0.22 [SD = 0.03] 
for elk; WGFD, unpubl. data). During the six-year period taken to complete the BEMP the bison 
population grew exponentially, increasing from 627 animals in 2002 to 1059 in 2007 (Fig. 5; 
WGFD, unpubl. data). Management challenges can also differ between bison and elk. Bison 
female-calf groups spend much of the year in GTNP, where no harvest is permitted, and move 
to the Refuge as winter conditions reduce forage availability in GTNP. Female-calf groups 
largely do not use BTNF lands adjacent to the NER or GTNP, which constrains population 
management using hunter harvest to a relatively limited area on the NER. This can lead to 
dense concentrations of animals and hunters on the NER, which can result in hunter conflict.  
 
Increased EO to state agencies, e.g. the Department of Agriculture and state veterinarian, will 
be included as part of this action. The range of bison will likely expand as feeding is 
reduced/eliminated, potentially leading to more conflict on private agricultural and developed 
lands. 
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Monitoring— Draft once strategies are finalized. 
 
Enforcement— Draft once strategies are finalized. 
 
Constraints 
Constraints unique to bison management were largely related to disease transmission concerns 
and related policy (Table 7). For example, it is not currently possible to move bison out of the 
county, nor are bison currently allowed in the Gros Ventre near WGFD feedgrounds. Several 
identified alternative actions, fertility control and test and slaughter, were considered and 
rejected in the 2007 Environmental Impact Assessment (EIS) for the Bison and Elk Management 
Plan. The 2007 EIS similarly limits tribal harvest of bison. Moreover, there is uncertainty if an 
effective bison fertility control exists, which is a technological constraint. What constraints 
from the NER wintering elk constraints table should be carried over to the bison constraints 
table? 
 
Table 7. Management constraints identified for the bison population objective. 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Cumbersome hunt regulations 
Hunter access (especially from north of the NER) 
Easement limitation (NER boundary) 
Current restriction on moving bison out of county 

Social constraints 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Vendor numbers (are there enough for bison removals?) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts (fire) 
Fencing/wildlife conflicts 
Grizzly bear conflicts (potential) 

Funding constraints 
Easements 
Fencing 
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Fertility control 
Technological constraints 

Fertility control 
 
Note/reminder from initial fall meeting Nov. 2012: “Three-pronged approach” 1) how to use 
hunters to reduce #s, 2) how to get more on native, 3) explicit metric for winter mortality that is 
acceptable.  
 
Include a paragraph or two that describes 1) how phases are related to each other, 2) when we 
will claim we’ve been successful in Phase I, 3) how Phase II will be implemented (i.e., stepwise 
or all at once after success with Phase I, 4) whether meeting bison and elk objectives 
simultaneously will be necessary to begin implementing Phase II.  
 
Disease management – current plan doesn’t address CWD explicitly except to state that NER 
will work within WGFD’s plan (should be out 2015). Need to write justification for increased 
emphasis on managing CWD threat. This is in conflict with brucellosis objectives that state 
feeding will be used to minimize co-mingling. Use easements for the latter and to balance CWD 
management.  
 
Does the current distribution of collared animals represent animals on native range? The 
latter are under-represented in the sample. Assuming main influence on aspen is from elk on 
winter feedgrounds. 
 
Need to provide justification for just including aspen – explain aspen as an umbrella for other 
habitats. Aspen regeneration more responsive to management actions; highly-preferred by 
elk. 
 
Bison impact on wet meadow; will we keep reducing elk due to bison? Need to consider 
monitoring bison. Can we go lower than 500 or is it firmly set? 
 
Changes that have occurred since completion of BEMP – Winter distribution of elk has 
changed, calf ratios have declined excluding short-distance migrant segment, wolf presence 
may have exacerbated this, bison numbers, fires in Gros Ventre, habitat management to hold 
elk in GTNP. All agencies agreed the plan was doable but the distributional shifts challenge 
that currently – S.Cain…graph of proportional distribution of elk on feedgrounds (has 
increased as animals on native range have declined). Write this up and share with the group 
for edits. 
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Do we provide a set date of adjusting feeding criteria to build collaboration with publics who 
will be influenced by the change (public outreach)? The adaptive part is figuring out what 
number of elk the refuge can support, less so how to reduce numbers on winter feed. Will 
likely push off winter feeding regardless in an effort to maximize bison harvest (i.e., late 
January season). 
 
Include a summary of the actions in this plan that tier off of the BEMP vs. those that would 
trigger NEPA. This would include defining strategies succinctly and the threshold that would 
trigger NEPA. In this way we can move forward with actions that step down from the BEMP 
and have a trigger for initiating NEPA if, and only if, necessary.   

1) Removed ‘Grand Teton NP harvest’ from the bison alternatives table because it was not 
in the BEMP and would therefore trigger NEPA and an act of Congress would be 
necessary (for a hunt, not a cull). A bison cull in GTNP would still trigger NEPA. Included 
agency cull (see below).  

2) Test and slaughter for bison was reviewed and rejected in the BEMP – many reasons to 
not do it.  

3) An agency bison cull would trigger NEPA 
4) Herd-wide fertility control in bison would similarly trigger NEPA 
5) Elk fertility control in GTNP south? This is currently an action in an elk strategy that 

would trigger NEPA, yet we haven’t excluded it from the main plan, simply stated it 
would need NEPA. 

 
Wolf management to facilitate elk winter use of native range. 
 
We need to make sure the co-mingling mitigation tools are articulated and implementable; 
this can be started as soon as possible so that when we start adjusting feeding to change elk 
distribution we are a bit ahead of the game.  
      
 
 
Models 
If the fundamental objective is to minimize the number of animals on feed we need to 
conceptualize the relationship between elk density and winter feeding. To do this I thought it 
would be easiest to define the proportion of Kcal in elk diets from feed as a function of elk 
density while accounting for standing forage. I created a figure to represent this; no feeding 
occurs at low densities of elk (<1 animal per 300 lbs available forage), then asymptotically 
approaches all Kcals coming from feed as density increases. We can change the threshold of 



32 
 

when feeding starts as necessary.

 
While this simple model helps us think through winter feeding and elk numbers, it ignores elk 
survival as a function of available forage. I don’t think we can ignore that, especially calf 
survival? It seems to me that what we are trying to do is 1) encourage elk to distribute 
themselves more broadly by being less conservative with winter feeding (i.e., change the 
shape of the figure above) and conducting late-season hunts, while 2) staying within an 
acceptable range of winter mortality, especially calf mortality. I’ve been thinking about this in 
this manner since Tim’s comments on winter survival at the last meeting. I understand that 
we’re working toward achieving desired conditions, but I imagine we’ll quickly lose public 
support if they see a pile of dead calves. And I don’t think they’ll view sparing aspen from elk 
browse is worth that.  
 
Here’s a figure of the hypothesized relationship between calf survival and available forage.  
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We could use existing information to estimate the two relationships represented in the 
figures, which would provide us with a set of models to predict winter calf mortality as a 
function of available forage, and then see where we can get with less conservative winter 
feeding. This would allow us to articulate to the public that we’re trying to not go above 
some level of calf mortality while reducing the number of elk on the refuge by being less 
conservative with feeding. If we can’t successfully reduce the number of elk on feed without 
going beyond the calf mortality rate deemed acceptable then we’ll know we need to 1) get 
support for possibly allowing higher calf mortality, 2) use some other identified action to 
distribute elk during winter, or 3) reduce the overall objective/number of elk.   
 
We could concurrently monitor aspen condition so that as we alter distribution of animals on 
the refuge we learn how that influences the likelihood of aspen growing through the browse 
zone. This would allow us to relatively seamlessly transition into phase 2 of the plan.  At that 
point the question becomes ‘can aspen reached desired condition when we maximize the 
number of elk on standing forage at the current population level (density).  
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Adaptive management uses models of the managed system to link the objective response (e.g., 
desired habitat condition) to changes in the system resulting from management actions (e.g., 
altered elk distribution).  
 
We need to have a spatially-explicit model (set of models) that links desired conditions to elk 
and bison abundance and distribution. If we divide the refuge into 16 ha (40 acre) blocks we 
can then build a model to predict desired condition in that block during a period of time in 
response to elk and bison use. The latter is similar to EFD and BFD in needing to combine 
abundance and time animals are in a block. From a management perspective this is most 
influenced by feeding and harvest. Desired habitat condition is a function of animal use 
 

𝐸𝐸𝐷𝐷𝑡𝑡(𝑝𝑝) = 𝑓𝑓(𝑈𝑈𝑡𝑡(𝑝𝑝)), 
   
where 𝐸𝐸𝐷𝐷𝑡𝑡(𝑝𝑝) is the desired condition in block i during time t and 𝑈𝑈𝑡𝑡(𝑝𝑝) is the combined use of 
block i during time t by elk and bison. Takes a special case of circumstances to have escapement 
occur. (this can be separated so each species has its own term and they are additive – not 
sure how that would look, but seems easily doable). Use is the product of animal abundance in 
block i in time t, 𝑛𝑛𝑡𝑡(𝑝𝑝), and days present, 𝑑𝑑𝑡𝑡(𝑝𝑝) (may be more realistic to have larger time frame, 
e.g. weeks, that is realistic from a monitoring perspective), such that  
 

𝑈𝑈𝑡𝑡(𝑝𝑝) = 𝑛𝑛𝑡𝑡(𝑝𝑝)𝑑𝑑𝑡𝑡(𝑝𝑝). 
 

Animal abundance, n, in turn, is a function of the proportion of animals (𝑝𝑝𝑡𝑡(𝑝𝑝)) present in block i 
at time t 
 
 

𝑛𝑛𝑡𝑡(𝑝𝑝) = 𝑝𝑝𝑡𝑡(𝑝𝑝)𝑁𝑁𝑡𝑡, 
 
where 𝑁𝑁𝑡𝑡 is the total population during time t. Lastly, 𝑝𝑝𝑡𝑡(𝑝𝑝) can be described as a function of 
hunting, winter feeding, and other block attributes (this latter group should be included at a 
general level and is something we need to discuss; most of our interest lies in the response of 
animals to hunting and feeding).  
 
We assumed a negative linear effect of winter feeding on animal use of a block, i.e., use 
increases linearly with decreasing distance from a feedground. The influence of hunting on 
animal use in a block was assumed to have a pseudo-threshold functional form. This accounts 
for the discrete boundaries between open- and closed-hunt units such that the effect of 
hunting on animal use declines rapidly with distance from open-hunt units and approaches an 
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asymptote. What are the attributes of each cell that predict use – distance to feed grounds, 
hunt management, aspect, slope, distance to road, fencing. This is a significant component we 
need to figure out. I can try to provide some examples to help with the conversation. The 
other big component to work through is what exactly DC is – I’m still partial to working this 
this using aspen as an example. ‘Heavy lifting is defining DC and quantifying it’ (Kerry). We 
may find that to be about as much as can be handled with current resources. If that is true, 
we’ll have to think through how we can justify just one (or maybe 2-3) of the desired 
conditions for monitoring. If cottonwoods are less preferred than aspen we can probably 
easily get away from intense monitoring of cottonwoods by assuming they are likely doing 
well if aspen are. Different story for willows, but maybe it will take fence to get willows back 
at nearly any level of elk/bison at this point.   
 
Monitoring 
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APPENDIX I 
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Goals: 
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Figure 1.A1. Schematic representation of Bison and Elk Management Plan vision, goals, objective categories, objectives, measureable attributes and performance criteria. Bolded boxes and arrows represent the objective 
outlining the phased approach to population management by adaptively managing elk and bison populations for desired conditions. Stippled boxes represent measureable attributes and performance criteria for desired 
conditions defined in the National Elk Refuge Comprehensive Conservation Plan. Grayed-out boxes represent objectives, measurable attributes, and performance criteria wholly (e.g., public education) or largely (e.g., 
invasive species management) independent of desired conditions related to elk and bison population objectives, and therefore not considered in this plan. 
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Performance Criteria 

5000 Elk 
500 Bison; 

Desired  
Habitat 

Conditions  

35 Bulls: 
100 Cows 

500  11000    

‘Manage bison and elk in a manner that contributes to the state’s herd objectives 
yet allows for the biotic integrity and environmental health of the resources to be 

sustained (BEMP Desired Conditions). 
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Introduction 1 
 2 
Uncertainty regarding how to reach objectives for elk and bison populations, desired habitat 3 
conditions, and disease management in Jackson Hole remains after many years of study and 4 
debate. Determining an effective set of management actions to meet multiple and potentially 5 
conflicting objectives is needed. In an effort to address this, an adaptive management (AM) 6 
approach is being undertaken (Walters 1986). There are four essential elements to an adaptive 7 
management approach: 1) well defined and mutually agreed upon objectives, 2) clearly 8 
articulated management actions and strategies, 3) a model, or competing models, describing 9 
the dynamics of the system being managed, and 4) a monitoring program to quantify system 10 
response to management and allow estimation of the difference between the observed and 11 
predicted (from the model or models) system response. A fifth component, optimal decision 12 
making, is also included in some AM efforts. The AM approach is ‘adaptive’ because learning 13 
through management experiments (management actions implemented to change the state of 14 
the system) occurs. In single-model AM projects the learning results in better estimates of the 15 
effects included in the model, i.e., there is less uncertainty about how the system will respond 16 
to management actions. In multiple-model AM projects learning occurs through the 17 
competition of models in the model set. Each model provides a representation of a competing 18 
idea (hypothesis) about how the system works. The model that best predicts system response 19 
to management provides support that the hypothesis it represents is a better description of the 20 
system than the other hypotheses, reducing uncertainty about the system being managed.    21 
 22 
Uncertainty abounds in wildlife conservation and management.  For example, how survival and 23 
distribution of bison and elk will respond to different management actions is only modestly 24 
predictable. Similarly, what number of elk and bison the area can support based on desired 25 
conditions is largely unknown, and likely varies in response to environmental variation (e.g., 26 
weather, habitat heterogeneity). These types of uncertainty are often referred to as process 27 
error, i.e., imperfect knowledge of the biological system being managed. A second type of 28 
uncertainty is related to our inability to conduct a complete census of a population, i.e., partial 29 
observability (Williams 1997). This is sampling variation associated with wildlife monitoring, 30 
also commonly referred to as observation error (Hilborn and Mangel 1997). Process and 31 
observational error create uncertainty that limits a manager’s ability to make informed 32 
management decisions.  33 
 34 
The Bison and Elk AM plan will embrace existing uncertainty regarding drivers of bison and elk 35 
wintering abundance and distribution, and survival, in the Jackson Hole area and on the 36 
National Elk Refuge (NER), provide further understanding of important limiting factors, and help 37 
guide management actions toward those that will have the most direct benefit to achieving 38 
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stated goals and objectives. The Bison and Elk Management Plan (BEMP; USFWS and USNPS 1 
2007a) provides goals, objectives, and strategies related to bison and elk population in the 2 
Jackson Hole area and within the NER. The AM plan is an extension of the BEMP, providing an 3 
adaptive management framework to achieve the goals and objectives of the BEMP. Therefore, 4 
the AM plan is considered a step-down plan to the BEMP and utilizes the goals and objectives 5 
within the BEMP. Strategies from the BEMP were incorporated into additional strategies 6 
considered during the development of the AM plan. The AM plan and associated efforts is an 7 
opportunity to collectively learn from ongoing work to manage elk and bison in the Jackson 8 
Hole area. 9 
 10 
The BEMP contains four goals (Fig. 1) and 20 associated objectives (Appendix I). Completion of 11 
an AM plan to manage bison and elk populations is specific to the Sustainable Populations 12 
BEMP goal (Fig. 2). The Sustainable Populations BEMP goal outlines ‘a phased approach to 13 
reducing the number of animals on [supplementary winter] feed’ feed while achieving 1) 14 
Wyoming Game and Fish Department (WGFD) population objectives for the Jackson Elk Herd 15 
(JEH) and 2) an elk sex ratio in Grand Teton National Park (GTNP) of 35 bulls for every 100 cows. 16 
The first phase sets initial population objectives at 5000 elk on winter feed. The second phase 17 
calls for elk populations that are adaptively managed to “achieve desired conditions, with 18 
animals relying predominantly on native habitat and cultivated forage”. The bison population 19 
objective of 500 animals post-hunting season was determined based largely on maintaining 20 
genetic heterozygosity while minimizing other conflicts (USFWS and USNPS 2007a). Unlike the 21 
second phase elk objective, the bison objective is independent of desired conditions.  22 
 23 
Desired conditions on the NER relate to six criteria to be considered as triggers for management 24 
actions for ‘progressively transitioning from intensive supplemental winter feeding to greater 25 
reliance on free-standing forage’. These considerations are: 1) Level of forage production and 26 
availability on the National Elk Refuge, 2) Desired herd size and ratios, 3) Effective mitigation of 27 
bison-elk-cattle mingling on private lands, 4) Winter distribution patterns of elk and bison, 5) 28 
Prevalence of brucellosis, chronic wasting disease, and other wildlife diseases, and 6) Public 29 
support. For example, forage production desired conditions are articulated in the Habitat 30 
Conservation objective of the BEMP; the current trigger for starting supplemental winter 31 
feeding is based on available forage (see below). Desired herd sizes and ratios are similarly 32 
defined in the BEMP (e.g. Phase 1 NER wintering elk objective of 5000, see above), however a 33 
significant component of the adaptive management plan is determining the number of 34 
wintering elk the NER can support while achieving the other desired conditions.  35 
 36 
The Phase I objective of 5000 elk appears to have originated from Hobbs et al. (2003). This 37 
report, based on three simulation exercises, concluded that “in average SWE [snow-water 38 
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equivalent] winters with average pre-winter precipitation and 500 bison, roughly 16,000 elk can 1 
find forage on the Greater Teton Ecosystem without incurring forage deficits and roughly 5,000 2 
elk can find forage on the NER without incurring deficits.” Hobbs et al. (2003) do not explicitly 3 
define winter in the report, but appendix B of the report describes the ‘entire winter’ as 4 
‘roughly November 1st to July 1st’. Presumably the numbers given in the report represent the 5 
number present throughout the winter period, although this is not explicitly stated. It is 6 
important to note that elk use stored energy reserves during winter, so incurring a forage 7 
deficit does not imply an immediate threat (Hobbs 1989, Cook 2002).  8 
 9 
The number of elk on winter feed on the NER and bison in the Jackson Bison Herd (JBH) 10 
currently exceeds the Phase 1 objective from the existing BEMP (Fig. 1) (USFWS and USNPS 11 
2007a). The JEH, which includes elk wintering on the NER, is within WGFD objective, while the 12 
JBH population is above objective. Therefore the primary issues for reaching Phase 1 population 13 
objectives are related to 1) distribution of elk during winter, and 2) abundance of bison.   14 
 15 

 16 
Figure 1. Hierarchical relationship among the vision, fundamental objectives and Phase 1 17 
objective for elk and bison in the Bison and Elk Management Plan (USFWS and USNPS 2007a). 18 
The Phase 2 wintering elk population objective the National Elk Refuge (NER) is ‘to adaptively 19 
manage …elk populations with animals relying predominantly on native habitat and 20 
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cultivated forage’. The NER winter elk population objective is a sub-objective of the Jackson 1 
elk herd (JEH). 2 
 3 

 4 
Figure 2. Hierarchical relationship among the Sustainable Populations goal, the objective for a 5 
phased approach to reducing the number of animals on feed, and the six considerations for 6 
the adaptive management plan vision, as defined in the Bison and Elk Management Plan 7 
(USFWS and USNPS 2007a). Phase 1 and Phase 2 population objectives for elk on the National 8 
Elk Refuge and bison in the Jackson Hole area are shown in relation to the desired herd size 9 
consideration. 10 
 11 
Population of Interest 12 
A succinct and precise definition of the populations of interest is essential for developing 13 
models of system dynamics and appropriate monitoring, and determining if objectives are 14 
being met. Bison and elk populations of interest differ slightly in definition as stated in the 15 
BEMP objectives. The bison objective is for the post-hunt population within the Jackson Hole 16 
area (the Jackson Bison Herd [JBH]), inclusive of the NER. Conversely, the elk population 17 
objective for the NER is specific to the number of animals on feed at the refuge, and is a sub-18 
objective within the broader Jackson Elk Herd (JEH) (Fig. 2) post-hunt objective set by the 19 
Wyoming Game and Fish Commission (a governor-appointed policy-making board). Elk herd 20 
unit boundaries are determined by the WGFD and represent population boundaries where 21 
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there is an estimated annual interchange with surrounding herds of <10% (Emmerich et al. 1 
2007).  Approximately 65% of the JEH winters on the NER based on February classification 2 
counts (see below for definition of classification counts; USFWS & WGFD unpubl. data). The 3 
Jackson bison herd primarily winters on the NER (~90%), but range much further during the rest 4 
of the year (USFWS & WGFD unpubl. data). Geographic range of bison, figure, etc. It would be 5 
best to include a single figure that delineates the JEH and bison population. Eric has the 6 
shapefiles to update the figure. 7 
 8 
Determining if the BEMP population objectives are being met requires periodic estimates of the 9 
populations of interest. There are two components to the population objectives that need to be 10 
considered — where animals are and when they are there.  The BEMP bison population 11 
objective is the same for the JBH as it is for the NER, i.e., there is not a sub-objective specific to 12 
the Refuge as there is for elk. Moreover, the bison population objective is less temporally 13 
specific than that for elk, the former being an annual post-hunt population objective and the 14 
latter being defined based on the number of animals on feed. This aspect of the elk objective 15 
increases the difficulty in estimating the population of interest due to movements of animals 16 
into and out of feedgrounds during winter feeding. More importantly, the amount of time elk 17 
are on feed varies among years.   18 
 19 
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 1 
Figure 2. Jackson Elk Herd unit boundary, including the National Elk Refuge and Grand Teton 2 
and Yellowstone National Parks. INCLUDE BISON RANGE IN THIS FIGURE. 3 
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While not explicitly stated, the BEMP was written with an assumption that annual classification 1 
counts were to be used as the metric to determine if population objectives were being met, i.e., 2 
as a proxy for the number of elk on feed at the NER. Classification counts are a coordinated 3 
census of the JBH and JEH, collaboratively undertaken during early February by WGFD and the 4 
NER. These counts are undertaken during a single survey period and do not necessarily 5 
represent either peak or cumulative abundance (i.e., the greatest number of animals present 6 
on a single day during a winter, or the sum total of animals present throughout a winter, 7 
respectively) of bison or elk on feed. Elk and bison are enumerated by age and sex classes, 8 
providing population class structure information as well as overall abundance. Elk classes 9 
recorded during the classification count are calf, cow (includes yearlings), spike bull, and 10 
mature bull; bison classes are calf, yearling cow, yearling bull, adult cow, adult bull. A 5-10% 11 
difference typically exists between the classification count estimate and the daily number of elk 12 
on feed during peak abundance. Peak elk abundance on the NER during 2007–2013 occurred 13 
late February through the first week of March (USFWS unpublish. feedline data) (Fig. 3). 14 
Proposed changes to a less conservative feeding program that would result in a later initiation 15 
of winter feeding (see Development of Alternative Management Actions and Strategies 16 
below) could increase the difference between when the classification count is conducted and 17 
peak numbers of elk on feed. A less conservative feeding program could also result in initiation 18 
of feeding on the NER after the classification count has been completed in some years. Lastly, 19 
the classification count may be replaced in the near future by survey (i.e., not a census) 20 
methodology used elsewhere in the state by WGFD for estimating elk abundance. The new 21 
survey methodology may not provide suitable NER-specific estimates of elk abundance for 22 
determining if Refuge population objectives are being met.  23 
 24 
Beyond logistical or methodological considerations, a single elk population estimate in time 25 
would not adequately capture the dynamic nature of elk abundance in relation to winter 26 
feeding on the NER. For example, 5000 elk on winter feed (the current BEMP Phase 1 objective) 27 
for three months would likely have a greater impact on NER habitats than 5000 elk on feed for 28 
a single month. The BEMP Phase 1 elk population objective is not defined by time, leaving it 29 
open for interpretation whether the objective was intended as a mean number of animals fed 30 
during a winter, a maximum number fed, or a cumulative number fed. To address this issue 31 
while staying within the implied intent of the BEMP, we chose elk-fed days (EFD; the cumulative 32 
number of elk fed during a feeding season) as the metric for determining if the elk population 33 
objective is being met. This number combines both the spatial and temporal aspect of animals 34 
on the NER, providing better accounting of potential effects than a single classification count. It 35 
is also believed that this is more consistent with winter carrying-capacity projections estimated 36 
in Hobbs et al. (2003). The Phase I objective of 5000 elk on feed is defined relative to elk-fed 37 
days as  38 
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 1 
𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑑𝑑 ∗ 5000 elk, 2 

 3 
where d is the mean number of days of feeding from 1995–2007 (64 days [SD = 22]). This time 4 
span was selected to maintain consistency with the data used in developing the BEMP. The 5 
benchmark historical value is then 320,000 EFD. Bison-fed days (BFD) can similarly be calculated 6 
as 31,500 BFD for bison using d = 63 days (SD = 22) and the bison population objective of 500 7 
animals. This latter value provides an important historical perspective on winter feeding of 8 
bison and can assist in determining efficacy of management actions toward accomplishing the 9 
bison objective; post-hunt bison abundance will be the definitive number used for determining 10 
if the bison population objective is being met.   11 

 12 
Figure 3. Mean daily elk abundance on the National Elk Refuge during winter feeding, 2007–13 
2013. Data are from feedline counts for calendar dates where feeding occurred during all 14 
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years, i.e., February 12th (calendar date 43) through March 21st (calendar date 80). Counts 1 
were conducted from feeding equipment.   2 
 3 
Limiting Factors – DELETE THIS SECTION, OR EXPAND IN THE MODELING SECTION? 4 
Limiting factors are demographic components that limit population growth of a species. 5 
Identifying limiting factors, perceived and documented, help us better define existing 6 
uncertainty regarding drivers of elk and bison population and potential management actions, 7 
and monitoring to link the two together. In the current situation where management aims to 8 
reduce or limit a population to a specified objective, our understanding of limiting factors can 9 
be capitalized on to regulate population. For example, elk population growth is highly sensitive 10 
to adult female survival (Nelson and Peek 1982, Raithel et al. 2007), and therefore increased 11 
hunter harvest on adult females is a common approach to reduce elk populations. In this 12 
scenario, increased hunter harvest of adult females is the management action that could be 13 
employed to reduce a population to objective. This assumes population abundance is the issue 14 
to be addressed. Conversely, if population distribution is the primary issue to be addressed 15 
management actions to alter animal distribution would be employed.  16 
 17 
Winter distribution of elk and bison on and near the NER is influenced by winter feeding. The 18 
present feeding program is conservative in implementation of feeding to minimize elk 1) winter 19 
mortality of the most susceptible group, calves, and 2) comingling issues with cattle on adjacent 20 
private lands. Therefore, current feeding programs are minimizing a potential limiting factor – 21 
winter mortality. Moreover, winter feeding alters the distribution of elk and bison, which can 22 
result in localized concentrations of animals above stated objectives.   23 
 24 
Development of Alternative Management Actions and Strategies 25 
Alternative management actions were identified during a meeting of stakeholders at the NER 26 
22 May 2013. Alternative actions, and constraints, were developed for the NER winter elk 27 
population and the JBH. A series of further meetings (25 July, 20 August, 12 September, 23 28 
October, and 13 November 2013, and 22 January, 24 February, and 7 April 2014) were held to 29 
create management strategies, i.e., collections of actions that form complete and comparable 30 
alternatives (Gregory et al. 2012).  31 
 32 
Reference case—It is helpful to identify a reference alternative that captures the recent and 33 
ongoing management actions that have led to the current state of the system for comparing 34 
with new alternatives that are developed. Ongoing management actions include winter feeding, 35 
irrigation, harvest, and hazing.  36 
 37 
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Big game population objectives in Wyoming are evaluated and updated at least every five 1 
years. Objectives represent the preferred number of animals during winter within a herd unit 2 
(e.g., the Jackson Elk Herd) and are determined based upon multiple factors, including 1) 3 
available habitat to support the defined population, 2) hunting access, and 3) tolerance for 4 
wildlife on private lands by landowners (Tassell et al. 1995). Public input on proposed 5 
population objectives is obtained during public hearings. After the hearings the proposed 6 
population objectives are sent to the Wyoming Game and Fish Commission for review and 7 
approval. The NER, GTNP, and Bridger-Teton National Forest (BTNF) have participated in WGFD 8 
big game population objective review and revision processes in the past for both the JEH and 9 
JBH. These federal agencies will continue to participate in objective setting for the JEH and JBH 10 
populations. 11 
 12 
The current JEH winter feeding program includes two groups of feedgrounds – one on, and 13 
managed by, the NER, and the second managed by WGFD. The latter are the Alkali, Fish Creek, 14 
and Patrol Cabin feedgrounds, collectively known as the Gros Ventre feedgrounds, located on 15 
BTNF lands. Initiation of feeding is currently conservative, i.e., has the primary objectives of 16 
minimizing elk 1) winter mortality of the most susceptible group, calves, and 2) comingling 17 
issues with cattle on adjacent private lands. Winter feeding begins when available forage 18 
reaches approximately 300 lbs acre-1 at key index sites. Available winter forage for elk and bison 19 
on the NER is largely determined by snow conditions, rate of forage consumption during fall 20 
and winter, and biomass of forage produced during the previous growing season.  21 
 22 
Forage biomass (metric tons) is correlated with the amount of precipitation (mm) during May–23 
August (𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 50.31, R2 = 0.91; 1995 and 1998–2006, NER unpubl. data), and secondarily 24 

affected by the number of irrigated acres.  Refuge-wide herbaceous forage production 25 
averaged 14,387 (SD = 4125) tons during 1998–2013, and in recent years irrigation of 26 
approximately 3,600 acres has increased forage production by approximately 10% compared to 27 
what would have been produced with precipitation alone. Estimation of forage biomass is done 28 
annually based on sampling at index sites. Index sites are selected subjectively each year based 29 
on presence of vegetation highly palatable to elk such as naturally sub-irrigated wet meadows, 30 
irrigated areas with significant green vegetation, and in years with adequate late summer/early 31 
fall precipitation, native dry grassland plant communities with basal green up.  32 
 33 
During 1995–2013, mean initiation of winter feeding on the NER was 28 January, ranging from 34 
30 December to 28 February. Mean termination of winter feeding during this same period was 35 
3 April, ranging from 20 March to 20 April. Initiation and termination dates vary widely based 36 
on winter conditions. Excluding years in which feeding did not occur, mean initiation and 37 
termination dates for winter feeding during 1976–2013 at the Gros Ventre feedgrounds 38 
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occurred during the second week of January and first week of April, respectively (Table 1). This 1 
resulted in approximately 3 months of feeding each year.  2 
 3 
Table 1. Winter feeding mean initiation and termination dates and total days for the Gros 4 
Ventre feedgrounds managed by Wyoming Game and Fish Department. Standard deviations 5 
are provided parenthetically. 6 

Feedground Initiation Date Termination Date Total Days 
Alkali 10 January (18.8) 7 April (13.5) 89 (23.5) 
Fish Creek 9 January (12.3) 4 April (17.1) 85 (21.0) 
Patrol Cabin 11 January (13.5) 4 April (11.6) 84 (19.0) 

 7 
Winter feeding coordination between the NER and WGFD occurs annually. Feeding in the Gros 8 
Ventre feedgrounds is targeted specifically to assist in keeping animals from moving to the NER; 9 
for example, animals are more likely to move to the NER if feeding is occurring there and not at 10 
the Gros Ventre feedgrounds, where the opposite up-slope migration is less likely. Termination 11 
of feeding at feedgrounds needs to be coordinated so animals moving to the NER after feeding 12 
ends on the Gros Ventre feedgrounds do not remain at the refuge. This coordination will 13 
continue regardless of the management strategy employed.  14 
 15 
Bison are fed as necessary to ensure elk are adequately fed. Bison out-compete elk for forage 16 
resources, so the typical strategy is to keep bison at the northernmost NER feedground 17 
(McBride) by feeding them prior to feeding elk. Bison are fed separately from elk and are given 18 
a ration adequate to ensure they do not move to elk feeding areas. This also influences 19 
distribution of bison in the winter, reducing conflict associated with bison moving into 1) 20 
Jackson, and 2) the Nowlin unit of the NER where commercial sleigh rides occur.  21 
 22 
Total harvest of the JEH was reduced over the last decade as the population objective was 23 
reached (Fig. 4). Elk hunting on the NER (Hunt Area 77) typically begins in mid-October and 24 
ends in mid-December, with peak harvest in recent years occurring in late November to early 25 
December.  From 2005 to 2011 an average of 393 (SD = 56) hunters harvested 161 (SD = 38) elk 26 
per year during the NER hunt.  27 
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 1 
Figure 4. Jackson elk herd estimated harvest, 2002–2011. 2 
 3 
Associated with harvest on the NER, “tag and drag” is a retrieval service currently provided by 4 
two licensed outfitters. They are also licensed to guide on the NER. This program will continue 5 
regardless of the management strategy employed.   6 
 7 
Hazing of elk is currently only undertaken in spring to encourage elk (and bison) to move off of 8 
the NER. Attempts at post-hunting/pre-feeding hazing of elk to the north part of the refuge 9 
occurred (e.g., 2005–2006), but were largely ineffective with elk generally returning the 10 
following day to the south end of the NER. These efforts included hazing using ATVs, on foot, 11 
and on horseback. Reducing spring hazing to increase early-season harvest was considered as a 12 
potential action but not included due to 1) the perception that the loss of forage on the Refuge 13 
by resident elk during summer would offset gains due to increased harvest, 2) presence of 14 
wolves on the northern end of the Refuge may preclude the desired response of reduced 15 
hazing to keep elk on the north end of the Refuge, and 3) recently observed aspen recovery 16 
could be reduced if elk use increased on the north end of the Refuge.  17 
 18 
Fencing of hay stacks and livestock feedline areas has historically been used to mitigate conflict 19 
on private lands. Fencing as mitigation on private land will continue in a targeted fashion. For 20 
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example, a proposed mitigation in the Horse Creek area would involve a land trade with a 1 
private landowner to move livestock winter feeding operations off of a south facing slope that 2 
is a movement corridor for elk. Fencing three sides of the private land would separate the 3 
corridor from the livestock feedline. Targeted fencing of golf course greens and sand traps fall 4 
through spring has been successful in some situations for mitigating elk and bison presence in 5 
these areas. It is important to note that the county has a ‘wildlife-friendly’ fence policy and 6 
does not support fencing impermeable to wildlife. 7 
 8 
The outcome of the reference case described above for elk abundance and distribution during 9 
winter in the JEH is shown in table 2. Population objectives for the two feedground complexes 10 
are provided, as are annual elk abundances as measured during the classification count. The 11 
data presented in table 2 demonstrate the potential for reaching the Phase 1 NER winter elk 12 
population objective of 5,000 while remaining within the JEH objective of 11,000 (±10%). 13 
 14 
Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 15 
classification counts, 2011–2013, relative to the current objective. 16 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range* 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 

*Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 17 
  18 
Bison numbers grew exponentially from the 1970s until recently, peaking at 1059 animals in 19 
2007 (Fig. 5). Recent declines in the number of bison are largely attributable to increased 20 
hunter harvest on the NER. Bison hunting begins on August 15 and ends in early to mid-January; 21 
no bison hunting is allowed in GTNP, resulting in bison often staying in the park during the 22 
hunting season with only occasional movements onto the NER until severe winter conditions 23 
occur. Given this situation, harvest management balances extending the hunt as late in January 24 
as practicable without conflicting with winter feeding. The dynamic nature of winter conditions 25 
makes this unpredictable, and results in the use of emergency bison season extensions or 26 
reductions. For example, an emergency extension of the season (no later than 31 January) 27 
could occur if mild winter conditions precluded desired harvest levels earlier in the season. 28 
Conversely, an emergency closure may be necessary if winter weather conditions require 29 
feeding to commence before the predetermined season end date. 30 
 31 
Most bison harvest occurs on the NER, with some additional harvest on private and BTNF lands.  32 
Since the initiation of the bison hunt in 2007, mean harvest has been 210 (SD = 45.5) bison per 33 
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year.  This level of harvest has been sufficient to arrest the exponential growth of the 1 
population, reducing bison numbers from the peak in 2007 to 855 animals in 2013 (Fig 5). 2 
Licensing changes for hunting Jackson Hole bison were enacted in 2014 to increase harvest, 3 
especially of bison females.  These included a reduction in the bison female/calf license fee 4 
(from $416 to $263 for residents and from $2522 to $1022 for non-residents) and eliminating 5 
the once-in-a-lifetime restriction on a successful bison hunter to only those that successfully 6 
harvested a bull. Tribal bison harvest is currently defined in the BEMP to permit up to five 7 
animals for ceremonial purposes; tribal harvest generally occurs outside of the state bison 8 
season. Translocation of bison to tribal lands outside of Teton County is not currently permitted 9 
due to brucellosis concerns.  10 

 11 
 12 
Figure 5. Bison winter population in the Jackson Hole area, 1970–2013.  13 
 14 
Bison would likely occupy the Refuge year-round without management intervention, but as a 15 
result of hazing by refuge staff and disturbance by hunters, peak bison activity on the NER 16 
occurs January–April each year.  If bison fail to leave the NER following the cessation of 17 
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supplemental feeding they are typically hazed off the Refuge using all-terrain vehicles (ATVs) in 1 
late April to early May.  Hazing moves bison to GTNP, where they generally remain until mid-2 
July. From July to early August bison that return to the NER are hazed back to GTNP to protect 3 
forage for elk during the winter months. Hazing efforts in August cease within several days to 4 
weeks of the bison season in an effort to increase hunter harvest.  5 
 6 
National Elk Refuge 7 
Alternative management actions identified for meeting the NER winter elk population objective 8 
can be grouped into four categories, including 1) winter feeding management (both on and off 9 
the NER), 2) population management (harvest, culling, and fertility control), 3) habitat 10 
improvements (on and adjacent to the NER), and 4) mitigating private lands conflicts 11 
(leases/easements, incentives, fencing) (Table 3). The latter represent sequenced alternatives 12 
that would be necessary to implement due to wintering elk dispersing onto private lands 13 
adjacent to the NER in response to other management actions taken. A fifth group of 14 
alternatives associated with increasing public awareness (including local elected officials, e.g., 15 
county commissioners) of ‘natural’ levels of elk winter mortality were included after the 16 
meeting. These actions represent acknowledgement that the current feeding program results in 17 
reduced winter mortality, perhaps exacerbating already low public tolerance to increased 18 
winter mortality, whether episodic or perennial in nature. This group was expanded to include 19 
more targeted education and outreach efforts for landowners, sportsmen and agencies, and 20 
the WGFD Commission, depending on the strategy.  Lastly, a group for each of monitoring and 21 
enforcement were included to allow proper accounting of projected costs associated with each 22 
management action strategy.   23 
 24 
Table 3. National Elk Refuge winter elk population strategy table for identifying alternative 25 
management action strategies. Ongoing management actions that will be continued 26 
regardless of strategy selected are not included in the table; descriptions can be found in the 27 
‘Reference case’ description within the text. 28 

  

Reference 
Case 

NER-
focused 

Southern herd 
segment 
mngmnt 

Late 
Season 
Harvest 

Winter feeding management  
   No change X 
 

X X 
Less conservative (NER)  X 

  Population management  
   No change X 
   Increase harvest objectives in Hunt 

Areas 77 & 78  
 

X 
 



16 
 

Late-season refuge hunt (Hunt Area 
77)  X X X 
Coordinated late-season hunt (Hunt 
Areas 75, 77, 78, 80)    X 
Extend open period on Forest 
Service  

  
X 

Fertility control (Hunt Area 78 & 
GTNP South)  

 
X 

 Hunt Area 78 Hunter management 
program   X  

Habitat improvements  
   No change X 
   Fire management on NER and 

adjacent public land  X X X 
Private lands mitigation  

   No change X 
   Incentivize steer operations  X 

  Non-traditional landuse mitigation   X  
Public education/outreach (EO)  

   No change X 
   Increase public EO (including local 

elected officials)  X X X 
Increase landowner EO  X X 

 Increase sportsmen & agency EO   X  
Increase WGFD Commission EO  X X X 

Monitoring X 
   No change  X X 

 Increase  
   Enforcement  
   No change X 
   Minor increase  X X  

Major Increase  
  

X 
 1 
Winter feeding management—Management of winter feeding is a primary driver of elk 2 
distribution, and to a lesser extent abundance, in the Jackson Hole area. Feeding on the NER is 3 
initiated each year based on a series of factors, including the amount of forage on the NER, 4 
number of elk present, and snow conditions. Initiation of feeding is currently conservative (see 5 
Reference case, pg 5). A less conservative approach would result in later initiation of feeding, 6 
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therefore potentially increasing winter calf mortality and comingling. Including agronomic 1 
grassland plant communities without significant green vegetation and/or reducing the available 2 
forage threshold would result in a less conservative winter feeding program. Per capita ration 3 
levels would not change from the current level.   4 
 5 
Implementing a less conservative feeding program could result in very limited, or no, feeding 6 
given certain winter conditions. However, the criteria for a less conservative feeding program 7 
would not be such that it could be construed as ‘emergency feeding’, i.e., feeding only to 8 
preclude a catastrophic mortality event. Colorado, Idaho, and Utah provide examples of states 9 
that have emergency feeding policies. Existing evidence suggests that emergency feeding is not 10 
very effective (see review in Putman and Staines 2004). Moreover, the current feeding regime 11 
has been developed for non-emergency situations; a review of current rations and pellet 12 
composition would be necessary to adjust the program for emergency feeding.  13 
 14 
Population management—Hunter harvest is the primary tool employed for population 15 
management of elk and bison in Wyoming. Increased harvest objectives on/near the NER would 16 
target the southern segment (Hunt Areas 77 & 78), which is currently more productive (i.e., 17 
higher cow-calf ratios) than other JEH segments. Doing this would help achieve JEH objective 18 
while minimizing harvest on migratory segments. In order to track hunter harvest there would 19 
need to be an increase in monitoring, e.g., hunter self-registration.         20 
 21 
Elk hunting on the NER currently ends mid-December. Offering a late-season hunt (after 15 22 
December) would assist in deterring elk from moving onto the refuge. Without coordinated 23 
hunts in adjacent units (Hunt Areas 75 [GTNP], 78 and 80), and extended open access on BTNF 24 
lands in Hunt Area 80, the NER hunt would likely be ineffective in also significantly increasing 25 
harvest. Late-season harvest in Hunt Area 80 would include migratory Yellowstone elk, a 26 
declining herd segment of conservation concern. These proposed coordinated efforts would 27 
need to be approved by the Commission, BTNF, and GTNP.  28 
 29 
Fertility control was considered and rejected in the 2007 BEMP, so therefore could not be 30 
undertaken on federal lands without vetting in the NEPA process. Moreover, this action would 31 
need approval by the WGFD Commission prior to the state undertaking fertility control on 32 
private lands in collaboration with landowners in Hunt Area 78 and Grand Teton NP South 33 
would occur during summer on private lands. Research completed since signing of the BEMP 34 
indicates fertility control may be more tractable now than when it was considered during 35 
preparation of the BEMP. Killian et al. (2009) demonstrated effectiveness of GonaCon™, a 36 
gonadotropin-releasing hormone vaccine, in female elk. Dart-delivered 2 ml doses of 1000 μg 37 
GonaCon™ resulted in nearly complete infertility of females treated in September. Much of the 38 
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early research on this immunocontraceptive vaccine was for use in white-tailed deer, with 1 
regulatory approval of GonaCon™ for use in female white-tailed deer by the U.S. Environmental 2 
Protection Agency granted in 2010. There are no known dangers to humans or wildlife from 3 
eating animals that have been treated with GonaCon™. 4 
 5 
Most of the observed increase in segment population has occurred in the largely non-migratory 6 
Hunt Area 78 / Grand Teton NP south segment. Increased harvest in this segment would help 7 
address a number of issues, in addition to assisting in reaching Phase I objective. Harvest is 8 
nearly as liberal as possible at this time; the greatest limitation is hunter opportunity in 9 
residentially-developed areas. Elk use in those areas is increasing, necessitating continued 10 
collaboration with homeowner associations to improve hunter access within residential 11 
developments. Many associations have covenants that exclude firearms, but archery may be an 12 
option where firearms are excluded. There is also a growing constituency for trophy bulls in 13 
these areas.  14 
 15 
A hunter management program for Hunt Area 78 would coordinate private land access through 16 
a hunt manager as liaison to private landowners. This program would be modeled after similar 17 
programs in Montana, as well as several in Wyoming (Meteetse, Laramie Peaks, etc.).    18 
 19 
Habitat improvements—Habitat improvements discussed so far have focused on fire 20 
treatments on range adjacent to the NER to increase attractiveness of these areas to wintering 21 
elk. Opportunities exist for managed fire in certain areas, but opportunities for prescribed fire 22 
are limited. Fire treatments in lynx habitat would not be possible, therefore it would be 23 
necessary to determine if a conifer stand was suitable lynx habitat as based on tree cover. 24 
Conversely, areas within sage grouse core habitat (i.e., within a 4 mile radius of a lek) have a 5% 25 
disturbance cap that would similarly preclude fire treatment. Areas mapped as wildland urban 26 
interface (WUI) are available for treatment, but treatments need to be defined as a fuels 27 
reduction.  28 
 29 
There is potential to have fire management areas on the refuge, but the conflict with sage 30 
grouse on the northern portion of the NER, which is identified as sage grouse core habitat, 31 
would need to be addressed. The plan will therefore include prescribed fire even if it isn’t a 32 
primary tool. These changes would represent a small, ephemeral gain at best in changes to 33 
habitat that may result in more elk wintering outside of the NER. Wildland fire use (i.e., wildfire 34 
to meet resource objectives) is authorized forest-wide in the BTNF. Much of the BTNF adjacent 35 
to the NER is within the Gros Ventre Wilderness, which is managed to allow “natural processes 36 
of ecological change to operate freely. The number, size and intensity of fires [are managed to] 37 
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approximate the natural fire regime” (USFS 2013). Benefits from wildland fire use on adjacent 1 
national forest lands are therefore opportunistic in nature. 2 
 3 
Private lands mitigation—Easements and leases have been proposed as a means to minimize 4 
livestock and elk conflict related to brucellosis. Easements would incentivize steer operations 5 
by purchasing from willing sellers the right to have cow/calf pairs. Easements should also 6 
consider all winter feeding of livestock (e.g., horses), certain agricultural crops that are 7 
attractants to elk (e.g., irrigated hay), as well as hunting access. These easements would be 8 
purchased and enforced through agencies and local land trusts. Leases in the Spring Gulch area 9 
are not a suitable solution due to the current level of development; may be an option in Buffalo 10 
Valley assuming the weather allows animals to winter there. Leases/easements would need to 11 
include a statement that the individual would forfeit their right to make a depredation claim to 12 
WGFD.  13 
 14 
Non-traditional landuse mitigation would differ from that described above for traditional 15 
landuses. For example, the Jackson Hole Conservation Alliance is working with subdivision 16 
landowners to install landscaping that is less attractive, and more resistant, to elk and deer. 17 
Similarly, WGFD assesses subdivisions to identify issues for mitigation, and provides input to 18 
real estate developers and in county planning documents. Also, targeted hazing in subdivisions 19 
and golf courses is ongoing and will continue on an as-needed basis. 20 
 21 
Public education/outreach—Each partner agency will have the opportunity to become involved 22 
in the planning and execution of education and outreach (EO) efforts. Increased public EO 23 
efforts will be undertaken regardless of the strategy selected. These efforts will include 24 
increasing public awareness of, and tolerance for, natural levels of winter mortality in elk. This 25 
would be accomplished through local news releases and radio announcements, training for 26 
sleigh-ride contractors that includes information on winter mortality in unfed populations of 27 
elk, etc. Regular updates on the planning process and progress towards meeting objectives set 28 
out in the BEMP will also be provided to the public through NER media outlets. County 29 
Commissions will be included in public EO efforts to make sure they are aware, and supportive, 30 
of the agencies’ efforts.  31 
 32 
Landowner EO would differ between those engaged in more traditional agricultural landuse 33 
(i.e., ranching) and non-traditional landusers (i.e., residential developments, golf courses). The 34 
decision to change a livestock operation from cow/calf to steers (non-breeding) is a major 35 
decision.  It is not expected that ranchers would respond to an article in the paper, news story 36 
on the radio or even a letter.  This kind of effort will require primarily one-on-one interactions 37 
with an individual that has built relationships and trust within the community. This would 38 
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require a private lands biologist to work with private landowners in the area. The position could 1 
be a shared position among agencies. Conversely, EO focused on homeowners in exurban 2 
developments will focus more on meetings with homeowners’ associations, residential 3 
developers, etc., to provide information regarding living with wildlife, wildlife management and 4 
conservation, etc. All agencies will need to collaborate in initial efforts to reach key landowners 5 
and homeowner associations to convey the objectives and primary issues involved in managing 6 
elk and bison in Jackson Hole, as well as to express the importance of their involvement in the 7 
process. WFGD is currently doing this in some areas, e.g., Hunt Area 78.  8 
Sportsmen EO would include meetings with local and regional sportsmen’s clubs and ideally 9 
articles in club magazines, Wyoming Outdoors, etc.  General newspaper articles could also help 10 
disseminate information. This could be largely accomplished with existing staff.  11 
 12 
Agency EO is happening to some degree through AMP meetings.  It would be helpful to focus 13 
on two different groups; field staff and Regional Office managers.  Field staff are instrumental 14 
in achieving management actions on the ground, but also support changing public opinion in 15 
the local area through their personal interactions outside of work.  Regional office EO is 16 
essential in building the necessary support to obtain project resources and have support when 17 
controversies are elevated to their level.    18 
 19 
WGFD Commissioner EO will require personal contacts coordinated with WGFD.  Top priority 20 
will be the commissioner for this area and perhaps others.  This will include 1) tours of the NER 21 
and GTNP and 2) a briefing on alternative strategies resulting from the AMP. 22 
 23 
Monitoring—Draft once strategies are finalized. 24 
 25 
Enforcement—Draft once strategies are finalized. 26 
 27 
Contstraints 28 
Constraints that were identified for managing wintering elk population on the NER were diverse 29 
and included policy/regulatory, biological, social, and funding constraints, and combinations 30 
thereof (Table 4). The most common constraints were policy related (33%), followed by social 31 
(28%), biological (22%), and funding (17%) constraints. Many of the identified constraints could 32 
be identified in multiple groups; we largely identified constraints as belonging to a single group 33 
to simplify classification.  34 
 35 
Table 4. Management constraints identified for the National Elk Refuge wintering elk 36 
population objective. 37 
Policy constraints 
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Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Easement limitation (NER boundary) 
2007 EIS (rejected fertility control and test and slaughter; limits tribal 

harvest) 
Social constraints 

Hunter numbers 
Winter mortality (social acceptance) 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts 
Fencing/wildlife conflicts 
Migratory segment (maintain summer distribution goals) 

Funding constraints 
Easements 
Fencing 
Fertility control 

 1 
National Elk Refuge Strategy Narratives 2 
Management action strategies were divided into themes based on the focus of the grouped 3 
actions within a strategy. For example, the National Elk Refuge-Focused strategy targets winter 4 
elk distribution through management actions primarily taken on the refuge. The Southern Herd 5 
Segment Management strategy is a set of actions intended to reduce the number, and 6 
productivity, of the largely non-migratory elk in Hunt Areas 75 and 78 while minimizing the risk 7 
of harvest to migratory segments of the JEH. The Late Season Harvest strategy would increase 8 
harvest more generally in the JEH through coordinated late season hunts, with key caveats 9 
outlined below. Several actions were identified as necessary to continue, or implement, 10 
regardless of the strategy selected. Those to be continued are the 1) intra-seasonal 11 
management and coordination between the NER and WGFD Gros Ventre feedgrounds, 2) 12 
fencing for private lands mitigation, and 3) “tag and drag” and guided hunts on the NER and 13 
GTNP. New actions to be implemented across all strategies include 1) a late-season refuge hunt, 14 
2) Fire management on NER and adjacent public land, 3) increased public education and 15 
outreach, and 4) increased WGFD Commission education and outreach. 16 
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   1 
National Elk Refuge-Focused Strategy 2 
The NER-focused strategy is based on altering distribution of elk using management actions 3 
centered primarily on the refuge. This strategy implements actions to make the refuge less 4 
attractive to wintering elk primarily through a less conservative winter feeding program and 5 
initiation of a late-season hunt. This assumes that a proportion of elk that winter on the refuge 6 
can be conditioned to stay on adjacent winter range based on decreasing the incentive (later 7 
initiation of feeding) and increasing the disincentive (late season hunt) to moving onto the 8 
refuge. Incentivizing steer operations on private lands would be undertaken to address the 9 
increased proportion of elk that may winter on adjacent private lands. Similarly, education and 10 
outreach to private landowners is included in this effort to increase acceptance of elk wintering 11 
on private lands adjacent to the NER. Increased enforcement on the NER would also be 12 
necessary due to the addition of the late-season hunt.  13 
 14 
Southern Herd Segment Management Strategy 15 
The southern herd segments (Hunt Area 78 and GTNP South) are increasing absolutely and 16 
proportionally within the JEH. Conversely, migratory segments (i.e., elk that summer in 17 
Yellowstone NP and Gros Ventre Wilderness) of the JEH are stable to declining. The Southern 18 
Herd Segment Management Strategy focuses management actions at slowing, or reversing, the 19 
growth of the southern herd segments. Proposed actions include increasing harvest through 20 
the development of a hunter management program, a program that also helps address private 21 
lands mitigation. Targeted fertility control on private land summer range could also be 22 
explored by WGFD, but would need to go through the proper approval process (i.e., WGFD 23 
Commission). This action was considered and rejected in the BEMP. Increased outreach to 24 
sportsmen and agencies, and landowners, would be undertaken; the former is due to the 25 
potential for fertility control and the latter is for increasing awareness of landowners of the 26 
efforts to reduce the southern herd-segment. Increased harvest is localized by this strategy, 27 
minimizing the potential impact of increased harvest on the migratory segments. Increased 28 
enforcement on the NER would also be necessary due to the addition of the late-season hunt. 29 
 30 
Late Season Harvest Strategy 31 
The Late Season Harvest Strategy represents a broader, landscape scale approach to achieving 32 
the Phase I elk objective. A coordinated (i.e., NER, WGFD, GTNP, BTNF) late season hunt in Hunt 33 
Areas 75, 77–78, and 80 would occur. Approval would need to be obtained for extending, or 34 
moving, the current season in GTNP to allow later harvest. Lastly, the current December 1st 35 
closure to protect wintering ungulates in Hunt Area 80 on BTNF lands would need to be 36 
modified through an environmental review process to allow hunter access into that area. 37 
Currently the JEH could be reduced by approximately 1,000 animals before being below 38 
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objective (11,000 ± 10%). A WGFD Commission approved reduction in the JEH could be 1 
investigated if the efforts of this strategy did not result in reaching the NER Phase I elk 2 
objective. An increase in enforcement would be necessary if this strategy was implemented.  3 
 4 
National Elk Refuge Strategy Consequences 5 
 6 
Considered but not included in the consequences table (covered in the EIS) – average annual 7 
private sector revenue; altered archeological resources; 8 
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Table 5. Predicted consequence table for the National Elk Refuge (NER) elk population on feed alternative management action 
strategies. This table is not currently cited in the text  

Objectivea/Decision 
Considerationb Evaluation criteria 

Reference 
Condition 

NER-
focused 

Southern herd 
segment mngmnt 

Late season 
harvest 

Elk-fed daysa Years to reach objective     

Herd segment 
distributionb 

Proportion long-distance 
migrants 

    

Financialb 

Average annual additional costs 
to agencies ($000) 

    

Commercial landuse additional 
costs 

    

Socialb 

Sportsman/outfitter support     

Environmental group support     

Commercial landowner support     

Residential landowner support     

Safetyb Animal/vehicle collisions     

aThe identified objective from the BEMP Phase I for this table is 5000 elk on winter feed at the NER, which has been converted to 
elk-fed days (see Population of Interest above). 
bAdditional decision considerations and evaluation criteria were identified by the working group for comparison among strategies. 
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Bison 
Alternative management actions for bison on the NER and adjacent areas included several 
developed for the NER wintering elk population objective in addition to those solely developed 
for bison (Table 6). Most of the actions identified were related to bison harvest in an effort to 
influence hunter access or success.  
 
Table 6. Bison population strategy table for identifying alternative management action 
strategies.  

  

Reference 
Case 

Hunter 
Harvest 

Alternative 
Reduction 

Actions 
Population management 

   No change X 
  

Improve late-season access to north 
end of NER for hunting and carcass 
retrieval 

 
X X 

Parking lot origination management 
 

X X 
Alternative reduction actions*   X 

Hazing 
   

No change 
   

Haze bison found south and east of 
Flat and Nowlin creeks  

X X 

Service-accompanied hunters  X X 
Habitat improvements 

   
No change X 

  
Fire management on NER and 
adjacent public land  

X X 

Water source improvements    
Private lands mitigation    

NER south-boundary improvement    
Public education/outreach (EO) 

   
No change X 

  
Increase education and outreach 

 
X X 

Monitoring 
   

No change 
   

Enforcement 
   

No change 
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Increase 
   

*Beyond the scope of this plan and may require NEPA review. 
 
Population management—Hunter harvest of bison since 2007 has led to an appreciable 
reduction in the population (Fig. 5). Further efforts to increase hunter harvest are intended to 
reduce the number of years necessary to reach the bison population objective. Most of the 
actions identified are related to increasing opportunity and success at the existing level of 
hunter numbers. The current number of hunters each year is believed to be a maximum 
number allowable while still providing a quality, and safe, hunting experience.   
 
Efforts to improve late-season access to the north end of the NER for hunting and carcass 
removal could facilitate increased harvest. Existing retrieval roads become impassable late in 
the hunting season due to snow, and can, for example, preclude hunters from using the West 
Parking Area or retrieving carcasses on the northern portion of the refuge. Keeping these roads 
open may be difficult in heavy snow years, requiring a bulldozer in some situations. 
Alternatively, over-the-snow vehicles could be considered for carcass retrieval on existing 
refuge roads. Hunter access easements across private lands on the northeast corner of the NER 
will be explored as another means of providing access to that portion of the refuge for hunting 
and carcass retrieval. 
 
Hunters must originate from a designated parking area for hunting bison on the NER. All but 
one designated parking area are within the NER. Access to the northwest portion of the NER is 
via a parking area within and managed by GTNP in collaboration with the NER. Accessing the 
refuge for hunting from BTNF lands along the eastern boundary of the NER was historically not 
allowed. The refuge will continue to manage hunter distribution using parking-lot origination in 
an effort to encourage bison to move onto, and remain, on the refuge. Hunters with a NER 
permit will also be allowed to access the refuge from adjacent BTNF lands.   
 
Continuous review of population management actions implemented for reaching the bison 
population objective will be undertaken during the life of this plan. If management actions 
outlined in this plan prove ineffective for reaching the objective, other actions that fall outside 
the scope of this plan may be considered, e.g., agency cull, herd-wide fertility control. Such 
actions may require evaluation as per the NEPA.  
 
Culling of bison is currently not used as a population management action. Including an agency 
bison cull as a potential population management action in this plan does not imply agency 
approval at this time and would only receive further consideration upon meeting several 
criteria. Consideration of an agency cull would include meeting National Environmental Policy 
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Act (NEPA) requirements. WGFD policy prevents elk hunting past January 31st to minimize 
hunter exposure to Brucella abortus (the bacteria that causes brucellosis). This policy is specific 
to elk at this time, but the same concerns exist for late-season bison harvest. Between February 
1st–15th WGFD personnel can harvest animals and the animals can be donated; animals killed 
after February 15th must be disposed of in a landfill.  
 
Herd-wide fertility control of bison was considered and rejected in the BEMP. A review of 
fertility control in wildlife, current at the time of approval of the BEMP, can be found in 
Appendix B of the final Environmental Impact Statement (EIS) (USFWS and USNPS 2007b). Need 
to gather more details on the current state of knowledge for this technique – would it be 
possible to have the WGFD vet draft a few sentences, with current citations, for this purpose? 
Seems like this would have to occur on the feedline to be efficient and effective, which would 
trigger NEPA. Bison primarily occur on federal lands, so proposed implementation of this action 
would necessitate following NEPA requirements.  
 
Hazing—Reduction, or elimination, of winter feeding will likely result in bison having a broader 
winter distribution in Jackson Hole. This could lead to more frequent use of the Nowlin unit by 
bison; the Nowlin unit is where commercial sleigh rides are conducted. Moreover, increased 
bison use of the southern portion of the NER beyond the Nowlin unit increases the potential for 
bison to enter the town of Jackson. For public safety and to minimize conflict in the Nowlin unit, 
bison will be hazed north if found south of a boundary starting at the Twin Creek Subdivision, 
west along Elk Refuge Road to Nowlin Gate, north and west along Hunter Retrieval Road 22 (an 
administrative road), north along Hunter Retrieval Road 22 to the Refuge Barns, west along 
Nowlin Creek to the confluence of Flat Creek, and north along Flat Creek to the northern 
boundary of the Jackson National Fish Hatchery.  
 
Service-accompanied hunters in NER management units south of the bison hazing line defined 
above could be used to haze bison north of the hazing line.  
 
Habitat improvements—Fire management on NER and adjacent public land to increase 
attractiveness for bison would be the same as described above for elk (pg X). The objective, 
however, differs in that the purpose of attracting and holding bison on the refuge would be 
primarily to increase susceptibility of bison to harvest.  

Water sources on the east side of the NER would be modified to increase flow rates, improve 
bison access to water, encourage bison use and potentially increase early season 
harvest.  Existing springs known as waterhole 2 and waterhole 3 currently have defunct bore 
hole pipes with limited water flows.  These would be repaired or replaced to ensure late 
summer water flow and encourage bison use at these locations. 
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Private lands mitigation—Bison primarily occur on public lands (i.e., NER, GTNP, and Bridger-
Teton National Forest), and when they do occur on private lands WGFD has the authority to 
haze or lethally remove bison for safety or private lands damage concerns (WGFC regulations, 
chapter 56). There is the potential for increased private lands conflict if winter feeding is 
reduced or eliminated on NER. For example, bison may move further south when feeding does 
not occur, increasing the potential for bison in Jackson. To reduce the likelihood of bison 
moving from the Refuge into Jackson, a double cattle guard will be installed on Elk Refuge Road 
at the boundary with East Broadway and at the gate where the town accesses the municipal 
water wells.  
 
Public education/outreach—Public education and outreach for bison management will be 
integrated into EO provided for elk management (see pg. X). There are important differences 
between bison and elk biology and management that will be articulated. The bison population 
objective differs from the elk objective, with the former based primarily on maintaining genetic 
heterozygosity while minimizing conflict (USFWS and USNPS 2007a). Bison winter feeding is 
conducted primarily to eliminate conflict with elk on feedgrounds, which is fundamentally 
different than the objective for feeding elk to sustain the JEH through winter with minimal 
mortality. Winter feeding of bison precludes other conflicts that would occur if bison were 
more broadly distributed within Jackson Hole, e.g., bison in the town of Jackson and the 
associated public safety conflict. As winter feeding is reduced, or eliminated, efforts will be 
made to manage potential increased conflict, but public acceptance of increased conflict will be 
necessary. There are important biological differences between bison and elk that will be 
highlighted. For example, during 2007–2013 the JBH had greater than twice the ratio of calves 
to females in winter compared to elk of the JEH (0.47 [SD = 0.05] for bison and 0.22 [SD = 0.03] 
for elk; WGFD, unpubl. data). During the six-year period taken to complete the BEMP the bison 
population grew exponentially, increasing from 627 animals in 2002 to 1059 in 2007 (Fig. 5; 
WGFD, unpubl. data). Management challenges can also differ between bison and elk. Bison 
female-calf groups spend much of the year in GTNP, where no harvest is permitted, and move 
to the Refuge as winter conditions reduce forage availability in GTNP. Female-calf groups 
largely do not use BTNF lands adjacent to the NER or GTNP, which constrains population 
management using hunter harvest to a relatively limited area on the NER. This can lead to 
dense concentrations of animals and hunters on the NER, which can result in hunter conflict.  
 
Increased EO to state agencies, e.g. the Department of Agriculture and state veterinarian, will 
be included as part of this action. The range of bison will likely expand as feeding is 
reduced/eliminated, potentially leading to more conflict on private agricultural and developed 
lands. 
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Monitoring— Draft once strategies are finalized. 
 
Enforcement— Draft once strategies are finalized. 
 
Constraints 
Constraints unique to bison management were largely related to disease transmission concerns 
and related policy (Table 7). For example, it is not currently possible to move bison out of the 
county, nor are bison currently allowed in the Gros Ventre near WGFD feedgrounds. Several 
identified alternative actions, fertility control and test and slaughter, were considered and 
rejected in the 2007 Environmental Impact Assessment (EIS) for the Bison and Elk Management 
Plan. The 2007 EIS similarly limits tribal harvest of bison. Moreover, there is uncertainty if an 
effective bison fertility control exists, which is a technological constraint. What constraints 
from the NER wintering elk constraints table should be carried over to the bison constraints 
table? 
 
Table 7. Management constraints identified for the bison population objective. 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Cumbersome hunt regulations 
Hunter access (especially from north of the NER) 
Easement limitation (NER boundary) 
Current restriction on moving bison out of county 

Social constraints 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Vendor numbers (are there enough for bison removals?) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts (fire) 
Fencing/wildlife conflicts 
Grizzly bear conflicts (potential) 

Funding constraints 
Easements 
Fencing 
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Fertility control 
Technological constraints 

Fertility control 
 
Note/reminder from initial fall meeting Nov. 2012: “Three-pronged approach” 1) how to use 
hunters to reduce #s, 2) how to get more on native, 3) explicit metric for winter mortality that is 
acceptable.  
 
Include a paragraph or two that describes 1) how phases are related to each other, 2) when we 
will claim we’ve been successful in Phase I, 3) how Phase II will be implemented (i.e., stepwise 
or all at once after success with Phase I, 4) whether meeting bison and elk objectives 
simultaneously will be necessary to begin implementing Phase II.  
 
Disease management – current plan doesn’t address CWD explicitly except to state that NER 
will work within WGFD’s plan (should be out 2015). Need to write justification for increased 
emphasis on managing CWD threat. This is in conflict with brucellosis objectives that state 
feeding will be used to minimize co-mingling. Use easements for the latter and to balance CWD 
management.  
 
Does the current distribution of collared animals represent animals on native range? The 
latter are under-represented in the sample. Assuming main influence on aspen is from elk on 
winter feedgrounds. 
 
Need to provide justification for just including aspen – explain aspen as an umbrella for other 
habitats. Aspen regeneration more responsive to management actions; highly-preferred by 
elk. 
 
Bison impact on wet meadow; will we keep reducing elk due to bison? Need to consider 
monitoring bison. Can we go lower than 500 or is it firmly set? 
 
Changes that have occurred since completion of BEMP – Winter distribution of elk has 
changed, calf ratios have declined excluding short-distance migrant segment, wolf presence 
may have exacerbated this, bison numbers, fires in Gros Ventre, habitat management to hold 
elk in GTNP. All agencies agreed the plan was doable but the distributional shifts challenge 
that currently – S.Cain…graph of proportional distribution of elk on feedgrounds (has 
increased as animals on native range have declined). Write this up and share with the group 
for edits. 
 



31 
 

Do we provide a set date of adjusting feeding criteria to build collaboration with publics who 
will be influenced by the change (public outreach)? The adaptive part is figuring out what 
number of elk the refuge can support, less so how to reduce numbers on winter feed. Will 
likely push off winter feeding regardless in an effort to maximize bison harvest (i.e., late 
January season). 
 
Include a summary of the actions in this plan that tier off of the BEMP vs. those that would 
trigger NEPA. This would include defining strategies succinctly and the threshold that would 
trigger NEPA. In this way we can move forward with actions that step down from the BEMP 
and have a trigger for initiating NEPA if, and only if, necessary.   

1) Removed ‘Grand Teton NP harvest’ from the bison alternatives table because it was not 
in the BEMP and would therefore trigger NEPA and an act of Congress would be 
necessary (for a hunt, not a cull). A bison cull in GTNP would still trigger NEPA. Included 
agency cull (see below).  

2) Test and slaughter for bison was reviewed and rejected in the BEMP – many reasons to 
not do it.  

3) An agency bison cull would trigger NEPA 
4) Herd-wide fertility control in bison would similarly trigger NEPA 
5) Elk fertility control in GTNP south? This is currently an action in an elk strategy that 

would trigger NEPA, yet we haven’t excluded it from the main plan, simply stated it 
would need NEPA. 

 
Wolf management to facilitate elk winter use of native range. 
 
We need to make sure the co-mingling mitigation tools are articulated and implementable; 
this can be started as soon as possible so that when we start adjusting feeding to change elk 
distribution we are a bit ahead of the game.  
      
 
 
Models 
If the fundamental objective is to minimize the number of animals on feed we need to 
conceptualize the relationship between elk density and winter feeding. To do this I thought it 
would be easiest to define the proportion of Kcal in elk diets from feed as a function of elk 
density while accounting for standing forage. I created a figure to represent this; no feeding 
occurs at low densities of elk (<1 animal per 300 lbs available forage), then asymptotically 
approaches all Kcals coming from feed as density increases. We can change the threshold of 
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when feeding starts as necessary.

 
While this simple model helps us think through winter feeding and elk numbers, it ignores elk 
survival as a function of available forage. I don’t think we can ignore that, especially calf 
survival? It seems to me that what we are trying to do is 1) encourage elk to distribute 
themselves more broadly by being less conservative with winter feeding (i.e., change the 
shape of the figure above) and conducting late-season hunts, while 2) staying within an 
acceptable range of winter mortality, especially calf mortality. I’ve been thinking about this in 
this manner since Tim’s comments on winter survival at the last meeting. I understand that 
we’re working toward achieving desired conditions, but I imagine we’ll quickly lose public 
support if they see a pile of dead calves. And I don’t think they’ll view sparing aspen from elk 
browse is worth that.  
 
Here’s a figure of the hypothesized relationship between calf survival and available forage.  
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We could use existing information to estimate the two relationships represented in the 
figures, which would provide us with a set of models to predict winter calf mortality as a 
function of available forage, and then see where we can get with less conservative winter 
feeding. This would allow us to articulate to the public that we’re trying to not go above 
some level of calf mortality while reducing the number of elk on the refuge by being less 
conservative with feeding. If we can’t successfully reduce the number of elk on feed without 
going beyond the calf mortality rate deemed acceptable then we’ll know we need to 1) get 
support for possibly allowing higher calf mortality, 2) use some other identified action to 
distribute elk during winter, or 3) reduce the overall objective/number of elk.   
 
We could concurrently monitor aspen condition so that as we alter distribution of animals on 
the refuge we learn how that influences the likelihood of aspen growing through the browse 
zone. This would allow us to relatively seamlessly transition into phase 2 of the plan.  At that 
point the question becomes ‘can aspen reached desired condition when we maximize the 
number of elk on standing forage at the current population level (density).  
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Adaptive management uses models of the managed system to link the objective response (e.g., 
desired habitat condition) to changes in the system resulting from management actions (e.g., 
altered elk distribution).  
 
We need to have a spatially-explicit model (set of models) that links desired conditions to elk 
and bison abundance and distribution. If we divide the refuge into 16 ha (40 acre) blocks we 
can then build a model to predict desired condition in that block during a period of time in 
response to elk and bison use. The latter is similar to EFD and BFD in needing to combine 
abundance and time animals are in a block. From a management perspective this is most 
influenced by feeding and harvest. Desired habitat condition is a function of animal use 
 

𝐸𝐸𝐷𝐷𝑡𝑡(𝑝𝑝) = 𝑓𝑓(𝑈𝑈𝑡𝑡(𝑝𝑝)), 
   
where 𝐸𝐸𝐷𝐷𝑡𝑡(𝑝𝑝) is the desired condition in block i during time t and 𝑈𝑈𝑡𝑡(𝑝𝑝) is the combined use of 
block i during time t by elk and bison. Takes a special case of circumstances to have escapement 
occur. (this can be separated so each species has its own term and they are additive – not 
sure how that would look, but seems easily doable). Use is the product of animal abundance in 
block i in time t, 𝑛𝑛𝑡𝑡(𝑝𝑝), and days present, 𝑑𝑑𝑡𝑡(𝑝𝑝) (may be more realistic to have larger time frame, 
e.g. weeks, that is realistic from a monitoring perspective), such that  
 

𝑈𝑈𝑡𝑡(𝑝𝑝) = 𝑛𝑛𝑡𝑡(𝑝𝑝)𝑑𝑑𝑡𝑡(𝑝𝑝). 
 

Animal abundance, n, in turn, is a function of the proportion of animals (𝑝𝑝𝑡𝑡(𝑝𝑝)) present in block i 
at time t 
 
 

𝑛𝑛𝑡𝑡(𝑝𝑝) = 𝑝𝑝𝑡𝑡(𝑝𝑝)𝑁𝑁𝑡𝑡, 
 
where 𝑁𝑁𝑡𝑡 is the total population during time t. Lastly, 𝑝𝑝𝑡𝑡(𝑝𝑝) can be described as a function of 
hunting, winter feeding, and other block attributes (this latter group should be included at a 
general level and is something we need to discuss; most of our interest lies in the response of 
animals to hunting and feeding).  
 
We assumed a negative linear effect of winter feeding on animal use of a block, i.e., use 
increases linearly with decreasing distance from a feedground. The influence of hunting on 
animal use in a block was assumed to have a pseudo-threshold functional form. This accounts 
for the discrete boundaries between open- and closed-hunt units such that the effect of 
hunting on animal use declines rapidly with distance from open-hunt units and approaches an 
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asymptote. What are the attributes of each cell that predict use – distance to feed grounds, 
hunt management, aspect, slope, distance to road, fencing. This is a significant component we 
need to figure out. I can try to provide some examples to help with the conversation. The 
other big component to work through is what exactly DC is – I’m still partial to working this 
this using aspen as an example. ‘Heavy lifting is defining DC and quantifying it’ (Kerry). We 
may find that to be about as much as can be handled with current resources. If that is true, 
we’ll have to think through how we can justify just one (or maybe 2-3) of the desired 
conditions for monitoring. If cottonwoods are less preferred than aspen we can probably 
easily get away from intense monitoring of cottonwoods by assuming they are likely doing 
well if aspen are. Different story for willows, but maybe it will take fence to get willows back 
at nearly any level of elk/bison at this point.   
 
Monitoring 
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APPENDIX I 
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Figure 1.A1. Schematic representation of Bison and Elk Management Plan vision, goals, objective categories, objectives, measureable attributes and performance criteria. Bolded boxes and arrows represent the objective 
outlining the phased approach to population management by adaptively managing elk and bison populations for desired conditions. Stippled boxes represent measureable attributes and performance criteria for desired 
conditions defined in the National Elk Refuge Comprehensive Conservation Plan. Grayed-out boxes represent objectives, measurable attributes, and performance criteria wholly (e.g., public education) or largely (e.g., 
invasive species management) independent of desired conditions related to elk and bison population objectives, and therefore not considered in this plan. 

Habitat Conservation Disease Management Sustainable Populations Numbers of Elk and Bison 

Land 
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Habitat 
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ID 
lands 

Sprinkler 
Irrigation 

Flood 
Irrigation 

Invasive 
Species 

Sage and 
Grass 
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Willow Aspen Cottonwood Wet 
Meadow 

Structured 
Framework
  

Phased 
AM 

GTNP Elk 
Sex Ratios 

Bison 
Popn 

Public 
Education 

WGFD 
Herd Objs. 

JEH Bison Livestock 
Trans. 

Elk & Bison 
Trans. 

Human 
Risk Ed. 

Acres lbs. per 
Acre 

lbs. per 
Acre 

Acres 
Restored 

 Acres Class 
Acres 

Stem 
Den. 

Class 
Acres 

Stem 
Den. 

Class 
Acres 

 Criteria/ 
Actions 

Desired 
Cond. 

 Sex ratio Popn #  Popn # Popn #    

Measureable Attributes 

5000 lbs/ac 
400 ac 

2500 lbs/ac 
700 ac 

2500 lbs/ac 
500 ac 

≤ Weed 
Threshold 

 ≤ 2400 
Acres 

≥800 
stems/ac 

>80 in 

800 ac 
Class I/II 

1000 ac 
Class I/II 

≥0.17 
stems/m 

>80 in 

 

Performance Criteria 

5000 Elk 
500 Bison; 

Desired  
Habitat 

Conditions  

35 Bulls: 
100 Cows 

500  11000    

‘Manage bison and elk in a manner that contributes to the state’s herd objectives 
yet allows for the biotic integrity and environmental health of the resources to be 

sustained (BEMP Desired Conditions). 
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Adaptive Management of Winter 
Feeding at the National Elk 

Refuge



Where are we?
• Initial focus on Phase I

– 5000 elk on winter feed at NER
– 500 bison
– Completed strategies and actions to achieve Phase I

• ‘Re-focused’ on including Phase II (spring 2014)
– ‘Adaptively manage bison and elk…to achieve desired 

conditions.’
– Defined ‘desired conditions’ using BEMP objectives, 

primarily habitat, JEH population objectives, and 
disease management



Where are we?

Initial thought was Phase 
2 would incorporate three 

remaining BEMP 
objectives (Appendix I)



Where are we?
• Last meeting – post-hiatus

– Record of Decision interpretation
• 6 considerations for adaptive management
1) Forage production
2) Desired herd size and ratios
3) Mitigation of co-mingling
4) Winter distribution patterns 
5) Disease prevalence
6) Public support

– Steve C. – simplify, do habitat conditions need to 
be considered now?

– Tim – elk survival



Where are we going?

• ROD interpretation and simplification
• Adaptively managing populations is only

mentioned in the Sustainable Populations goal
• ROD describes adaptive management only in 

context to six criteria and does not mention 
habitat triggers
‘Develop…adaptive management actions…for 
progressively transitioning from intensive supplemental 
winter feeding to greater reliance on free-standing 
forage, based on [six] considerations’



What does it look like?
Sustainable 
Populations

Minimize ‘number 
of animals on 

feed’

1) Forage 
production

2) Desired herd 
size

3) Mingling 
mitigation

4) Winter 
distribution

5) Disease 
prevalence

6) Public support

Goal

Objective

Criteria

500 bison
5000 elk

500 bison
5000? elk

Phase 1

Phase 2



What does it look like?

• Sustainable populations objective & strategies
– ‘Animals relying predominantly on available native 

habitat and cultivated forage’
– ‘Complete transition to free-standing forage’

• Need to more precisely define these statements 
to identify success
– Minimize ‘the number of animals on feed while 

achieving the state’s population objectives’

‘Greater reliance 
on free-standing 

forage’
Objective



What does it look like?

1) Forage 
production

2) Desired herd 
size

3) Mingling 
mitigation

4) Winter 
distribution

5) Disease 
prevalence

6) Public support

Triggers

500 bison
5000 elk

500 bison
5000? elk

Phase 1

Phase 2

Plan to date provides 
actions for ROD criteria 
excluding 5 & 6

Distribution to 
minimize threat?

Winter mortality 
of elk?



Disease prevalence

• Brucellosis 
– Mingling mitigation actions defined
– Winter feeding actions identified to minimize 

intra-specific transmission
– No distribution actions identified otherwise

• Chronic wasting disease
– Current plan moving toward minimizing wintering 

elk density

• Minimize density for this criteria?



Public support

• Public has low tolerance for winter mortality 
of elk on NER

• If actions lead to significant increase in elk 
winter mortality would public outcry end this 
plan’s efforts?

• Primary source of uncertainty we currently 
haven’t addressed?



Public support

• Assuming reduced winter feeding at NER is an 
action undertaken to achieve ‘greater reliance 
on free-standing forage’

• Can we provide a simple relationship between 
winter feeding and elk survival to 
communicate the uncertainty to the public 
and demonstrate efforts to minimize elk 
mortality as winter feeding is reduced?



Hypothesized elk feeding 
relationship



Hypothesized elk winter mortality and 
forage availability relationship (calf)



Public support

• Would this direction require any additional 
actions in the plan?
– Outreach efforts already identify need to discuss 

elk winter mortality
– Add more explicit reference to this aspect
– Capture any necessary monitoring changes



What’s next?

• Make edits to current draft plan to reflect today’s 
discussion

• Integrate Phase 1 & 2 in introduction
• Revisit strategies – anything missing?
• Articulate 3 key uncertainties (distribution, 

mortality, desired herd size); actions, response, 
predicted relationships, monitoring
– Bulk of work is to come up with details of how to 

progress in an adaptive fashion
– Articulate relationship between changes in winter 

feeding and distribution and mortality



Since we’ve here…

• Changes that have occurred since BEMP 
signing
– Distributional shift away from native range – can I 

get the raw data for displaying graphically in the 
plan?

– Calf ratio decline, excluding southern segment
– Bison numbers
– Gros Ventre fires
– GTNP Habitat management  



From: Steve Kallin
To: Cris Dippel; Eric Cole
Cc: Jeffrey Warren
Subject: FW: current draft and last meeting presentation
Date: Tuesday, February 03, 2015 2:27:18 PM
Attachments: NER_draft_AMP_17_December_2014.docx

NER_AMP_mtng_12_17_2014_presentation_Warren.pptx

 
Cris/Eric:
 
Jeff Warren will be arriving next Tuesday about noon.  We will all meet with him at 1:30 PM on
Tuesday to review, plan and develop strategy in preparation for the AMP meeting in order to
maximize our progress in developing this Draft AMP.  Jeff asked that we review the most recent
Draft AMP (attached) in preparation for the Tuesday meeting with him. 
 
Thank you,
 
Steve Kallin
Project Leader
National Elk Refuge
PO Box 510
675 East Broadway
Jackson, WY 83001
Phone: (307) 201-5409
Fax: (307) 733-9729
steve_kallin@fws.gov
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406 276-3536 ext. 106
 
 
“I believe that a scientist looking at nonscientific problems is just as dumb as the next guy.”  Richard
Feynman
 



 

 
 

 
 

NATIONAL ELK REFUGE ADAPTIVE BISON AND ELK MANAGEMENT PLAN 
 

DRAFT 
17 December 2014 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

1 
 

Introduction 1 
 2 
Uncertainty regarding how to reach objectives for elk and bison populations, desired habitat 3 
conditions, and disease management in Jackson Hole remains after many years of study and 4 
debate. Determining an effective set of management actions to meet multiple and potentially 5 
conflicting objectives is needed. In an effort to address this, an adaptive management (AM) 6 
approach is being undertaken (Walters 1986). There are four essential elements to an adaptive 7 
management approach: 1) well defined and mutually agreed upon objectives, 2) clearly 8 
articulated management actions and strategies, 3) a model, or competing models, describing 9 
the dynamics of the system being managed, and 4) a monitoring program to quantify system 10 
response to management and allow estimation of the difference between the observed and 11 
predicted (from the model or models) system response. A fifth component, optimal decision 12 
making, is also included in some AM efforts. The AM approach is ‘adaptive’ because learning 13 
through management experiments (management actions implemented to change the state of 14 
the system) occurs. In single-model AM projects the learning results in better estimates of the 15 
effects included in the model, i.e., there is less uncertainty about how the system will respond 16 
to management actions. In multiple-model AM projects learning occurs through the 17 
competition of models in the model set. Each model provides a representation of a competing 18 
idea (hypothesis) about how the system works. The model that best predicts system response 19 
to management provides support that the hypothesis it represents is a better description of the 20 
system than the other hypotheses, reducing uncertainty about the system being managed.    21 
 22 
Uncertainty abounds in wildlife conservation and management.  For example, how survival and 23 
distribution of bison and elk will respond to different management actions is only modestly 24 
predictable. Similarly, what number of elk and bison the area can support based on desired 25 
conditions is largely unknown, and likely varies in response to environmental variation (e.g., 26 
weather, habitat heterogeneity). These types of uncertainty are often referred to as process 27 
error, i.e., imperfect knowledge of the biological system being managed. A second type of 28 
uncertainty is related to our inability to conduct a complete census of a population, i.e., partial 29 
observability (Williams 1997). This is sampling variation associated with wildlife monitoring, 30 
also commonly referred to as observation error (Hilborn and Mangel 1997). Process and 31 
observational error create uncertainty that limits a manager’s ability to make informed 32 
management decisions.  33 
 34 
The Bison and Elk AM plan will embrace existing uncertainty regarding drivers of bison and elk 35 
wintering abundance and distribution, and survival, in the Jackson Hole area and on the 36 
National Elk Refuge (NER), provide further understanding of important limiting factors, and help 37 
guide management actions toward those that will have the most direct benefit to achieving 38 
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stated goals and objectives. The Bison and Elk Management Plan (BEMP; USFWS and USNPS 1 
2007a) provides goals, objectives, and strategies related to bison and elk population in the 2 
Jackson Hole area and within the NER. The AM plan is an extension of the BEMP, providing an 3 
adaptive management framework to achieve the goals and objectives of the BEMP. Therefore, 4 
the AM plan is considered a step-down plan to the BEMP and utilizes the goals and objectives 5 
within the BEMP. Strategies from the BEMP were incorporated into additional strategies 6 
considered during the development of the AM plan. The AM plan and associated efforts is an 7 
opportunity to collectively learn from ongoing work to manage elk and bison in the Jackson 8 
Hole area. 9 
 10 
The BEMP contains four goals (Fig. 1) and 20 associated objectives (Appendix I). Completion of 11 
an AM plan to manage bison and elk populations is specific to the Sustainable Populations 12 
BEMP goal (Fig. 2). The Sustainable Populations BEMP goal outlines ‘a phased approach to 13 
reducing the number of animals on [supplementary winter] feed’ feed while achieving 1) 14 
Wyoming Game and Fish Department (WGFD) population objectives for the Jackson Elk Herd 15 
(JEH) and 2) an elk sex ratio in Grand Teton National Park (GTNP) of 35 bulls for every 100 cows. 16 
The first phase sets initial population objectives at 5000 elk on winter feed. The second phase 17 
calls for elk populations that are adaptively managed to “achieve desired conditions, with 18 
animals relying predominantly on native habitat and cultivated forage”. The bison population 19 
objective of 500 animals post-hunting season was determined based largely on maintaining 20 
genetic heterozygosity while minimizing other conflicts (USFWS and USNPS 2007a). Unlike the 21 
second phase elk objective, the bison objective is independent of desired conditions.  22 
 23 
Desired conditions on the NER relate to six criteria to be considered as triggers for management 24 
actions for ‘progressively transitioning from intensive supplemental winter feeding to greater 25 
reliance on free-standing forage’. These considerations are: 1) Level of forage production and 26 
availability on the National Elk Refuge, 2) Desired herd size and ratios, 3) Effective mitigation of 27 
bison-elk-cattle mingling on private lands, 4) Winter distribution patterns of elk and bison, 5) 28 
Prevalence of brucellosis, chronic wasting disease, and other wildlife diseases, and 6) Public 29 
support. For example, forage production desired conditions are articulated in the Habitat 30 
Conservation objective of the BEMP; the current trigger for starting supplemental winter 31 
feeding is based on available forage (see below). Desired herd sizes and ratios are similarly 32 
defined in the BEMP (e.g. Phase 1 NER wintering elk objective of 5000, see above), however a 33 
significant component of the adaptive management plan is determining the number of 34 
wintering elk the NER can support while achieving the other desired conditions.  35 
 36 
The Phase I objective of 5000 elk appears to have originated from Hobbs et al. (2003). This 37 
report, based on three simulation exercises, concluded that “in average SWE [snow-water 38 
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equivalent] winters with average pre-winter precipitation and 500 bison, roughly 16,000 elk can 1 
find forage on the Greater Teton Ecosystem without incurring forage deficits and roughly 5,000 2 
elk can find forage on the NER without incurring deficits.” Hobbs et al. (2003) do not explicitly 3 
define winter in the report, but appendix B of the report describes the ‘entire winter’ as 4 
‘roughly November 1st to July 1st’. Presumably the numbers given in the report represent the 5 
number present throughout the winter period, although this is not explicitly stated. It is 6 
important to note that elk use stored energy reserves during winter, so incurring a forage 7 
deficit does not imply an immediate threat (Hobbs 1989, Cook 2002).  8 
 9 
The number of elk on winter feed on the NER and bison in the Jackson Bison Herd (JBH) 10 
currently exceeds the Phase 1 objective from the existing BEMP (Fig. 1) (USFWS and USNPS 11 
2007a). The JEH, which includes elk wintering on the NER, is within WGFD objective, while the 12 
JBH population is above objective. Therefore the primary issues for reaching Phase 1 population 13 
objectives are related to 1) distribution of elk during winter, and 2) abundance of bison.   14 
 15 

 16 
Figure 1. Hierarchical relationship among the vision, fundamental objectives and Phase 1 17 
objective for elk and bison in the Bison and Elk Management Plan (USFWS and USNPS 2007a). 18 
The Phase 2 wintering elk population objective the National Elk Refuge (NER) is ‘to adaptively 19 
manage …elk populations with animals relying predominantly on native habitat and 20 
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cultivated forage’. The NER winter elk population objective is a sub-objective of the Jackson 1 
elk herd (JEH). 2 
 3 

 4 
Figure 2. Hierarchical relationship among the Sustainable Populations goal, the objective for a 5 
phased approach to reducing the number of animals on feed, and the six considerations for 6 
the adaptive management plan vision, as defined in the Bison and Elk Management Plan 7 
(USFWS and USNPS 2007a). Phase 1 and Phase 2 population objectives for elk on the National 8 
Elk Refuge and bison in the Jackson Hole area are shown in relation to the desired herd size 9 
consideration. 10 
 11 
Population of Interest 12 
A succinct and precise definition of the populations of interest is essential for developing 13 
models of system dynamics and appropriate monitoring, and determining if objectives are 14 
being met. Bison and elk populations of interest differ slightly in definition as stated in the 15 
BEMP objectives. The bison objective is for the post-hunt population within the Jackson Hole 16 
area (the Jackson Bison Herd [JBH]), inclusive of the NER. Conversely, the elk population 17 
objective for the NER is specific to the number of animals on feed at the refuge, and is a sub-18 
objective within the broader Jackson Elk Herd (JEH) (Fig. 2) post-hunt objective set by the 19 
Wyoming Game and Fish Commission (a governor-appointed policy-making board). Elk herd 20 
unit boundaries are determined by the WGFD and represent population boundaries where 21 
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there is an estimated annual interchange with surrounding herds of <10% (Emmerich et al. 1 
2007).  Approximately 65% of the JEH winters on the NER based on February classification 2 
counts (see below for definition of classification counts; USFWS & WGFD unpubl. data). The 3 
Jackson bison herd primarily winters on the NER (~90%), but range much further during the rest 4 
of the year (USFWS & WGFD unpubl. data). Geographic range of bison, figure, etc. It would be 5 
best to include a single figure that delineates the JEH and bison population. Eric has the 6 
shapefiles to update the figure. 7 
 8 
Determining if the BEMP population objectives are being met requires periodic estimates of the 9 
populations of interest. There are two components to the population objectives that need to be 10 
considered — where animals are and when they are there.  The BEMP bison population 11 
objective is the same for the JBH as it is for the NER, i.e., there is not a sub-objective specific to 12 
the Refuge as there is for elk. Moreover, the bison population objective is less temporally 13 
specific than that for elk, the former being an annual post-hunt population objective and the 14 
latter being defined based on the number of animals on feed. This aspect of the elk objective 15 
increases the difficulty in estimating the population of interest due to movements of animals 16 
into and out of feedgrounds during winter feeding. More importantly, the amount of time elk 17 
are on feed varies among years.   18 
 19 
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 1 
Figure 2. Jackson Elk Herd unit boundary, including the National Elk Refuge and Grand Teton 2 
and Yellowstone National Parks. INCLUDE BISON RANGE IN THIS FIGURE. 3 
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While not explicitly stated, the BEMP was written with an assumption that annual classification 1 
counts were to be used as the metric to determine if population objectives were being met, i.e., 2 
as a proxy for the number of elk on feed at the NER. Classification counts are a coordinated 3 
census of the JBH and JEH, collaboratively undertaken during early February by WGFD and the 4 
NER. These counts are undertaken during a single survey period and do not necessarily 5 
represent either peak or cumulative abundance (i.e., the greatest number of animals present 6 
on a single day during a winter, or the sum total of animals present throughout a winter, 7 
respectively) of bison or elk on feed. Elk and bison are enumerated by age and sex classes, 8 
providing population class structure information as well as overall abundance. Elk classes 9 
recorded during the classification count are calf, cow (includes yearlings), spike bull, and 10 
mature bull; bison classes are calf, yearling cow, yearling bull, adult cow, adult bull. A 5-10% 11 
difference typically exists between the classification count estimate and the daily number of elk 12 
on feed during peak abundance. Peak elk abundance on the NER during 2007–2013 occurred 13 
late February through the first week of March (USFWS unpublish. feedline data) (Fig. 3). 14 
Proposed changes to a less conservative feeding program that would result in a later initiation 15 
of winter feeding (see Development of Alternative Management Actions and Strategies 16 
below) could increase the difference between when the classification count is conducted and 17 
peak numbers of elk on feed. A less conservative feeding program could also result in initiation 18 
of feeding on the NER after the classification count has been completed in some years. Lastly, 19 
the classification count may be replaced in the near future by survey (i.e., not a census) 20 
methodology used elsewhere in the state by WGFD for estimating elk abundance. The new 21 
survey methodology may not provide suitable NER-specific estimates of elk abundance for 22 
determining if Refuge population objectives are being met.  23 
 24 
Beyond logistical or methodological considerations, a single elk population estimate in time 25 
would not adequately capture the dynamic nature of elk abundance in relation to winter 26 
feeding on the NER. For example, 5000 elk on winter feed (the current BEMP Phase 1 objective) 27 
for three months would likely have a greater impact on NER habitats than 5000 elk on feed for 28 
a single month. The BEMP Phase 1 elk population objective is not defined by time, leaving it 29 
open for interpretation whether the objective was intended as a mean number of animals fed 30 
during a winter, a maximum number fed, or a cumulative number fed. To address this issue 31 
while staying within the implied intent of the BEMP, we chose elk-fed days (EFD; the cumulative 32 
number of elk fed during a feeding season) as the metric for determining if the elk population 33 
objective is being met. This number combines both the spatial and temporal aspect of animals 34 
on the NER, providing better accounting of potential effects than a single classification count. It 35 
is also believed that this is more consistent with winter carrying-capacity projections estimated 36 
in Hobbs et al. (2003). The Phase I objective of 5000 elk on feed is defined relative to elk-fed 37 
days as  38 
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 1 
𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑑𝑑 ∗ 5000 elk, 2 

 3 
where d is the mean number of days of feeding from 1995–2007 (64 days [SD = 22]). This time 4 
span was selected to maintain consistency with the data used in developing the BEMP. The 5 
benchmark historical value is then 320,000 EFD. Bison-fed days (BFD) can similarly be calculated 6 
as 31,500 BFD for bison using d = 63 days (SD = 22) and the bison population objective of 500 7 
animals. This latter value provides an important historical perspective on winter feeding of 8 
bison and can assist in determining efficacy of management actions toward accomplishing the 9 
bison objective; post-hunt bison abundance will be the definitive number used for determining 10 
if the bison population objective is being met.   11 

 12 
Figure 3. Mean daily elk abundance on the National Elk Refuge during winter feeding, 2007–13 
2013. Data are from feedline counts for calendar dates where feeding occurred during all 14 
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years, i.e., February 12th (calendar date 43) through March 21st (calendar date 80). Counts 1 
were conducted from feeding equipment.   2 
 3 
Limiting Factors – DELETE THIS SECTION, OR EXPAND IN THE MODELING SECTION? 4 
Limiting factors are demographic components that limit population growth of a species. 5 
Identifying limiting factors, perceived and documented, help us better define existing 6 
uncertainty regarding drivers of elk and bison population and potential management actions, 7 
and monitoring to link the two together. In the current situation where management aims to 8 
reduce or limit a population to a specified objective, our understanding of limiting factors can 9 
be capitalized on to regulate population. For example, elk population growth is highly sensitive 10 
to adult female survival (Nelson and Peek 1982, Raithel et al. 2007), and therefore increased 11 
hunter harvest on adult females is a common approach to reduce elk populations. In this 12 
scenario, increased hunter harvest of adult females is the management action that could be 13 
employed to reduce a population to objective. This assumes population abundance is the issue 14 
to be addressed. Conversely, if population distribution is the primary issue to be addressed 15 
management actions to alter animal distribution would be employed.  16 
 17 
Winter distribution of elk and bison on and near the NER is influenced by winter feeding. The 18 
present feeding program is conservative in implementation of feeding to minimize elk 1) winter 19 
mortality of the most susceptible group, calves, and 2) comingling issues with cattle on adjacent 20 
private lands. Therefore, current feeding programs are minimizing a potential limiting factor – 21 
winter mortality. Moreover, winter feeding alters the distribution of elk and bison, which can 22 
result in localized concentrations of animals above stated objectives.   23 
 24 
Development of Alternative Management Actions and Strategies 25 
Alternative management actions were identified during a meeting of stakeholders at the NER 26 
22 May 2013. Alternative actions, and constraints, were developed for the NER winter elk 27 
population and the JBH. A series of further meetings (25 July, 20 August, 12 September, 23 28 
October, and 13 November 2013, and 22 January, 24 February, and 7 April 2014) were held to 29 
create management strategies, i.e., collections of actions that form complete and comparable 30 
alternatives (Gregory et al. 2012).  31 
 32 
Reference case—It is helpful to identify a reference alternative that captures the recent and 33 
ongoing management actions that have led to the current state of the system for comparing 34 
with new alternatives that are developed. Ongoing management actions include winter feeding, 35 
irrigation, harvest, and hazing.  36 
 37 
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Big game population objectives in Wyoming are evaluated and updated at least every five 1 
years. Objectives represent the preferred number of animals during winter within a herd unit 2 
(e.g., the Jackson Elk Herd) and are determined based upon multiple factors, including 1) 3 
available habitat to support the defined population, 2) hunting access, and 3) tolerance for 4 
wildlife on private lands by landowners (Tassell et al. 1995). Public input on proposed 5 
population objectives is obtained during public hearings. After the hearings the proposed 6 
population objectives are sent to the Wyoming Game and Fish Commission for review and 7 
approval. The NER, GTNP, and Bridger-Teton National Forest (BTNF) have participated in WGFD 8 
big game population objective review and revision processes in the past for both the JEH and 9 
JBH. These federal agencies will continue to participate in objective setting for the JEH and JBH 10 
populations. 11 
 12 
The current JEH winter feeding program includes two groups of feedgrounds – one on, and 13 
managed by, the NER, and the second managed by WGFD. The latter are the Alkali, Fish Creek, 14 
and Patrol Cabin feedgrounds, collectively known as the Gros Ventre feedgrounds, located on 15 
BTNF lands. Initiation of feeding is currently conservative, i.e., has the primary objectives of 16 
minimizing elk 1) winter mortality of the most susceptible group, calves, and 2) comingling 17 
issues with cattle on adjacent private lands. Winter feeding begins when available forage 18 
reaches approximately 300 lbs acre-1 at key index sites. Available winter forage for elk and bison 19 
on the NER is largely determined by snow conditions, rate of forage consumption during fall 20 
and winter, and biomass of forage produced during the previous growing season.  21 
 22 
Forage biomass (metric tons) is correlated with the amount of precipitation (mm) during May–23 
August (𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 50.31, R2 = 0.91; 1995 and 1998–2006, NER unpubl. data), and secondarily 24 

affected by the number of irrigated acres.  Refuge-wide herbaceous forage production 25 
averaged 14,387 (SD = 4125) tons during 1998–2013, and in recent years irrigation of 26 
approximately 3,600 acres has increased forage production by approximately 10% compared to 27 
what would have been produced with precipitation alone. Estimation of forage biomass is done 28 
annually based on sampling at index sites. Index sites are selected subjectively each year based 29 
on presence of vegetation highly palatable to elk such as naturally sub-irrigated wet meadows, 30 
irrigated areas with significant green vegetation, and in years with adequate late summer/early 31 
fall precipitation, native dry grassland plant communities with basal green up.  32 
 33 
During 1995–2013, mean initiation of winter feeding on the NER was 28 January, ranging from 34 
30 December to 28 February. Mean termination of winter feeding during this same period was 35 
3 April, ranging from 20 March to 20 April. Initiation and termination dates vary widely based 36 
on winter conditions. Excluding years in which feeding did not occur, mean initiation and 37 
termination dates for winter feeding during 1976–2013 at the Gros Ventre feedgrounds 38 
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occurred during the second week of January and first week of April, respectively (Table 1). This 1 
resulted in approximately 3 months of feeding each year.  2 
 3 
Table 1. Winter feeding mean initiation and termination dates and total days for the Gros 4 
Ventre feedgrounds managed by Wyoming Game and Fish Department. Standard deviations 5 
are provided parenthetically. 6 

Feedground Initiation Date Termination Date Total Days 
Alkali 10 January (18.8) 7 April (13.5) 89 (23.5) 
Fish Creek 9 January (12.3) 4 April (17.1) 85 (21.0) 
Patrol Cabin 11 January (13.5) 4 April (11.6) 84 (19.0) 

 7 
Winter feeding coordination between the NER and WGFD occurs annually. Feeding in the Gros 8 
Ventre feedgrounds is targeted specifically to assist in keeping animals from moving to the NER; 9 
for example, animals are more likely to move to the NER if feeding is occurring there and not at 10 
the Gros Ventre feedgrounds, where the opposite up-slope migration is less likely. Termination 11 
of feeding at feedgrounds needs to be coordinated so animals moving to the NER after feeding 12 
ends on the Gros Ventre feedgrounds do not remain at the refuge. This coordination will 13 
continue regardless of the management strategy employed.  14 
 15 
Bison are fed as necessary to ensure elk are adequately fed. Bison out-compete elk for forage 16 
resources, so the typical strategy is to keep bison at the northernmost NER feedground 17 
(McBride) by feeding them prior to feeding elk. Bison are fed separately from elk and are given 18 
a ration adequate to ensure they do not move to elk feeding areas. This also influences 19 
distribution of bison in the winter, reducing conflict associated with bison moving into 1) 20 
Jackson, and 2) the Nowlin unit of the NER where commercial sleigh rides occur.  21 
 22 
Total harvest of the JEH was reduced over the last decade as the population objective was 23 
reached (Fig. 4). Elk hunting on the NER (Hunt Area 77) typically begins in mid-October and 24 
ends in mid-December, with peak harvest in recent years occurring in late November to early 25 
December.  From 2005 to 2011 an average of 393 (SD = 56) hunters harvested 161 (SD = 38) elk 26 
per year during the NER hunt.  27 
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 1 
Figure 4. Jackson elk herd estimated harvest, 2002–2011. 2 
 3 
Associated with harvest on the NER, “tag and drag” is a retrieval service currently provided by 4 
two licensed outfitters. They are also licensed to guide on the NER. This program will continue 5 
regardless of the management strategy employed.   6 
 7 
Hazing of elk is currently only undertaken in spring to encourage elk (and bison) to move off of 8 
the NER. Attempts at post-hunting/pre-feeding hazing of elk to the north part of the refuge 9 
occurred (e.g., 2005–2006), but were largely ineffective with elk generally returning the 10 
following day to the south end of the NER. These efforts included hazing using ATVs, on foot, 11 
and on horseback. Reducing spring hazing to increase early-season harvest was considered as a 12 
potential action but not included due to 1) the perception that the loss of forage on the Refuge 13 
by resident elk during summer would offset gains due to increased harvest, 2) presence of 14 
wolves on the northern end of the Refuge may preclude the desired response of reduced 15 
hazing to keep elk on the north end of the Refuge, and 3) recently observed aspen recovery 16 
could be reduced if elk use increased on the north end of the Refuge.  17 
 18 
Fencing of hay stacks and livestock feedline areas has historically been used to mitigate conflict 19 
on private lands. Fencing as mitigation on private land will continue in a targeted fashion. For 20 
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example, a proposed mitigation in the Horse Creek area would involve a land trade with a 1 
private landowner to move livestock winter feeding operations off of a south facing slope that 2 
is a movement corridor for elk. Fencing three sides of the private land would separate the 3 
corridor from the livestock feedline. Targeted fencing of golf course greens and sand traps fall 4 
through spring has been successful in some situations for mitigating elk and bison presence in 5 
these areas. It is important to note that the county has a ‘wildlife-friendly’ fence policy and 6 
does not support fencing impermeable to wildlife. 7 
 8 
The outcome of the reference case described above for elk abundance and distribution during 9 
winter in the JEH is shown in table 2. Population objectives for the two feedground complexes 10 
are provided, as are annual elk abundances as measured during the classification count. The 11 
data presented in table 2 demonstrate the potential for reaching the Phase 1 NER winter elk 12 
population objective of 5,000 while remaining within the JEH objective of 11,000 (±10%). 13 
 14 
Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 15 
classification counts, 2011–2013, relative to the current objective. 16 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range* 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 

*Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 17 
  18 
Bison numbers grew exponentially from the 1970s until recently, peaking at 1059 animals in 19 
2007 (Fig. 5). Recent declines in the number of bison are largely attributable to increased 20 
hunter harvest on the NER. Bison hunting begins on August 15 and ends in early to mid-January; 21 
no bison hunting is allowed in GTNP, resulting in bison often staying in the park during the 22 
hunting season with only occasional movements onto the NER until severe winter conditions 23 
occur. Given this situation, harvest management balances extending the hunt as late in January 24 
as practicable without conflicting with winter feeding. The dynamic nature of winter conditions 25 
makes this unpredictable, and results in the use of emergency bison season extensions or 26 
reductions. For example, an emergency extension of the season (no later than 31 January) 27 
could occur if mild winter conditions precluded desired harvest levels earlier in the season. 28 
Conversely, an emergency closure may be necessary if winter weather conditions require 29 
feeding to commence before the predetermined season end date. 30 
 31 
Most bison harvest occurs on the NER, with some additional harvest on private and BTNF lands.  32 
Since the initiation of the bison hunt in 2007, mean harvest has been 210 (SD = 45.5) bison per 33 



14 
 

year.  This level of harvest has been sufficient to arrest the exponential growth of the 1 
population, reducing bison numbers from the peak in 2007 to 855 animals in 2013 (Fig 5). 2 
Licensing changes for hunting Jackson Hole bison were enacted in 2014 to increase harvest, 3 
especially of bison females.  These included a reduction in the bison female/calf license fee 4 
(from $416 to $263 for residents and from $2522 to $1022 for non-residents) and eliminating 5 
the once-in-a-lifetime restriction on a successful bison hunter to only those that successfully 6 
harvested a bull. Tribal bison harvest is currently defined in the BEMP to permit up to five 7 
animals for ceremonial purposes; tribal harvest generally occurs outside of the state bison 8 
season. Translocation of bison to tribal lands outside of Teton County is not currently permitted 9 
due to brucellosis concerns.  10 

 11 
 12 
Figure 5. Bison winter population in the Jackson Hole area, 1970–2013.  13 
 14 
Bison would likely occupy the Refuge year-round without management intervention, but as a 15 
result of hazing by refuge staff and disturbance by hunters, peak bison activity on the NER 16 
occurs January–April each year.  If bison fail to leave the NER following the cessation of 17 
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supplemental feeding they are typically hazed off the Refuge using all-terrain vehicles (ATVs) in 1 
late April to early May.  Hazing moves bison to GTNP, where they generally remain until mid-2 
July. From July to early August bison that return to the NER are hazed back to GTNP to protect 3 
forage for elk during the winter months. Hazing efforts in August cease within several days to 4 
weeks of the bison season in an effort to increase hunter harvest.  5 
 6 
National Elk Refuge 7 
Alternative management actions identified for meeting the NER winter elk population objective 8 
can be grouped into four categories, including 1) winter feeding management (both on and off 9 
the NER), 2) population management (harvest, culling, and fertility control), 3) habitat 10 
improvements (on and adjacent to the NER), and 4) mitigating private lands conflicts 11 
(leases/easements, incentives, fencing) (Table 3). The latter represent sequenced alternatives 12 
that would be necessary to implement due to wintering elk dispersing onto private lands 13 
adjacent to the NER in response to other management actions taken. A fifth group of 14 
alternatives associated with increasing public awareness (including local elected officials, e.g., 15 
county commissioners) of ‘natural’ levels of elk winter mortality were included after the 16 
meeting. These actions represent acknowledgement that the current feeding program results in 17 
reduced winter mortality, perhaps exacerbating already low public tolerance to increased 18 
winter mortality, whether episodic or perennial in nature. This group was expanded to include 19 
more targeted education and outreach efforts for landowners, sportsmen and agencies, and 20 
the WGFD Commission, depending on the strategy.  Lastly, a group for each of monitoring and 21 
enforcement were included to allow proper accounting of projected costs associated with each 22 
management action strategy.   23 
 24 
Table 3. National Elk Refuge winter elk population strategy table for identifying alternative 25 
management action strategies. Ongoing management actions that will be continued 26 
regardless of strategy selected are not included in the table; descriptions can be found in the 27 
‘Reference case’ description within the text. 28 

  

Reference 
Case 

NER-
focused 

Southern herd 
segment 
mngmnt 

Late 
Season 
Harvest 

Winter feeding management  
   No change X 
 

X X 
Less conservative (NER)  X 

  Population management  
   No change X 
   Increase harvest objectives in Hunt 

Areas 77 & 78  
 

X 
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Late-season refuge hunt (Hunt Area 
77)  X X X 
Coordinated late-season hunt (Hunt 
Areas 75, 77, 78, 80)    X 
Extend open period on Forest 
Service  

  
X 

Fertility control (Hunt Area 78 & 
GTNP South)  

 
X 

 Hunt Area 78 Hunter management 
program   X  

Habitat improvements  
   No change X 
   Fire management on NER and 

adjacent public land  X X X 
Private lands mitigation  

   No change X 
   Incentivize steer operations  X 

  Non-traditional landuse mitigation   X  
Public education/outreach (EO)  

   No change X 
   Increase public EO (including local 

elected officials)  X X X 
Increase landowner EO  X X 

 Increase sportsmen & agency EO   X  
Increase WGFD Commission EO  X X X 

Monitoring X 
   No change  X X 

 Increase  
   Enforcement  
   No change X 
   Minor increase  X X  

Major Increase  
  

X 
 1 
Winter feeding management—Management of winter feeding is a primary driver of elk 2 
distribution, and to a lesser extent abundance, in the Jackson Hole area. Feeding on the NER is 3 
initiated each year based on a series of factors, including the amount of forage on the NER, 4 
number of elk present, and snow conditions. Initiation of feeding is currently conservative (see 5 
Reference case, pg 5). A less conservative approach would result in later initiation of feeding, 6 
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therefore potentially increasing winter calf mortality and comingling. Including agronomic 1 
grassland plant communities without significant green vegetation and/or reducing the available 2 
forage threshold would result in a less conservative winter feeding program. Per capita ration 3 
levels would not change from the current level.   4 
 5 
Implementing a less conservative feeding program could result in very limited, or no, feeding 6 
given certain winter conditions. However, the criteria for a less conservative feeding program 7 
would not be such that it could be construed as ‘emergency feeding’, i.e., feeding only to 8 
preclude a catastrophic mortality event. Colorado, Idaho, and Utah provide examples of states 9 
that have emergency feeding policies. Existing evidence suggests that emergency feeding is not 10 
very effective (see review in Putman and Staines 2004). Moreover, the current feeding regime 11 
has been developed for non-emergency situations; a review of current rations and pellet 12 
composition would be necessary to adjust the program for emergency feeding.  13 
 14 
Population management—Hunter harvest is the primary tool employed for population 15 
management of elk and bison in Wyoming. Increased harvest objectives on/near the NER would 16 
target the southern segment (Hunt Areas 77 & 78), which is currently more productive (i.e., 17 
higher cow-calf ratios) than other JEH segments. Doing this would help achieve JEH objective 18 
while minimizing harvest on migratory segments. In order to track hunter harvest there would 19 
need to be an increase in monitoring, e.g., hunter self-registration.         20 
 21 
Elk hunting on the NER currently ends mid-December. Offering a late-season hunt (after 15 22 
December) would assist in deterring elk from moving onto the refuge. Without coordinated 23 
hunts in adjacent units (Hunt Areas 75 [GTNP], 78 and 80), and extended open access on BTNF 24 
lands in Hunt Area 80, the NER hunt would likely be ineffective in also significantly increasing 25 
harvest. Late-season harvest in Hunt Area 80 would include migratory Yellowstone elk, a 26 
declining herd segment of conservation concern. These proposed coordinated efforts would 27 
need to be approved by the Commission, BTNF, and GTNP.  28 
 29 
Fertility control was considered and rejected in the 2007 BEMP, so therefore could not be 30 
undertaken on federal lands without vetting in the NEPA process. Moreover, this action would 31 
need approval by the WGFD Commission prior to the state undertaking fertility control on 32 
private lands in collaboration with landowners in Hunt Area 78 and Grand Teton NP South 33 
would occur during summer on private lands. Research completed since signing of the BEMP 34 
indicates fertility control may be more tractable now than when it was considered during 35 
preparation of the BEMP. Killian et al. (2009) demonstrated effectiveness of GonaCon™, a 36 
gonadotropin-releasing hormone vaccine, in female elk. Dart-delivered 2 ml doses of 1000 μg 37 
GonaCon™ resulted in nearly complete infertility of females treated in September. Much of the 38 
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early research on this immunocontraceptive vaccine was for use in white-tailed deer, with 1 
regulatory approval of GonaCon™ for use in female white-tailed deer by the U.S. Environmental 2 
Protection Agency granted in 2010. There are no known dangers to humans or wildlife from 3 
eating animals that have been treated with GonaCon™. 4 
 5 
Most of the observed increase in segment population has occurred in the largely non-migratory 6 
Hunt Area 78 / Grand Teton NP south segment. Increased harvest in this segment would help 7 
address a number of issues, in addition to assisting in reaching Phase I objective. Harvest is 8 
nearly as liberal as possible at this time; the greatest limitation is hunter opportunity in 9 
residentially-developed areas. Elk use in those areas is increasing, necessitating continued 10 
collaboration with homeowner associations to improve hunter access within residential 11 
developments. Many associations have covenants that exclude firearms, but archery may be an 12 
option where firearms are excluded. There is also a growing constituency for trophy bulls in 13 
these areas.  14 
 15 
A hunter management program for Hunt Area 78 would coordinate private land access through 16 
a hunt manager as liaison to private landowners. This program would be modeled after similar 17 
programs in Montana, as well as several in Wyoming (Meteetse, Laramie Peaks, etc.).    18 
 19 
Habitat improvements—Habitat improvements discussed so far have focused on fire 20 
treatments on range adjacent to the NER to increase attractiveness of these areas to wintering 21 
elk. Opportunities exist for managed fire in certain areas, but opportunities for prescribed fire 22 
are limited. Fire treatments in lynx habitat would not be possible, therefore it would be 23 
necessary to determine if a conifer stand was suitable lynx habitat as based on tree cover. 24 
Conversely, areas within sage grouse core habitat (i.e., within a 4 mile radius of a lek) have a 5% 25 
disturbance cap that would similarly preclude fire treatment. Areas mapped as wildland urban 26 
interface (WUI) are available for treatment, but treatments need to be defined as a fuels 27 
reduction.  28 
 29 
There is potential to have fire management areas on the refuge, but the conflict with sage 30 
grouse on the northern portion of the NER, which is identified as sage grouse core habitat, 31 
would need to be addressed. The plan will therefore include prescribed fire even if it isn’t a 32 
primary tool. These changes would represent a small, ephemeral gain at best in changes to 33 
habitat that may result in more elk wintering outside of the NER. Wildland fire use (i.e., wildfire 34 
to meet resource objectives) is authorized forest-wide in the BTNF. Much of the BTNF adjacent 35 
to the NER is within the Gros Ventre Wilderness, which is managed to allow “natural processes 36 
of ecological change to operate freely. The number, size and intensity of fires [are managed to] 37 
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approximate the natural fire regime” (USFS 2013). Benefits from wildland fire use on adjacent 1 
national forest lands are therefore opportunistic in nature. 2 
 3 
Private lands mitigation—Easements and leases have been proposed as a means to minimize 4 
livestock and elk conflict related to brucellosis. Easements would incentivize steer operations 5 
by purchasing from willing sellers the right to have cow/calf pairs. Easements should also 6 
consider all winter feeding of livestock (e.g., horses), certain agricultural crops that are 7 
attractants to elk (e.g., irrigated hay), as well as hunting access. These easements would be 8 
purchased and enforced through agencies and local land trusts. Leases in the Spring Gulch area 9 
are not a suitable solution due to the current level of development; may be an option in Buffalo 10 
Valley assuming the weather allows animals to winter there. Leases/easements would need to 11 
include a statement that the individual would forfeit their right to make a depredation claim to 12 
WGFD.  13 
 14 
Non-traditional landuse mitigation would differ from that described above for traditional 15 
landuses. For example, the Jackson Hole Conservation Alliance is working with subdivision 16 
landowners to install landscaping that is less attractive, and more resistant, to elk and deer. 17 
Similarly, WGFD assesses subdivisions to identify issues for mitigation, and provides input to 18 
real estate developers and in county planning documents. Also, targeted hazing in subdivisions 19 
and golf courses is ongoing and will continue on an as-needed basis. 20 
 21 
Public education/outreach—Each partner agency will have the opportunity to become involved 22 
in the planning and execution of education and outreach (EO) efforts. Increased public EO 23 
efforts will be undertaken regardless of the strategy selected. These efforts will include 24 
increasing public awareness of, and tolerance for, natural levels of winter mortality in elk. This 25 
would be accomplished through local news releases and radio announcements, training for 26 
sleigh-ride contractors that includes information on winter mortality in unfed populations of 27 
elk, etc. Regular updates on the planning process and progress towards meeting objectives set 28 
out in the BEMP will also be provided to the public through NER media outlets. County 29 
Commissions will be included in public EO efforts to make sure they are aware, and supportive, 30 
of the agencies’ efforts.  31 
 32 
Landowner EO would differ between those engaged in more traditional agricultural landuse 33 
(i.e., ranching) and non-traditional landusers (i.e., residential developments, golf courses). The 34 
decision to change a livestock operation from cow/calf to steers (non-breeding) is a major 35 
decision.  It is not expected that ranchers would respond to an article in the paper, news story 36 
on the radio or even a letter.  This kind of effort will require primarily one-on-one interactions 37 
with an individual that has built relationships and trust within the community. This would 38 
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require a private lands biologist to work with private landowners in the area. The position could 1 
be a shared position among agencies. Conversely, EO focused on homeowners in exurban 2 
developments will focus more on meetings with homeowners’ associations, residential 3 
developers, etc., to provide information regarding living with wildlife, wildlife management and 4 
conservation, etc. All agencies will need to collaborate in initial efforts to reach key landowners 5 
and homeowner associations to convey the objectives and primary issues involved in managing 6 
elk and bison in Jackson Hole, as well as to express the importance of their involvement in the 7 
process. WFGD is currently doing this in some areas, e.g., Hunt Area 78.  8 
Sportsmen EO would include meetings with local and regional sportsmen’s clubs and ideally 9 
articles in club magazines, Wyoming Outdoors, etc.  General newspaper articles could also help 10 
disseminate information. This could be largely accomplished with existing staff.  11 
 12 
Agency EO is happening to some degree through AMP meetings.  It would be helpful to focus 13 
on two different groups; field staff and Regional Office managers.  Field staff are instrumental 14 
in achieving management actions on the ground, but also support changing public opinion in 15 
the local area through their personal interactions outside of work.  Regional office EO is 16 
essential in building the necessary support to obtain project resources and have support when 17 
controversies are elevated to their level.    18 
 19 
WGFD Commissioner EO will require personal contacts coordinated with WGFD.  Top priority 20 
will be the commissioner for this area and perhaps others.  This will include 1) tours of the NER 21 
and GTNP and 2) a briefing on alternative strategies resulting from the AMP. 22 
 23 
Monitoring—Draft once strategies are finalized. 24 
 25 
Enforcement—Draft once strategies are finalized. 26 
 27 
Contstraints 28 
Constraints that were identified for managing wintering elk population on the NER were diverse 29 
and included policy/regulatory, biological, social, and funding constraints, and combinations 30 
thereof (Table 4). The most common constraints were policy related (33%), followed by social 31 
(28%), biological (22%), and funding (17%) constraints. Many of the identified constraints could 32 
be identified in multiple groups; we largely identified constraints as belonging to a single group 33 
to simplify classification.  34 
 35 
Table 4. Management constraints identified for the National Elk Refuge wintering elk 36 
population objective. 37 
Policy constraints 
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Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Easement limitation (NER boundary) 
2007 EIS (rejected fertility control and test and slaughter; limits tribal 

harvest) 
Social constraints 

Hunter numbers 
Winter mortality (social acceptance) 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts 
Fencing/wildlife conflicts 
Migratory segment (maintain summer distribution goals) 

Funding constraints 
Easements 
Fencing 
Fertility control 

 1 
National Elk Refuge Strategy Narratives 2 
Management action strategies were divided into themes based on the focus of the grouped 3 
actions within a strategy. For example, the National Elk Refuge-Focused strategy targets winter 4 
elk distribution through management actions primarily taken on the refuge. The Southern Herd 5 
Segment Management strategy is a set of actions intended to reduce the number, and 6 
productivity, of the largely non-migratory elk in Hunt Areas 75 and 78 while minimizing the risk 7 
of harvest to migratory segments of the JEH. The Late Season Harvest strategy would increase 8 
harvest more generally in the JEH through coordinated late season hunts, with key caveats 9 
outlined below. Several actions were identified as necessary to continue, or implement, 10 
regardless of the strategy selected. Those to be continued are the 1) intra-seasonal 11 
management and coordination between the NER and WGFD Gros Ventre feedgrounds, 2) 12 
fencing for private lands mitigation, and 3) “tag and drag” and guided hunts on the NER and 13 
GTNP. New actions to be implemented across all strategies include 1) a late-season refuge hunt, 14 
2) Fire management on NER and adjacent public land, 3) increased public education and 15 
outreach, and 4) increased WGFD Commission education and outreach. 16 
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   1 
National Elk Refuge-Focused Strategy 2 
The NER-focused strategy is based on altering distribution of elk using management actions 3 
centered primarily on the refuge. This strategy implements actions to make the refuge less 4 
attractive to wintering elk primarily through a less conservative winter feeding program and 5 
initiation of a late-season hunt. This assumes that a proportion of elk that winter on the refuge 6 
can be conditioned to stay on adjacent winter range based on decreasing the incentive (later 7 
initiation of feeding) and increasing the disincentive (late season hunt) to moving onto the 8 
refuge. Incentivizing steer operations on private lands would be undertaken to address the 9 
increased proportion of elk that may winter on adjacent private lands. Similarly, education and 10 
outreach to private landowners is included in this effort to increase acceptance of elk wintering 11 
on private lands adjacent to the NER. Increased enforcement on the NER would also be 12 
necessary due to the addition of the late-season hunt.  13 
 14 
Southern Herd Segment Management Strategy 15 
The southern herd segments (Hunt Area 78 and GTNP South) are increasing absolutely and 16 
proportionally within the JEH. Conversely, migratory segments (i.e., elk that summer in 17 
Yellowstone NP and Gros Ventre Wilderness) of the JEH are stable to declining. The Southern 18 
Herd Segment Management Strategy focuses management actions at slowing, or reversing, the 19 
growth of the southern herd segments. Proposed actions include increasing harvest through 20 
the development of a hunter management program, a program that also helps address private 21 
lands mitigation. Targeted fertility control on private land summer range could also be 22 
explored by WGFD, but would need to go through the proper approval process (i.e., WGFD 23 
Commission). This action was considered and rejected in the BEMP. Increased outreach to 24 
sportsmen and agencies, and landowners, would be undertaken; the former is due to the 25 
potential for fertility control and the latter is for increasing awareness of landowners of the 26 
efforts to reduce the southern herd-segment. Increased harvest is localized by this strategy, 27 
minimizing the potential impact of increased harvest on the migratory segments. Increased 28 
enforcement on the NER would also be necessary due to the addition of the late-season hunt. 29 
 30 
Late Season Harvest Strategy 31 
The Late Season Harvest Strategy represents a broader, landscape scale approach to achieving 32 
the Phase I elk objective. A coordinated (i.e., NER, WGFD, GTNP, BTNF) late season hunt in Hunt 33 
Areas 75, 77–78, and 80 would occur. Approval would need to be obtained for extending, or 34 
moving, the current season in GTNP to allow later harvest. Lastly, the current December 1st 35 
closure to protect wintering ungulates in Hunt Area 80 on BTNF lands would need to be 36 
modified through an environmental review process to allow hunter access into that area. 37 
Currently the JEH could be reduced by approximately 1,000 animals before being below 38 
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objective (11,000 ± 10%). A WGFD Commission approved reduction in the JEH could be 1 
investigated if the efforts of this strategy did not result in reaching the NER Phase I elk 2 
objective. An increase in enforcement would be necessary if this strategy was implemented.  3 
 4 
National Elk Refuge Strategy Consequences 5 
 6 
Considered but not included in the consequences table (covered in the EIS) – average annual 7 
private sector revenue; altered archeological resources; 8 
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Table 5. Predicted consequence table for the National Elk Refuge (NER) elk population on feed alternative management action 
strategies. This table is not currently cited in the text  

Objectivea/Decision 
Considerationb Evaluation criteria 

Reference 
Condition 

NER-
focused 

Southern herd 
segment mngmnt 

Late season 
harvest 

Elk-fed daysa Years to reach objective     

Herd segment 
distributionb 

Proportion long-distance 
migrants 

    

Financialb 

Average annual additional costs 
to agencies ($000) 

    

Commercial landuse additional 
costs 

    

Socialb 

Sportsman/outfitter support     

Environmental group support     

Commercial landowner support     

Residential landowner support     

Safetyb Animal/vehicle collisions     

aThe identified objective from the BEMP Phase I for this table is 5000 elk on winter feed at the NER, which has been converted to 
elk-fed days (see Population of Interest above). 
bAdditional decision considerations and evaluation criteria were identified by the working group for comparison among strategies. 
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Bison 
Alternative management actions for bison on the NER and adjacent areas included several 
developed for the NER wintering elk population objective in addition to those solely developed 
for bison (Table 6). Most of the actions identified were related to bison harvest in an effort to 
influence hunter access or success.  
 
Table 6. Bison population strategy table for identifying alternative management action 
strategies.  

  

Reference 
Case 

Hunter 
Harvest 

Alternative 
Reduction 

Actions 
Population management 

   No change X 
  

Improve late-season access to north 
end of NER for hunting and carcass 
retrieval 

 
X X 

Parking lot origination management 
 

X X 
Alternative reduction actions*   X 

Hazing 
   

No change 
   

Haze bison found south and east of 
Flat and Nowlin creeks  

X X 

Service-accompanied hunters  X X 
Habitat improvements 

   
No change X 

  
Fire management on NER and 
adjacent public land  

X X 

Water source improvements    
Private lands mitigation    

NER south-boundary improvement    
Public education/outreach (EO) 

   
No change X 

  
Increase education and outreach 

 
X X 

Monitoring 
   

No change 
   

Enforcement 
   

No change 
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Increase 
   

*Beyond the scope of this plan and may require NEPA review. 
 
Population management—Hunter harvest of bison since 2007 has led to an appreciable 
reduction in the population (Fig. 5). Further efforts to increase hunter harvest are intended to 
reduce the number of years necessary to reach the bison population objective. Most of the 
actions identified are related to increasing opportunity and success at the existing level of 
hunter numbers. The current number of hunters each year is believed to be a maximum 
number allowable while still providing a quality, and safe, hunting experience.   
 
Efforts to improve late-season access to the north end of the NER for hunting and carcass 
removal could facilitate increased harvest. Existing retrieval roads become impassable late in 
the hunting season due to snow, and can, for example, preclude hunters from using the West 
Parking Area or retrieving carcasses on the northern portion of the refuge. Keeping these roads 
open may be difficult in heavy snow years, requiring a bulldozer in some situations. 
Alternatively, over-the-snow vehicles could be considered for carcass retrieval on existing 
refuge roads. Hunter access easements across private lands on the northeast corner of the NER 
will be explored as another means of providing access to that portion of the refuge for hunting 
and carcass retrieval. 
 
Hunters must originate from a designated parking area for hunting bison on the NER. All but 
one designated parking area are within the NER. Access to the northwest portion of the NER is 
via a parking area within and managed by GTNP in collaboration with the NER. Accessing the 
refuge for hunting from BTNF lands along the eastern boundary of the NER was historically not 
allowed. The refuge will continue to manage hunter distribution using parking-lot origination in 
an effort to encourage bison to move onto, and remain, on the refuge. Hunters with a NER 
permit will also be allowed to access the refuge from adjacent BTNF lands.   
 
Continuous review of population management actions implemented for reaching the bison 
population objective will be undertaken during the life of this plan. If management actions 
outlined in this plan prove ineffective for reaching the objective, other actions that fall outside 
the scope of this plan may be considered, e.g., agency cull, herd-wide fertility control. Such 
actions may require evaluation as per the NEPA.  
 
Culling of bison is currently not used as a population management action. Including an agency 
bison cull as a potential population management action in this plan does not imply agency 
approval at this time and would only receive further consideration upon meeting several 
criteria. Consideration of an agency cull would include meeting National Environmental Policy 
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Act (NEPA) requirements. WGFD policy prevents elk hunting past January 31st to minimize 
hunter exposure to Brucella abortus (the bacteria that causes brucellosis). This policy is specific 
to elk at this time, but the same concerns exist for late-season bison harvest. Between February 
1st–15th WGFD personnel can harvest animals and the animals can be donated; animals killed 
after February 15th must be disposed of in a landfill.  
 
Herd-wide fertility control of bison was considered and rejected in the BEMP. A review of 
fertility control in wildlife, current at the time of approval of the BEMP, can be found in 
Appendix B of the final Environmental Impact Statement (EIS) (USFWS and USNPS 2007b). Need 
to gather more details on the current state of knowledge for this technique – would it be 
possible to have the WGFD vet draft a few sentences, with current citations, for this purpose? 
Seems like this would have to occur on the feedline to be efficient and effective, which would 
trigger NEPA. Bison primarily occur on federal lands, so proposed implementation of this action 
would necessitate following NEPA requirements.  
 
Hazing—Reduction, or elimination, of winter feeding will likely result in bison having a broader 
winter distribution in Jackson Hole. This could lead to more frequent use of the Nowlin unit by 
bison; the Nowlin unit is where commercial sleigh rides are conducted. Moreover, increased 
bison use of the southern portion of the NER beyond the Nowlin unit increases the potential for 
bison to enter the town of Jackson. For public safety and to minimize conflict in the Nowlin unit, 
bison will be hazed north if found south of a boundary starting at the Twin Creek Subdivision, 
west along Elk Refuge Road to Nowlin Gate, north and west along Hunter Retrieval Road 22 (an 
administrative road), north along Hunter Retrieval Road 22 to the Refuge Barns, west along 
Nowlin Creek to the confluence of Flat Creek, and north along Flat Creek to the northern 
boundary of the Jackson National Fish Hatchery.  
 
Service-accompanied hunters in NER management units south of the bison hazing line defined 
above could be used to haze bison north of the hazing line.  
 
Habitat improvements—Fire management on NER and adjacent public land to increase 
attractiveness for bison would be the same as described above for elk (pg X). The objective, 
however, differs in that the purpose of attracting and holding bison on the refuge would be 
primarily to increase susceptibility of bison to harvest.  

Water sources on the east side of the NER would be modified to increase flow rates, improve 
bison access to water, encourage bison use and potentially increase early season 
harvest.  Existing springs known as waterhole 2 and waterhole 3 currently have defunct bore 
hole pipes with limited water flows.  These would be repaired or replaced to ensure late 
summer water flow and encourage bison use at these locations. 
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Private lands mitigation—Bison primarily occur on public lands (i.e., NER, GTNP, and Bridger-
Teton National Forest), and when they do occur on private lands WGFD has the authority to 
haze or lethally remove bison for safety or private lands damage concerns (WGFC regulations, 
chapter 56). There is the potential for increased private lands conflict if winter feeding is 
reduced or eliminated on NER. For example, bison may move further south when feeding does 
not occur, increasing the potential for bison in Jackson. To reduce the likelihood of bison 
moving from the Refuge into Jackson, a double cattle guard will be installed on Elk Refuge Road 
at the boundary with East Broadway and at the gate where the town accesses the municipal 
water wells.  
 
Public education/outreach—Public education and outreach for bison management will be 
integrated into EO provided for elk management (see pg. X). There are important differences 
between bison and elk biology and management that will be articulated. The bison population 
objective differs from the elk objective, with the former based primarily on maintaining genetic 
heterozygosity while minimizing conflict (USFWS and USNPS 2007a). Bison winter feeding is 
conducted primarily to eliminate conflict with elk on feedgrounds, which is fundamentally 
different than the objective for feeding elk to sustain the JEH through winter with minimal 
mortality. Winter feeding of bison precludes other conflicts that would occur if bison were 
more broadly distributed within Jackson Hole, e.g., bison in the town of Jackson and the 
associated public safety conflict. As winter feeding is reduced, or eliminated, efforts will be 
made to manage potential increased conflict, but public acceptance of increased conflict will be 
necessary. There are important biological differences between bison and elk that will be 
highlighted. For example, during 2007–2013 the JBH had greater than twice the ratio of calves 
to females in winter compared to elk of the JEH (0.47 [SD = 0.05] for bison and 0.22 [SD = 0.03] 
for elk; WGFD, unpubl. data). During the six-year period taken to complete the BEMP the bison 
population grew exponentially, increasing from 627 animals in 2002 to 1059 in 2007 (Fig. 5; 
WGFD, unpubl. data). Management challenges can also differ between bison and elk. Bison 
female-calf groups spend much of the year in GTNP, where no harvest is permitted, and move 
to the Refuge as winter conditions reduce forage availability in GTNP. Female-calf groups 
largely do not use BTNF lands adjacent to the NER or GTNP, which constrains population 
management using hunter harvest to a relatively limited area on the NER. This can lead to 
dense concentrations of animals and hunters on the NER, which can result in hunter conflict.  
 
Increased EO to state agencies, e.g. the Department of Agriculture and state veterinarian, will 
be included as part of this action. The range of bison will likely expand as feeding is 
reduced/eliminated, potentially leading to more conflict on private agricultural and developed 
lands. 
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Monitoring— Draft once strategies are finalized. 
 
Enforcement— Draft once strategies are finalized. 
 
Constraints 
Constraints unique to bison management were largely related to disease transmission concerns 
and related policy (Table 7). For example, it is not currently possible to move bison out of the 
county, nor are bison currently allowed in the Gros Ventre near WGFD feedgrounds. Several 
identified alternative actions, fertility control and test and slaughter, were considered and 
rejected in the 2007 Environmental Impact Assessment (EIS) for the Bison and Elk Management 
Plan. The 2007 EIS similarly limits tribal harvest of bison. Moreover, there is uncertainty if an 
effective bison fertility control exists, which is a technological constraint. What constraints 
from the NER wintering elk constraints table should be carried over to the bison constraints 
table? 
 
Table 7. Management constraints identified for the bison population objective. 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Cumbersome hunt regulations 
Hunter access (especially from north of the NER) 
Easement limitation (NER boundary) 
Current restriction on moving bison out of county 

Social constraints 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Vendor numbers (are there enough for bison removals?) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts (fire) 
Fencing/wildlife conflicts 
Grizzly bear conflicts (potential) 

Funding constraints 
Easements 
Fencing 
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Fertility control 
Technological constraints 

Fertility control 
 
Note/reminder from initial fall meeting Nov. 2012: “Three-pronged approach” 1) how to use 
hunters to reduce #s, 2) how to get more on native, 3) explicit metric for winter mortality that is 
acceptable.  
 
Include a paragraph or two that describes 1) how phases are related to each other, 2) when we 
will claim we’ve been successful in Phase I, 3) how Phase II will be implemented (i.e., stepwise 
or all at once after success with Phase I, 4) whether meeting bison and elk objectives 
simultaneously will be necessary to begin implementing Phase II.  
 
Disease management – current plan doesn’t address CWD explicitly except to state that NER 
will work within WGFD’s plan (should be out 2015). Need to write justification for increased 
emphasis on managing CWD threat. This is in conflict with brucellosis objectives that state 
feeding will be used to minimize co-mingling. Use easements for the latter and to balance CWD 
management.  
 
Does the current distribution of collared animals represent animals on native range? The 
latter are under-represented in the sample. Assuming main influence on aspen is from elk on 
winter feedgrounds. 
 
Need to provide justification for just including aspen – explain aspen as an umbrella for other 
habitats. Aspen regeneration more responsive to management actions; highly-preferred by 
elk. 
 
Bison impact on wet meadow; will we keep reducing elk due to bison? Need to consider 
monitoring bison. Can we go lower than 500 or is it firmly set? 
 
Changes that have occurred since completion of BEMP – Winter distribution of elk has 
changed, calf ratios have declined excluding short-distance migrant segment, wolf presence 
may have exacerbated this, bison numbers, fires in Gros Ventre, habitat management to hold 
elk in GTNP. All agencies agreed the plan was doable but the distributional shifts challenge 
that currently – S.Cain…graph of proportional distribution of elk on feedgrounds (has 
increased as animals on native range have declined). Write this up and share with the group 
for edits. 
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Do we provide a set date of adjusting feeding criteria to build collaboration with publics who 
will be influenced by the change (public outreach)? The adaptive part is figuring out what 
number of elk the refuge can support, less so how to reduce numbers on winter feed. Will 
likely push off winter feeding regardless in an effort to maximize bison harvest (i.e., late 
January season). 
 
Include a summary of the actions in this plan that tier off of the BEMP vs. those that would 
trigger NEPA. This would include defining strategies succinctly and the threshold that would 
trigger NEPA. In this way we can move forward with actions that step down from the BEMP 
and have a trigger for initiating NEPA if, and only if, necessary.   

1) Removed ‘Grand Teton NP harvest’ from the bison alternatives table because it was not 
in the BEMP and would therefore trigger NEPA and an act of Congress would be 
necessary (for a hunt, not a cull). A bison cull in GTNP would still trigger NEPA. Included 
agency cull (see below).  

2) Test and slaughter for bison was reviewed and rejected in the BEMP – many reasons to 
not do it.  

3) An agency bison cull would trigger NEPA 
4) Herd-wide fertility control in bison would similarly trigger NEPA 
5) Elk fertility control in GTNP south? This is currently an action in an elk strategy that 

would trigger NEPA, yet we haven’t excluded it from the main plan, simply stated it 
would need NEPA. 

 
Wolf management to facilitate elk winter use of native range. 
 
We need to make sure the co-mingling mitigation tools are articulated and implementable; 
this can be started as soon as possible so that when we start adjusting feeding to change elk 
distribution we are a bit ahead of the game.  
      
 
 
Models 
If the fundamental objective is to minimize the number of animals on feed we need to 
conceptualize the relationship between elk density and winter feeding. To do this I thought it 
would be easiest to define the proportion of Kcal in elk diets from feed as a function of elk 
density while accounting for standing forage. I created a figure to represent this; no feeding 
occurs at low densities of elk (<1 animal per 300 lbs available forage), then asymptotically 
approaches all Kcals coming from feed as density increases. We can change the threshold of 
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when feeding starts as necessary.

 
While this simple model helps us think through winter feeding and elk numbers, it ignores elk 
survival as a function of available forage. I don’t think we can ignore that, especially calf 
survival? It seems to me that what we are trying to do is 1) encourage elk to distribute 
themselves more broadly by being less conservative with winter feeding (i.e., change the 
shape of the figure above) and conducting late-season hunts, while 2) staying within an 
acceptable range of winter mortality, especially calf mortality. I’ve been thinking about this in 
this manner since Tim’s comments on winter survival at the last meeting. I understand that 
we’re working toward achieving desired conditions, but I imagine we’ll quickly lose public 
support if they see a pile of dead calves. And I don’t think they’ll view sparing aspen from elk 
browse is worth that.  
 
Here’s a figure of the hypothesized relationship between calf survival and available forage.  
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We could use existing information to estimate the two relationships represented in the 
figures, which would provide us with a set of models to predict winter calf mortality as a 
function of available forage, and then see where we can get with less conservative winter 
feeding. This would allow us to articulate to the public that we’re trying to not go above 
some level of calf mortality while reducing the number of elk on the refuge by being less 
conservative with feeding. If we can’t successfully reduce the number of elk on feed without 
going beyond the calf mortality rate deemed acceptable then we’ll know we need to 1) get 
support for possibly allowing higher calf mortality, 2) use some other identified action to 
distribute elk during winter, or 3) reduce the overall objective/number of elk.   
 
We could concurrently monitor aspen condition so that as we alter distribution of animals on 
the refuge we learn how that influences the likelihood of aspen growing through the browse 
zone. This would allow us to relatively seamlessly transition into phase 2 of the plan.  At that 
point the question becomes ‘can aspen reached desired condition when we maximize the 
number of elk on standing forage at the current population level (density).  
 



34 
 

Adaptive management uses models of the managed system to link the objective response (e.g., 
desired habitat condition) to changes in the system resulting from management actions (e.g., 
altered elk distribution).  
 
We need to have a spatially-explicit model (set of models) that links desired conditions to elk 
and bison abundance and distribution. If we divide the refuge into 16 ha (40 acre) blocks we 
can then build a model to predict desired condition in that block during a period of time in 
response to elk and bison use. The latter is similar to EFD and BFD in needing to combine 
abundance and time animals are in a block. From a management perspective this is most 
influenced by feeding and harvest. Desired habitat condition is a function of animal use 
 

𝐸𝐸𝐷𝐷𝑡𝑡(𝑝𝑝) = 𝑓𝑓(𝑈𝑈𝑡𝑡(𝑝𝑝)), 
   
where 𝐸𝐸𝐷𝐷𝑡𝑡(𝑝𝑝) is the desired condition in block i during time t and 𝑈𝑈𝑡𝑡(𝑝𝑝) is the combined use of 
block i during time t by elk and bison. Takes a special case of circumstances to have escapement 
occur. (this can be separated so each species has its own term and they are additive – not 
sure how that would look, but seems easily doable). Use is the product of animal abundance in 
block i in time t, 𝑛𝑛𝑡𝑡(𝑝𝑝), and days present, 𝑑𝑑𝑡𝑡(𝑝𝑝) (may be more realistic to have larger time frame, 
e.g. weeks, that is realistic from a monitoring perspective), such that  
 

𝑈𝑈𝑡𝑡(𝑝𝑝) = 𝑛𝑛𝑡𝑡(𝑝𝑝)𝑑𝑑𝑡𝑡(𝑝𝑝). 
 

Animal abundance, n, in turn, is a function of the proportion of animals (𝑝𝑝𝑡𝑡(𝑝𝑝)) present in block i 
at time t 
 
 

𝑛𝑛𝑡𝑡(𝑝𝑝) = 𝑝𝑝𝑡𝑡(𝑝𝑝)𝑁𝑁𝑡𝑡, 
 
where 𝑁𝑁𝑡𝑡 is the total population during time t. Lastly, 𝑝𝑝𝑡𝑡(𝑝𝑝) can be described as a function of 
hunting, winter feeding, and other block attributes (this latter group should be included at a 
general level and is something we need to discuss; most of our interest lies in the response of 
animals to hunting and feeding).  
 
We assumed a negative linear effect of winter feeding on animal use of a block, i.e., use 
increases linearly with decreasing distance from a feedground. The influence of hunting on 
animal use in a block was assumed to have a pseudo-threshold functional form. This accounts 
for the discrete boundaries between open- and closed-hunt units such that the effect of 
hunting on animal use declines rapidly with distance from open-hunt units and approaches an 
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asymptote. What are the attributes of each cell that predict use – distance to feed grounds, 
hunt management, aspect, slope, distance to road, fencing. This is a significant component we 
need to figure out. I can try to provide some examples to help with the conversation. The 
other big component to work through is what exactly DC is – I’m still partial to working this 
this using aspen as an example. ‘Heavy lifting is defining DC and quantifying it’ (Kerry). We 
may find that to be about as much as can be handled with current resources. If that is true, 
we’ll have to think through how we can justify just one (or maybe 2-3) of the desired 
conditions for monitoring. If cottonwoods are less preferred than aspen we can probably 
easily get away from intense monitoring of cottonwoods by assuming they are likely doing 
well if aspen are. Different story for willows, but maybe it will take fence to get willows back 
at nearly any level of elk/bison at this point.   
 
Monitoring 
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APPENDIX I 
 

 

Vision:  
 
 
  
 
Goals: 
 
 
Obj.  
Categories 
 
 
 
Objectives 

 
 

 
 
  

 

 

 

 

  

 

Figure 1.A1. Schematic representation of Bison and Elk Management Plan vision, goals, objective categories, objectives, measureable attributes and performance criteria. Bolded boxes and arrows represent the objective 
outlining the phased approach to population management by adaptively managing elk and bison populations for desired conditions. Stippled boxes represent measureable attributes and performance criteria for desired 
conditions defined in the National Elk Refuge Comprehensive Conservation Plan. Grayed-out boxes represent objectives, measurable attributes, and performance criteria wholly (e.g., public education) or largely (e.g., 
invasive species management) independent of desired conditions related to elk and bison population objectives, and therefore not considered in this plan. 

Habitat Conservation Disease Management Sustainable Populations Numbers of Elk and Bison 

Land 
Protection 

Grazing 
Habitat 

Habitat 
Problems 

ID 
lands 

Sprinkler 
Irrigation 

Flood 
Irrigation 

Invasive 
Species 

Sage and 
Grass 

Cultivated 
Areas 

Willow Aspen Cottonwood Wet 
Meadow 

Structured 
Framework
  

Phased 
AM 

GTNP Elk 
Sex Ratios 

Bison 
Popn 

Public 
Education 

WGFD 
Herd Objs. 

JEH Bison Livestock 
Trans. 

Elk & Bison 
Trans. 

Human 
Risk Ed. 

Acres lbs. per 
Acre 

lbs. per 
Acre 

Acres 
Restored 

 Acres Class 
Acres 

Stem 
Den. 

Class 
Acres 

Stem 
Den. 

Class 
Acres 

 Criteria/ 
Actions 

Desired 
Cond. 

 Sex ratio Popn #  Popn # Popn #    

Measureable Attributes 

5000 lbs/ac 
400 ac 

2500 lbs/ac 
700 ac 

2500 lbs/ac 
500 ac 

≤ Weed 
Threshold 

 ≤ 2400 
Acres 

≥800 
stems/ac 

>80 in 

800 ac 
Class I/II 

1000 ac 
Class I/II 

≥0.17 
stems/m 

>80 in 

 

Performance Criteria 

5000 Elk 
500 Bison; 

Desired  
Habitat 

Conditions  

35 Bulls: 
100 Cows 

500  11000    

‘Manage bison and elk in a manner that contributes to the state’s herd objectives 
yet allows for the biotic integrity and environmental health of the resources to be 

sustained (BEMP Desired Conditions). 
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Adaptive Management of Winter 
Feeding at the National Elk 

Refuge



Where are we?
• Initial focus on Phase I

– 5000 elk on winter feed at NER
– 500 bison
– Completed strategies and actions to achieve Phase I

• ‘Re-focused’ on including Phase II (spring 2014)
– ‘Adaptively manage bison and elk…to achieve desired 

conditions.’
– Defined ‘desired conditions’ using BEMP objectives, 

primarily habitat, JEH population objectives, and 
disease management



Where are we?

Initial thought was Phase 
2 would incorporate three 

remaining BEMP 
objectives (Appendix I)



Where are we?
• Last meeting – post-hiatus

– Record of Decision interpretation
• 6 considerations for adaptive management
1) Forage production
2) Desired herd size and ratios
3) Mitigation of co-mingling
4) Winter distribution patterns 
5) Disease prevalence
6) Public support

– Steve C. – simplify, do habitat conditions need to 
be considered now?

– Tim – elk survival



Where are we going?

• ROD interpretation and simplification
• Adaptively managing populations is only

mentioned in the Sustainable Populations goal
• ROD describes adaptive management only in 

context to six criteria and does not mention 
habitat triggers
‘Develop…adaptive management actions…for 
progressively transitioning from intensive supplemental 
winter feeding to greater reliance on free-standing 
forage, based on [six] considerations’



What does it look like?
Sustainable 
Populations

Minimize ‘number 
of animals on 

feed’

1) Forage 
production

2) Desired herd 
size

3) Mingling 
mitigation

4) Winter 
distribution

5) Disease 
prevalence

6) Public support

Goal

Objective

Criteria

500 bison
5000 elk

500 bison
5000? elk

Phase 1

Phase 2



What does it look like?

• Sustainable populations objective & strategies
– ‘Animals relying predominantly on available native 

habitat and cultivated forage’
– ‘Complete transition to free-standing forage’

• Need to more precisely define these statements 
to identify success
– Minimize ‘the number of animals on feed while 

achieving the state’s population objectives’

‘Greater reliance 
on free-standing 

forage’
Objective



What does it look like?

1) Forage 
production

2) Desired herd 
size

3) Mingling 
mitigation

4) Winter 
distribution

5) Disease 
prevalence

6) Public support

Triggers

500 bison
5000 elk

500 bison
5000? elk

Phase 1

Phase 2

Plan to date provides 
actions for ROD criteria 
excluding 5 & 6

Distribution to 
minimize threat?

Winter mortality 
of elk?



Disease prevalence

• Brucellosis 
– Mingling mitigation actions defined
– Winter feeding actions identified to minimize 

intra-specific transmission
– No distribution actions identified otherwise

• Chronic wasting disease
– Current plan moving toward minimizing wintering 

elk density

• Minimize density for this criteria?



Public support

• Public has low tolerance for winter mortality 
of elk on NER

• If actions lead to significant increase in elk 
winter mortality would public outcry end this 
plan’s efforts?

• Primary source of uncertainty we currently 
haven’t addressed?



Public support

• Assuming reduced winter feeding at NER is an 
action undertaken to achieve ‘greater reliance 
on free-standing forage’

• Can we provide a simple relationship between 
winter feeding and elk survival to 
communicate the uncertainty to the public 
and demonstrate efforts to minimize elk 
mortality as winter feeding is reduced?



Hypothesized elk feeding 
relationship



Hypothesized elk winter mortality and 
forage availability relationship (calf)



Public support

• Would this direction require any additional 
actions in the plan?
– Outreach efforts already identify need to discuss 

elk winter mortality
– Add more explicit reference to this aspect
– Capture any necessary monitoring changes



What’s next?

• Make edits to current draft plan to reflect today’s 
discussion

• Integrate Phase 1 & 2 in introduction
• Revisit strategies – anything missing?
• Articulate 3 key uncertainties (distribution, 

mortality, desired herd size); actions, response, 
predicted relationships, monitoring
– Bulk of work is to come up with details of how to 

progress in an adaptive fashion
– Articulate relationship between changes in winter 

feeding and distribution and mortality



Since we’ve here…

• Changes that have occurred since BEMP 
signing
– Distributional shift away from native range – can I 

get the raw data for displaying graphically in the 
plan?

– Calf ratio decline, excluding southern segment
– Bison numbers
– Gros Ventre fires
– GTNP Habitat management  
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Introduction 1 
 2 
Uncertainty regarding how to reach objectives for elk and bison populations, desired habitat 3 
conditions, and disease management in Jackson Hole remains after many years of study and 4 
debate. Determining an effective set of management actions to meet multiple and potentially 5 
conflicting objectives is needed. In an effort to address this, an adaptive management (AM) 6 
approach is being undertaken (Walters 1986). There are four essential elements to an adaptive 7 
management approach: 1) well defined and mutually agreed upon objectives, 2) clearly 8 
articulated management actions and strategies, 3) a model, or competing models, describing 9 
the dynamics of the system being managed, and 4) a monitoring program to quantify system 10 
response to management and allow estimation of the difference between the observed and 11 
predicted (from the model or models) system response. A fifth component, optimal decision 12 
making, is also included in some AM efforts. The AM approach is ‘adaptive’ because learning 13 
through management experiments (management actions implemented to change the state of 14 
the system) occurs. In single-model AM projects the learning results in better estimates of the 15 
effects included in the model, i.e., there is less uncertainty about how the system will respond 16 
to management actions. In multiple-model AM projects learning occurs through the 17 
competition of models in the model set. Each model provides a representation of a competing 18 
idea (hypothesis) about how the system works. The model that best predicts system response 19 
to management provides support that the hypothesis it represents is a better description of the 20 
system than the other hypotheses, reducing uncertainty about the system being managed.    21 
 22 
Uncertainty abounds in wildlife conservation and management.  For example, how survival and 23 
distribution of bison and elk will respond to different management actions is only modestly 24 
predictable. Similarly, what number of elk and bison the area can support based on desired 25 
conditions is largely unknown, and likely varies in response to environmental variation (e.g., 26 
weather, habitat heterogeneity). These types of uncertainty are often referred to as process 27 
error, i.e., imperfect knowledge of the biological system being managed. A second type of 28 
uncertainty is related to our inability to conduct a complete census of a population, i.e., partial 29 
observability (Williams 1997). This is sampling variation associated with wildlife monitoring, 30 
also commonly referred to as observation error (Hilborn and Mangel 1997). Process and 31 
observational error create uncertainty that limits a manager’s ability to make informed 32 
management decisions.  33 
 34 
The Bison and Elk AM plan will embrace existing uncertainty regarding drivers of bison and elk 35 
wintering abundance and distribution, and survival, in the Jackson Hole area and on the 36 
National Elk Refuge (NER), provide further understanding of important limiting factors, and help 37 
guide management actions toward those that will have the most direct benefit to achieving 38 
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stated goals and objectives. The Bison and Elk Management Plan (BEMP; USFWS and USNPS 1 
2007a) provides goals, objectives, and strategies related to bison and elk population in the 2 
Jackson Hole area and within the NER. The AM plan is an extension of the BEMP, providing an 3 
adaptive management framework to achieve the goals and objectives of the BEMP. Therefore, 4 
the AM plan is considered a step-down plan to the BEMP and utilizes the goals and objectives 5 
within the BEMP. Strategies from the BEMP were incorporated into additional strategies 6 
considered during the development of the AM plan. The AM plan and associated efforts is an 7 
opportunity to collectively learn from ongoing work to manage elk and bison in the Jackson 8 
Hole area. 9 
 10 
The BEMP contains four goals (Fig. 1) and 20 associated objectives (Appendix I). Completion of 11 
an AM plan to manage bison and elk populations is specific to the Sustainable Populations 12 
BEMP goal (Fig. 2). The Sustainable Populations BEMP goal outlines ‘a phased approach to 13 
reducing the number of animals on [supplementary winter] feed’ while achieving 1) Wyoming 14 
Game and Fish Department (WGFD) population objectives for the Jackson Elk Herd (JEH) and 2) 15 
an elk sex ratio in Grand Teton National Park (GTNP) of 35 bulls for every 100 cows. The first 16 
phase sets initial population objectives at 5000 elk on winter feed. The second phase calls for 17 
elk populations that are adaptively managed to “achieve desired conditions, with animals 18 
relying predominantly on native habitat and cultivated forage”. The bison population objective 19 
of 500 animals post-hunting season was determined based largely on maintaining genetic 20 
heterozygosity while minimizing other conflicts (USFWS and USNPS 2007a). Unlike the second 21 
phase elk objective, the bison objective is independent of additional criteria defined as desired 22 
conditions.  23 
 24 
Desired conditions on the NER relate to six criteria to be considered as triggers for management 25 
actions for ‘progressively transitioning from intensive supplemental winter feeding to greater 26 
reliance on free-standing forage’. These considerations are: 1) Level of forage production and 27 
availability on the National Elk Refuge, 2) Desired herd size and ratios, 3) Effective mitigation of 28 
bison-elk-cattle mingling on private lands, 4) Winter distribution patterns of elk and bison, 5) 29 
Prevalence of brucellosis, chronic wasting disease, and other wildlife diseases, and 6) Public 30 
support. For example, forage production desired conditions are articulated in the Habitat 31 
Conservation objective of the BEMP; the current trigger for starting supplemental winter 32 
feeding is based on available forage (see below). Desired herd sizes and ratios are similarly 33 
defined in the BEMP (e.g. Phase 1 NER wintering elk objective of 5000, see above), however a 34 
significant component of the adaptive management plan is determining the number of 35 
wintering elk the NER can support while achieving the other desired conditions.  36 
 37 
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Accomplishing the objectives identified within the BEMP using management actions available to 1 
the NER, WGFD, GTNP, and Bridger-Teton National Forest (BTNF) is the intent of this plan. The 2 
working group created a problem statement to articulate the connection among the decision 3 
framework, objectives, actions, and predicted outcomes:   4 

 5 
The adaptive management plan identifies actions for progressively transitioning from 6 
winter feeding of elk and bison on the NER to greater reliance on free-standing forage 7 
while maintaining JEH objectives and desired bull:cow ratios in GTNP. The primary 8 
actions available to achieve BEMP objectives include the 1) timing of winter feeding, 9 
2) timing of hunting, and 3) harvest levels that can be implemented annually to 10 
encourage greater use of native range and cultivated free-standing forage. 11 
Management actions will incorporate those that simultaneously maintain public 12 
support and minimizing comingling of elk and bison with cattle on private land.  13 

 14 
The Phase I objective of 5000 elk appears to have originated from Hobbs et al. (2003). This 15 
report, based on three simulation exercises, concluded that “in average SWE [snow-water 16 
equivalent] winters with average pre-winter precipitation and 500 bison, roughly 16,000 elk can 17 
find forage on the Greater Teton Ecosystem without incurring forage deficits and roughly 5,000 18 
elk can find forage on the NER without incurring deficits.” Hobbs et al. (2003) do not explicitly 19 
define winter in the report, but appendix B of the report describes the ‘entire winter’ as 20 
‘roughly November 1st to July 1st’. Presumably the numbers given in the report represent the 21 
number present throughout the winter period, although this is not explicitly stated. It is 22 
important to note that elk use stored energy reserves during winter, so incurring a forage 23 
deficit does not imply an immediate threat (Hobbs 1989, Cook 2002).  24 
 25 
The number of elk on winter feed on the NER and bison in the Jackson Bison Herd (JBH) 26 
currently exceeds the Phase 1 objective from the existing BEMP (Fig. 1) (USFWS and USNPS 27 
2007a). The JEH, which includes elk wintering on the NER, is within WGFD objective, while the 28 
JBH population is above objective. Therefore the primary issues for reaching Phase 1 population 29 
objectives are related to 1) distribution of elk during winter, and 2) abundance of bison.   30 
 31 
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 1 
Figure 1. Hierarchical relationship among the vision, fundamental objectives and Phase 1 2 
objective for elk and bison in the Bison and Elk Management Plan (USFWS and USNPS 2007a). 3 
The Phase 2 wintering elk population objective the National Elk Refuge (NER) is ‘to adaptively 4 
manage …elk populations with animals relying predominantly on native habitat and 5 
cultivated forage’. The NER winter elk population objective is a sub-objective of the Jackson 6 
elk herd (JEH). 7 
 8 
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 1 
Figure 2. Hierarchical relationship among the Sustainable Populations goal, the objective for a 2 
phased approach to reducing the number of animals on feed, and the six considerations for 3 
the adaptive management plan vision, as defined in the Bison and Elk Management Plan 4 
(USFWS and USNPS 2007a). Phase 1 and Phase 2 population objectives for elk on the National 5 
Elk Refuge and bison in the Jackson Hole area are shown in relation to the desired herd size 6 
consideration. 7 
 8 
Population of Interest 9 
A succinct and precise definition of the populations of interest is essential for developing 10 
models of system dynamics and appropriate monitoring, and determining if objectives are 11 
being met. Bison and elk populations of interest differ slightly in definition as stated in the 12 
BEMP objectives. The bison objective is for the post-hunt population within the Jackson Hole 13 
area (the Jackson Bison Herd [JBH]), inclusive of the NER. Conversely, the elk population 14 
objective for the NER is specific to the number of animals on feed at the refuge, and is a sub-15 
objective within the broader Jackson Elk Herd (JEH) (Fig. 2) post-hunt objective set by the 16 
Wyoming Game and Fish Commission (a governor-appointed policy-making board). Elk herd 17 
unit boundaries are determined by the WGFD and represent population boundaries where 18 
there is an estimated annual interchange with surrounding herds of <10% (Emmerich et al. 19 
2007).  Approximately 65% of the JEH winters on the NER based on February classification 20 
counts (see below for definition of classification counts; USFWS & WGFD unpubl. data). The 21 
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Jackson bison herd primarily winters on the NER (~90%), but range much further during the rest 1 
of the year (USFWS & WGFD unpubl. data). Geographic range of bison, figure, etc. It would be 2 
best to include a single figure that delineates the JEH and bison population. Eric has the 3 
shapefiles to update the figure. 4 
 5 
Determining if the BEMP population objectives are being met requires periodic estimates of the 6 
populations of interest. There are two components to the population objectives that need to be 7 
considered — where animals are and when they are there.  The BEMP bison population 8 
objective is the same for the JBH as it is for the NER, i.e., there is not a sub-objective specific to 9 
the Refuge as there is for elk. Moreover, the bison population objective is less temporally 10 
specific than that for elk, the former being an annual post-hunt population objective and the 11 
latter being defined based on the number of animals on feed. This aspect of the elk objective 12 
increases the difficulty in estimating the population of interest due to movements of animals 13 
into and out of feedgrounds during winter feeding. More importantly, the amount of time elk 14 
are on feed varies among years.   15 
 16 
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 1 
Figure 2. Jackson Elk Herd unit boundary, including the National Elk Refuge and Grand Teton 2 
and Yellowstone National Parks. INCLUDE BISON RANGE IN THIS FIGURE. 3 
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While not explicitly stated, the BEMP was written with an assumption that annual classification 1 
counts were to be used as the metric to determine if population objectives were being met, i.e., 2 
as a proxy for the number of elk on feed at the NER. Classification counts are a coordinated 3 
census of the JBH and JEH, collaboratively undertaken during early February by WGFD and the 4 
NER. These counts are undertaken during a single survey period and do not necessarily 5 
represent either peak or cumulative abundance (i.e., the greatest number of animals present 6 
on a single day during a winter, or the sum total of animals present throughout a winter, 7 
respectively) of bison or elk on feed. Elk and bison are enumerated by age and sex classes, 8 
providing population class structure information as well as overall abundance. Elk classes 9 
recorded during the classification count are calf, cow (includes yearlings), spike bull, and 10 
mature bull; bison classes are calf, yearling cow, yearling bull, adult cow, adult bull. A 5-10% 11 
difference typically exists between the classification count estimate and the daily number of elk 12 
on feed during peak abundance. Peak elk abundance on the NER during 2007–2013 occurred 13 
late February through the first week of March (USFWS unpublish. feedline data) (Fig. 3). 14 
Proposed changes to a less conservative feeding program that would result in a later initiation 15 
of winter feeding (see Development of Alternative Management Actions and Strategies 16 
below) could increase the difference between when the classification count is conducted and 17 
peak numbers of elk on feed. A less conservative feeding program could also result in initiation 18 
of feeding on the NER after the classification count has been completed in some years. Lastly, 19 
the classification count may be replaced in the near future by survey (i.e., not a census) 20 
methodology used elsewhere in the state by WGFD for estimating elk abundance. The new 21 
survey methodology may not provide suitable NER-specific estimates of elk abundance for 22 
determining if Refuge population objectives are being met.  23 
 24 
Beyond logistical or methodological considerations, a single elk population estimate in time 25 
would not adequately capture the dynamic nature of elk abundance in relation to winter 26 
feeding on the NER. For example, 5000 elk on winter feed (the current BEMP Phase 1 objective) 27 
for three months would likely have a greater impact on NER habitats than 5000 elk on feed for 28 
a single month. The BEMP Phase 1 elk population objective is not defined by time, leaving it 29 
open for interpretation whether the objective was intended as a mean number of animals fed 30 
during a winter, a maximum number fed, or a cumulative number fed. To address this issue 31 
while staying within the implied intent of the BEMP, we chose elk-fed days (EFD; the cumulative 32 
number of elk fed during a feeding season) as the metric for determining if the elk population 33 
objective is being met. This number combines both the spatial and temporal aspect of animals 34 
on the NER, providing better accounting of potential effects than a single classification count. It 35 
is also believed that this is more consistent with winter carrying-capacity projections estimated 36 
in Hobbs et al. (2003). The Phase I objective of 5000 elk on feed is defined relative to elk-fed 37 
days as  38 
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 1 
𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑑𝑑 ∗ 5000 elk, 2 

 3 
where d is the mean number of days of feeding from 1995–2007 (64 days [SD = 22]). This time 4 
span was selected to maintain consistency with the data used in developing the BEMP. The 5 
benchmark historical value is then 320,000 EFD. Bison-fed days (BFD) can similarly be calculated 6 
as 31,500 BFD for bison using d = 63 days (SD = 22) and the bison population objective of 500 7 
animals. This latter value provides an important historical perspective on winter feeding of 8 
bison and can assist in determining efficacy of management actions toward accomplishing the 9 
bison objective; post-hunt bison abundance will be the definitive number used for determining 10 
if the bison population objective is being met.   11 

 12 
Figure 3. Mean daily elk abundance on the National Elk Refuge during winter feeding, 2007–13 
2013. Data are from feedline counts for calendar dates where feeding occurred during all 14 
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years, i.e., February 12th (calendar date 43) through March 21st (calendar date 80). Counts 1 
were conducted from feeding equipment.   2 
 3 
Limiting Factors – DELETE THIS SECTION, OR EXPAND IN THE MODELING SECTION? 4 
Limiting factors are demographic components that limit population growth of a species. 5 
Identifying limiting factors, perceived and documented, help us better define existing 6 
uncertainty regarding drivers of elk and bison population and potential management actions, 7 
and monitoring to link the two together. In the current situation where management aims to 8 
reduce or limit a population to a specified objective, our understanding of limiting factors can 9 
be capitalized on to regulate population. For example, elk population growth is highly sensitive 10 
to adult female survival (Nelson and Peek 1982, Raithel et al. 2007), and therefore increased 11 
hunter harvest on adult females is a common approach to reduce elk populations. In this 12 
scenario, increased hunter harvest of adult females is the management action that could be 13 
employed to reduce a population to objective. This assumes population abundance is the issue 14 
to be addressed. Conversely, if population distribution is the primary issue to be addressed 15 
management actions to alter animal distribution would be employed.  16 
 17 
Winter distribution of elk and bison on and near the NER is influenced by winter feeding. The 18 
present feeding program is conservative in implementation of feeding to minimize elk 1) winter 19 
mortality of the most susceptible group, calves, and 2) comingling issues with cattle on adjacent 20 
private lands. Therefore, current feeding programs are minimizing a potential limiting factor – 21 
winter mortality. Moreover, winter feeding alters the distribution of elk and bison, which can 22 
result in localized concentrations of animals above stated objectives.   23 
 24 
Development of Alternative Management Actions and Strategies 25 
Alternative management actions were identified during a meeting of stakeholders at the NER 26 
22 May 2013. Alternative actions, and constraints, were developed for the NER winter elk 27 
population and the JBH. A series of further meetings (25 July, 20 August, 12 September, 23 28 
October, and 13 November 2013, and 22 January, 24 February, and 7 April 2014) were held to 29 
create management strategies, i.e., collections of actions that form complete and comparable 30 
alternatives (Gregory et al. 2012).  31 
 32 
Reference case—It is helpful to identify a reference alternative that captures the recent and 33 
ongoing management actions that have led to the current state of the system for comparing 34 
with new alternatives that are developed. Ongoing management actions include winter feeding, 35 
irrigation, harvest, and hazing.  36 
 37 
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Big game population objectives in Wyoming are evaluated and updated at least every five 1 
years. Objectives represent the preferred number of animals during winter within a herd unit 2 
(e.g., the Jackson Elk Herd) and are determined based upon multiple factors, including 1) 3 
available habitat to support the defined population, 2) hunting access, and 3) tolerance for 4 
wildlife on private lands by landowners (Tassell et al. 1995). Public input on proposed 5 
population objectives is obtained during public hearings. After the hearings the proposed 6 
population objectives are sent to the Wyoming Game and Fish Commission for review and 7 
approval. The NER, GTNP, and Bridger-Teton National Forest (BTNF) have participated in WGFD 8 
big game population objective review and revision processes in the past for both the JEH and 9 
JBH. These federal agencies will continue to participate in objective setting for the JEH and JBH 10 
populations. 11 
 12 
The current JEH winter feeding program includes two groups of feedgrounds – one on, and 13 
managed by, the NER, and the second managed by WGFD. The latter are the Alkali, Fish Creek, 14 
and Patrol Cabin feedgrounds, collectively known as the Gros Ventre feedgrounds, located on 15 
BTNF lands. Initiation of feeding is currently conservative, i.e., has the primary objectives of 16 
minimizing elk 1) winter mortality of the most susceptible group, calves, and 2) comingling 17 
issues with cattle on adjacent private lands. Winter feeding begins when available forage 18 
reaches approximately 300 lbs acre-1 at key index sites. Available winter forage for elk and bison 19 
on the NER is largely determined by snow conditions, rate of forage consumption during fall 20 
and winter, and biomass of forage produced during the previous growing season.  21 
 22 
Forage biomass (metric tons) is correlated with the amount of precipitation (mm) during May–23 
August (𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 50.31, R2 = 0.91; 1995 and 1998–2006, NER unpubl. data), and secondarily 24 

affected by the number of irrigated acres.  Refuge-wide herbaceous forage production 25 
averaged 14,387 (SD = 4125) tons during 1998–2013, and in recent years irrigation of 26 
approximately 3,600 acres has increased forage production by approximately 10% compared to 27 
what would have been produced with precipitation alone. Estimation of forage biomass is done 28 
annually based on sampling at index sites. Index sites are selected subjectively each year based 29 
on presence of vegetation highly palatable to elk such as naturally sub-irrigated wet meadows, 30 
irrigated areas with significant green vegetation, and in years with adequate late summer/early 31 
fall precipitation, native dry grassland plant communities with basal green up.  32 
 33 
During 1995–2013, mean initiation of winter feeding on the NER was 28 January, ranging from 34 
30 December to 28 February. Mean termination of winter feeding during this same period was 35 
3 April, ranging from 20 March to 20 April. Initiation and termination dates vary widely based 36 
on winter conditions. Excluding years in which feeding did not occur, mean initiation and 37 
termination dates for winter feeding during 1976–2013 at the Gros Ventre feedgrounds 38 
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occurred during the second week of January and first week of April, respectively (Table 1). This 1 
resulted in approximately 3 months of feeding each year.  2 
 3 
Table 1. Winter feeding mean initiation and termination dates and total days for the Gros 4 
Ventre feedgrounds managed by Wyoming Game and Fish Department. Standard deviations 5 
are provided parenthetically. 6 

Feedground Initiation Date Termination Date Total Days 
Alkali 10 January (18.8) 7 April (13.5) 89 (23.5) 
Fish Creek 9 January (12.3) 4 April (17.1) 85 (21.0) 
Patrol Cabin 11 January (13.5) 4 April (11.6) 84 (19.0) 

 7 
Winter feeding coordination between the NER and WGFD occurs annually. Feeding in the Gros 8 
Ventre feedgrounds is targeted specifically to assist in keeping animals from moving to the NER; 9 
for example, animals are more likely to move to the NER if feeding is occurring there and not at 10 
the Gros Ventre feedgrounds, where the opposite up-slope migration is less likely. Termination 11 
of feeding at feedgrounds needs to be coordinated so animals moving to the NER after feeding 12 
ends on the Gros Ventre feedgrounds do not remain at the refuge. This coordination will 13 
continue regardless of the management strategy employed.  14 
 15 
Bison are fed as necessary to ensure elk are adequately fed. Bison out-compete elk for forage 16 
resources, so the typical strategy is to keep bison at the northernmost NER feedground 17 
(McBride) by feeding them prior to feeding elk. Bison are fed separately from elk and are given 18 
a ration adequate to ensure they do not move to elk feeding areas. This also influences 19 
distribution of bison in the winter, reducing conflict associated with bison moving into 1) 20 
Jackson, and 2) the Nowlin unit of the NER where commercial sleigh rides occur.  21 
 22 
Total harvest of the JEH was reduced over the last decade as the population objective was 23 
reached (Fig. 4). Elk hunting on the NER (Hunt Area 77) typically begins in mid-October and 24 
ends in mid-December, with peak harvest in recent years occurring in late November to early 25 
December.  From 2005 to 2011 an average of 393 (SD = 56) hunters harvested 161 (SD = 38) elk 26 
per year during the NER hunt.  27 
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 1 
Figure 4. Jackson elk herd estimated harvest, 2002–2011. 2 
 3 
Associated with harvest on the NER, “tag and drag” is a retrieval service currently provided by 4 
two licensed outfitters. They are also licensed to guide on the NER. This program will continue 5 
regardless of the management strategy employed.   6 
 7 
Hazing of elk is currently only undertaken in spring to encourage elk (and bison) to move off of 8 
the NER. Attempts at post-hunting/pre-feeding hazing of elk to the north part of the refuge 9 
occurred (e.g., 2005–2006), but were largely ineffective with elk generally returning the 10 
following day to the south end of the NER. These efforts included hazing using ATVs, on foot, 11 
and on horseback. Reducing spring hazing to increase early-season harvest was considered as a 12 
potential action but not included due to 1) the perception that the loss of forage on the Refuge 13 
by resident elk during summer would offset gains due to increased harvest, 2) presence of 14 
wolves on the northern end of the Refuge may preclude the desired response of reduced 15 
hazing to keep elk on the north end of the Refuge, and 3) recently observed aspen recovery 16 
could be reduced if elk use increased on the north end of the Refuge.  17 
 18 
Fencing of hay stacks and livestock feedline areas has historically been used to mitigate conflict 19 
on private lands. Fencing as mitigation on private land will continue in a targeted fashion. For 20 
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example, a proposed mitigation in the Horse Creek area would involve a land trade with a 1 
private landowner to move livestock winter feeding operations off of a south facing slope that 2 
is a movement corridor for elk. Fencing three sides of the private land would separate the 3 
corridor from the livestock feedline. Targeted fencing of golf course greens and sand traps fall 4 
through spring has been successful in some situations for mitigating elk and bison presence in 5 
these areas. It is important to note that the county has a ‘wildlife-friendly’ fence policy and 6 
does not support fencing impermeable to wildlife. 7 
 8 
The outcome of the reference case described above for elk abundance and distribution during 9 
winter in the JEH is shown in table 2. Population objectives for the two feedground complexes 10 
are provided, as are annual elk abundances as measured during the classification count. The 11 
data presented in table 2 demonstrate the potential for reaching the Phase 1 NER winter elk 12 
population objective of 5,000 while remaining within the JEH objective of 11,000 (±10%). 13 
 14 
Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 15 
classification counts, 2011–2013, relative to the current objective. 16 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range* 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 

*Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 17 
  18 
Bison numbers grew exponentially from the 1970s until recently, peaking at 1059 animals in 19 
2007 (Fig. 5). Recent declines in the number of bison are largely attributable to increased 20 
hunter harvest on the NER. Bison hunting begins on August 15 and ends in early to mid-January; 21 
no bison hunting is allowed in GTNP, resulting in bison often staying in the park during the 22 
hunting season with only occasional movements onto the NER until severe winter conditions 23 
occur. Given this situation, harvest management balances extending the hunt as late in January 24 
as practicable without conflicting with winter feeding. The dynamic nature of winter conditions 25 
makes this unpredictable, and results in the use of emergency bison season extensions or 26 
reductions. For example, an emergency extension of the season (no later than 31 January) 27 
could occur if mild winter conditions precluded desired harvest levels earlier in the season. 28 
Conversely, an emergency closure may be necessary if winter weather conditions require 29 
feeding to commence before the predetermined season end date. 30 
 31 
Most bison harvest occurs on the NER, with some additional harvest on private and BTNF lands.  32 
Since the initiation of the bison hunt in 2007, mean harvest has been 210 (SD = 45.5) bison per 33 
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year.  This level of harvest has been sufficient to arrest the exponential growth of the 1 
population, reducing bison numbers from the peak in 2007 to 855 animals in 2013 (Fig 5). 2 
Licensing changes for hunting Jackson Hole bison were enacted in 2014 to increase harvest, 3 
especially of bison females.  These included a reduction in the bison female/calf license fee 4 
(from $416 to $263 for residents and from $2522 to $1022 for non-residents) and eliminating 5 
the once-in-a-lifetime restriction on a successful bison hunter to only those that successfully 6 
harvested a bull. Tribal bison harvest is currently defined in the BEMP to permit up to five 7 
animals for ceremonial purposes; tribal harvest generally occurs outside of the state bison 8 
season. Translocation of bison to tribal lands outside of Teton County is not currently permitted 9 
due to brucellosis concerns.  10 

 11 
 12 
Figure 5. Bison winter population in the Jackson Hole area, 1970–2013.  13 
 14 
Bison would likely occupy the Refuge year-round without management intervention, but as a 15 
result of hazing by refuge staff and disturbance by hunters, peak bison activity on the NER 16 
occurs January–April each year.  If bison fail to leave the NER following the cessation of 17 
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supplemental feeding they are typically hazed off the Refuge using all-terrain vehicles (ATVs) in 1 
late April to early May.  Hazing moves bison to GTNP, where they generally remain until mid-2 
July. From July to early August bison that return to the NER are hazed back to GTNP to protect 3 
forage for elk during the winter months. Hazing efforts in August cease within several days to 4 
weeks of the bison season in an effort to increase hunter harvest.  5 
 6 
National Elk Refuge 7 
Alternative management actions identified for meeting the NER winter elk population objective 8 
can be grouped into four categories, including 1) winter feeding management (both on and off 9 
the NER), 2) population management (harvest, culling, and fertility control), 3) habitat 10 
improvements (on and adjacent to the NER), and 4) mitigating private lands conflicts 11 
(leases/easements, incentives, fencing) (Table 3). The latter represent sequenced alternatives 12 
that would be necessary to implement due to wintering elk dispersing onto private lands 13 
adjacent to the NER in response to other management actions taken. A fifth group of 14 
alternatives associated with increasing public awareness (including local elected officials, e.g., 15 
county commissioners) of ‘natural’ levels of elk winter mortality were included after the 16 
meeting. These actions represent acknowledgement that the current feeding program results in 17 
reduced winter mortality, perhaps exacerbating already low public tolerance to increased 18 
winter mortality, whether episodic or perennial in nature. This group was expanded to include 19 
more targeted education and outreach efforts for landowners, sportsmen and agencies, and 20 
the WGFD Commission, depending on the strategy.  Lastly, a group for each of monitoring and 21 
enforcement were included to allow proper accounting of projected costs associated with each 22 
management action strategy.   23 
 24 
Table 3. National Elk Refuge winter elk population strategy table for identifying alternative 25 
management action strategies. Ongoing management actions that will be continued 26 
regardless of strategy selected are not included in the table; descriptions can be found in the 27 
‘Reference case’ description within the text. 28 

  

Reference 
Case 

NER-
focused 

Southern herd 
segment 
mngmnt 

Late 
Season 
Harvest 

Winter feeding management  
   No change X 
 

X X 
Less conservative (NER)  X 

  Population management  
   No change X 
   Increase harvest objectives in Hunt 

Areas 77 & 78  
 

X 
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Late-season refuge hunt (Hunt Area 
77)  X X X 
Coordinated late-season hunt (Hunt 
Areas 75, 77, 78, 80)    X 
Extend open period on Forest 
Service  

  
X 

Fertility control (Hunt Area 78 & 
GTNP South)  

 
X 

 Hunt Area 78 Hunter management 
program   X  

Habitat improvements  
   No change X 
   Fire management on NER and 

adjacent public land  X X X 
Private lands mitigation  

   No change X 
   Incentivize steer operations  X 

  Non-traditional landuse mitigation   X  
Public education/outreach (EO)  

   No change X 
   Increase public EO (including local 

elected officials)  X X X 
Increase landowner EO  X X 

 Increase sportsmen & agency EO   X  
Increase WGFD Commission EO  X X X 

Monitoring X 
   No change  X X 

 Increase  
   Enforcement  
   No change X 
   Minor increase  X X  

Major Increase  
  

X 
 1 
Winter feeding management—Management of winter feeding is a primary driver of elk 2 
distribution, and to a lesser extent abundance, in the Jackson Hole area. Feeding on the NER is 3 
initiated each year based on a series of factors, including the amount of forage on the NER, 4 
number of elk present, and snow conditions. Initiation of feeding is currently conservative (see 5 
Reference case, pg 5). A less conservative approach would result in later initiation of feeding, 6 
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therefore potentially increasing winter calf mortality and comingling. Including agronomic 1 
grassland plant communities without significant green vegetation and/or reducing the available 2 
forage threshold would result in a less conservative winter feeding program. Per capita ration 3 
levels would not change from the current level.   4 
 5 
Implementing a less conservative feeding program could result in very limited, or no, feeding 6 
given certain winter conditions. However, the criteria for a less conservative feeding program 7 
would not be such that it could be construed as ‘emergency feeding’, i.e., feeding only to 8 
preclude a catastrophic mortality event. Colorado, Idaho, and Utah provide examples of states 9 
that have emergency feeding policies. Existing evidence suggests that emergency feeding is not 10 
very effective (see review in Putman and Staines 2004). Moreover, the current feeding regime 11 
has been developed for non-emergency situations; a review of current rations and pellet 12 
composition would be necessary to adjust the program for emergency feeding.  13 
 14 
Population management—Hunter harvest is the primary tool employed for population 15 
management of elk and bison in Wyoming. Increased harvest objectives on/near the NER would 16 
target the southern segment (Hunt Areas 77 & 78), which is currently more productive (i.e., 17 
higher cow-calf ratios) than other JEH segments. Doing this would help achieve JEH objective 18 
while minimizing harvest on migratory segments. In order to track hunter harvest there would 19 
need to be an increase in monitoring, e.g., hunter self-registration.         20 
 21 
Elk hunting on the NER currently ends mid-December. Offering a late-season hunt (after 15 22 
December) would assist in deterring elk from moving onto the refuge. Without coordinated 23 
hunts in adjacent units (Hunt Areas 75 [GTNP], 78 and 80), and extended open access on BTNF 24 
lands in Hunt Area 80, the NER hunt would likely be ineffective in also significantly increasing 25 
harvest. Late-season harvest in Hunt Area 80 would include migratory Yellowstone elk, a 26 
declining herd segment of conservation concern. These proposed coordinated efforts would 27 
need to be approved by the Commission, BTNF, and GTNP.  28 
 29 
Fertility control was considered and rejected in the 2007 BEMP, so therefore could not be 30 
undertaken on federal lands without vetting in the NEPA process. Moreover, this action would 31 
need approval by the WGFD Commission prior to the state undertaking fertility control on 32 
private lands in collaboration with landowners in Hunt Area 78 and Grand Teton NP South 33 
would occur during summer on private lands. Research completed since signing of the BEMP 34 
indicates fertility control may be more tractable now than when it was considered during 35 
preparation of the BEMP. Killian et al. (2009) demonstrated effectiveness of GonaCon™, a 36 
gonadotropin-releasing hormone vaccine, in female elk. Dart-delivered 2 ml doses of 1000 μg 37 
GonaCon™ resulted in nearly complete infertility of females treated in September. Much of the 38 
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early research on this immunocontraceptive vaccine was for use in white-tailed deer, with 1 
regulatory approval of GonaCon™ for use in female white-tailed deer by the U.S. Environmental 2 
Protection Agency granted in 2010. There are no known dangers to humans or wildlife from 3 
eating animals that have been treated with GonaCon™. 4 
 5 
Most of the observed increase in segment population has occurred in the largely non-migratory 6 
Hunt Area 78 / Grand Teton NP south segment. Increased harvest in this segment would help 7 
address a number of issues, in addition to assisting in reaching Phase I objective. Harvest is 8 
nearly as liberal as possible at this time; the greatest limitation is hunter opportunity in 9 
residentially-developed areas. Elk use in those areas is increasing, necessitating continued 10 
collaboration with homeowner associations to improve hunter access within residential 11 
developments. Many associations have covenants that exclude firearms, but archery may be an 12 
option where firearms are excluded. There is also a growing constituency for trophy bulls in 13 
these areas.  14 
 15 
A hunter management program for Hunt Area 78 would coordinate private land access through 16 
a hunt manager as liaison to private landowners. This program would be modeled after similar 17 
programs in Montana, as well as several in Wyoming (Meteetse, Laramie Peaks, etc.).    18 
 19 
Habitat improvements—Habitat improvements discussed so far have focused on fire 20 
treatments on range adjacent to the NER to increase attractiveness of these areas to wintering 21 
elk. Opportunities exist for managed fire in certain areas, but opportunities for prescribed fire 22 
are limited. Fire treatments in lynx habitat would not be possible, therefore it would be 23 
necessary to determine if a conifer stand was suitable lynx habitat as based on tree cover. 24 
Conversely, areas within sage grouse core habitat (i.e., within a 4 mile radius of a lek) have a 5% 25 
disturbance cap that would similarly preclude fire treatment. Areas mapped as wildland urban 26 
interface (WUI) are available for treatment, but treatments need to be defined as a fuels 27 
reduction.  28 
 29 
There is potential to have fire management areas on the refuge, but the conflict with sage 30 
grouse on the northern portion of the NER, which is identified as sage grouse core habitat, 31 
would need to be addressed. The plan will therefore include prescribed fire even if it isn’t a 32 
primary tool. These changes would represent a small, ephemeral gain at best in changes to 33 
habitat that may result in more elk wintering outside of the NER. Wildland fire use (i.e., wildfire 34 
to meet resource objectives) is authorized forest-wide in the BTNF. Much of the BTNF adjacent 35 
to the NER is within the Gros Ventre Wilderness, which is managed to allow “natural processes 36 
of ecological change to operate freely. The number, size and intensity of fires [are managed to] 37 
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approximate the natural fire regime” (USFS 2013). Benefits from wildland fire use on adjacent 1 
national forest lands are therefore opportunistic in nature. 2 
 3 
Private lands mitigation—Easements and leases have been proposed as a means to minimize 4 
livestock and elk conflict related to brucellosis. Easements would incentivize steer operations 5 
by purchasing from willing sellers the right to have cow/calf pairs. Easements should also 6 
consider all winter feeding of livestock (e.g., horses), certain agricultural crops that are 7 
attractants to elk (e.g., irrigated hay), as well as hunting access. These easements would be 8 
purchased and enforced through agencies and local land trusts. Leases in the Spring Gulch area 9 
are not a suitable solution due to the current level of development; may be an option in Buffalo 10 
Valley assuming the weather allows animals to winter there. Leases/easements would need to 11 
include a statement that the individual would forfeit their right to make a depredation claim to 12 
WGFD.  13 
 14 
Non-traditional landuse mitigation would differ from that described above for traditional 15 
landuses. For example, the Jackson Hole Conservation Alliance is working with subdivision 16 
landowners to install landscaping that is less attractive, and more resistant, to elk and deer. 17 
Similarly, WGFD assesses subdivisions to identify issues for mitigation, and provides input to 18 
real estate developers and in county planning documents. Also, targeted hazing in subdivisions 19 
and golf courses is ongoing and will continue on an as-needed basis. 20 
 21 
Public education/outreach—Each partner agency will have the opportunity to become involved 22 
in the planning and execution of education and outreach (EO) efforts. Increased public EO 23 
efforts will be undertaken regardless of the strategy selected. These efforts will include 24 
increasing public awareness of, and tolerance for, natural levels of winter mortality in elk. This 25 
would be accomplished through local news releases and radio announcements, training for 26 
sleigh-ride contractors that includes information on winter mortality in unfed populations of 27 
elk, etc. Regular updates on the planning process and progress towards meeting objectives set 28 
out in the BEMP will also be provided to the public through NER media outlets. County 29 
Commissions will be included in public EO efforts to make sure they are aware, and supportive, 30 
of the agencies’ efforts.  31 
 32 
Landowner EO would differ between those engaged in more traditional agricultural landuse 33 
(i.e., ranching) and non-traditional landusers (i.e., residential developments, golf courses). The 34 
decision to change a livestock operation from cow/calf to steers (non-breeding) is a major 35 
decision.  It is not expected that ranchers would respond to an article in the paper, news story 36 
on the radio or even a letter.  This kind of effort will require primarily one-on-one interactions 37 
with an individual that has built relationships and trust within the community. This would 38 
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require a private lands biologist to work with private landowners in the area. The position could 1 
be a shared position among agencies. Conversely, EO focused on homeowners in exurban 2 
developments will focus more on meetings with homeowners’ associations, residential 3 
developers, etc., to provide information regarding living with wildlife, wildlife management and 4 
conservation, etc. All agencies will need to collaborate in initial efforts to reach key landowners 5 
and homeowner associations to convey the objectives and primary issues involved in managing 6 
elk and bison in Jackson Hole, as well as to express the importance of their involvement in the 7 
process. WFGD is currently doing this in some areas, e.g., Hunt Area 78.  8 
Sportsmen EO would include meetings with local and regional sportsmen’s clubs and ideally 9 
articles in club magazines, Wyoming Outdoors, etc.  General newspaper articles could also help 10 
disseminate information. This could be largely accomplished with existing staff.  11 
 12 
Agency EO is happening to some degree through AMP meetings.  It would be helpful to focus 13 
on two different groups; field staff and Regional Office managers.  Field staff are instrumental 14 
in achieving management actions on the ground, but also support changing public opinion in 15 
the local area through their personal interactions outside of work.  Regional office EO is 16 
essential in building the necessary support to obtain project resources and have support when 17 
controversies are elevated to their level.    18 
 19 
WGFD Commissioner EO will require personal contacts coordinated with WGFD.  Top priority 20 
will be the commissioner for this area and perhaps others.  This will include 1) tours of the NER 21 
and GTNP and 2) a briefing on alternative strategies resulting from the AMP. 22 
 23 
Monitoring—Draft once strategies are finalized. 24 
 25 
Enforcement—Draft once strategies are finalized. 26 
 27 
Contstraints 28 
Constraints that were identified for managing wintering elk population on the NER were diverse 29 
and included policy/regulatory, biological, social, and funding constraints, and combinations 30 
thereof (Table 4). The most common constraints were policy related (33%), followed by social 31 
(28%), biological (22%), and funding (17%) constraints. Many of the identified constraints could 32 
be identified in multiple groups; we largely identified constraints as belonging to a single group 33 
to simplify classification.  34 
 35 
Table 4. Management constraints identified for the National Elk Refuge wintering elk 36 
population objective. 37 
Policy constraints 
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Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Easement limitation (NER boundary) 
2007 EIS (rejected fertility control and test and slaughter; limits tribal 

harvest) 
Social constraints 

Hunter numbers 
Winter mortality (social acceptance) 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts 
Fencing/wildlife conflicts 
Migratory segment (maintain summer distribution goals) 

Funding constraints 
Easements 
Fencing 
Fertility control 

 1 
National Elk Refuge Strategy Narratives 2 
Management action strategies were divided into themes based on the focus of the grouped 3 
actions within a strategy. For example, the National Elk Refuge-Focused strategy targets winter 4 
elk distribution through management actions primarily taken on the refuge. The Southern Herd 5 
Segment Management strategy is a set of actions intended to reduce the number, and 6 
productivity, of the largely non-migratory elk in Hunt Areas 75 and 78 while minimizing the risk 7 
of harvest to migratory segments of the JEH. The Late Season Harvest strategy would increase 8 
harvest more generally in the JEH through coordinated late season hunts, with key caveats 9 
outlined below. Several actions were identified as necessary to continue, or implement, 10 
regardless of the strategy selected. Those to be continued are the 1) intra-seasonal 11 
management and coordination between the NER and WGFD Gros Ventre feedgrounds, 2) 12 
fencing for private lands mitigation, and 3) “tag and drag” and guided hunts on the NER and 13 
GTNP. New actions to be implemented across all strategies include 1) a late-season refuge hunt, 14 
2) Fire management on NER and adjacent public land, 3) increased public education and 15 
outreach, and 4) increased WGFD Commission education and outreach. 16 
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   1 
National Elk Refuge-Focused Strategy 2 
The NER-focused strategy is based on altering distribution of elk using management actions 3 
centered primarily on the refuge. This strategy implements actions to make the refuge less 4 
attractive to wintering elk primarily through a less conservative winter feeding program and 5 
initiation of a late-season hunt. This assumes that a proportion of elk that winter on the refuge 6 
can be conditioned to stay on adjacent winter range based on decreasing the incentive (later 7 
initiation of feeding) and increasing the disincentive (late season hunt) to moving onto the 8 
refuge. Incentivizing steer operations on private lands would be undertaken to address the 9 
increased proportion of elk that may winter on adjacent private lands. Similarly, education and 10 
outreach to private landowners is included in this effort to increase acceptance of elk wintering 11 
on private lands adjacent to the NER. Increased enforcement on the NER would also be 12 
necessary due to the addition of the late-season hunt.  13 
 14 
Southern Herd Segment Management Strategy 15 
The southern herd segments (Hunt Area 78 and GTNP South) are increasing absolutely and 16 
proportionally within the JEH. Conversely, migratory segments (i.e., elk that summer in 17 
Yellowstone NP and Gros Ventre Wilderness) of the JEH are stable to declining. The Southern 18 
Herd Segment Management Strategy focuses management actions at slowing, or reversing, the 19 
growth of the southern herd segments. Proposed actions include increasing harvest through 20 
the development of a hunter management program, a program that also helps address private 21 
lands mitigation. Targeted fertility control on private land summer range could also be 22 
explored by WGFD, but would need to go through the proper approval process (i.e., WGFD 23 
Commission). This action was considered and rejected in the BEMP. Increased outreach to 24 
sportsmen and agencies, and landowners, would be undertaken; the former is due to the 25 
potential for fertility control and the latter is for increasing awareness of landowners of the 26 
efforts to reduce the southern herd-segment. Increased harvest is localized by this strategy, 27 
minimizing the potential impact of increased harvest on the migratory segments. Increased 28 
enforcement on the NER would also be necessary due to the addition of the late-season hunt. 29 
 30 
Late Season Harvest Strategy 31 
The Late Season Harvest Strategy represents a broader, landscape scale approach to achieving 32 
the Phase I elk objective. A coordinated (i.e., NER, WGFD, GTNP, BTNF) late season hunt in Hunt 33 
Areas 75, 77–78, and 80 would occur. Approval would need to be obtained for extending, or 34 
moving, the current season in GTNP to allow later harvest. Lastly, the current December 1st 35 
closure to protect wintering ungulates in Hunt Area 80 on BTNF lands would need to be 36 
modified through an environmental review process to allow hunter access into that area. 37 
Currently the JEH could be reduced by approximately 1,000 animals before being below 38 
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objective (11,000 ± 10%). A WGFD Commission approved reduction in the JEH could be 1 
investigated if the efforts of this strategy did not result in reaching the NER Phase I elk 2 
objective. An increase in enforcement would be necessary if this strategy was implemented.  3 
 4 
National Elk Refuge Strategy Consequences 5 
 6 
Considered but not included in the consequences table (covered in the EIS) – average annual 7 
private sector revenue; altered archeological resources; 8 



25 
 

Table 5. Predicted consequence table for the National Elk Refuge (NER) elk population on feed alternative management action 
strategies. This table is not currently cited in the text  

Objectivea/Decision 
Considerationb Evaluation criteria 

Reference 
Condition 

NER-
focused 

Southern herd 
segment mngmnt 

Late season 
harvest 

Elk-fed daysa Years to reach objective     

Herd segment 
distributionb 

Proportion long-distance 
migrants 

    

Financialb 

Average annual additional costs 
to agencies ($000) 

    

Commercial landuse additional 
costs 

    

Socialb 

Sportsman/outfitter support     

Environmental group support     

Commercial landowner support     

Residential landowner support     

Safetyb Animal/vehicle collisions     

aThe identified objective from the BEMP Phase I for this table is 5000 elk on winter feed at the NER, which has been converted to 
elk-fed days (see Population of Interest above). 
bAdditional decision considerations and evaluation criteria were identified by the working group for comparison among strategies. 
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Bison 
Alternative management actions for bison on the NER and adjacent areas included several 
developed for the NER wintering elk population objective in addition to those solely developed 
for bison (Table 6). Most of the actions identified were related to bison harvest in an effort to 
influence hunter access or success.  
 
Table 6. Bison population strategy table for identifying alternative management action 
strategies.  

  

Reference 
Case 

Hunter 
Harvest 

Alternative 
Reduction 

Actions 
Population management 

   No change X 
  

Improve late-season access to north 
end of NER for hunting and carcass 
retrieval 

 
X X 

Parking lot origination management 
 

X X 
Alternative reduction actions*   X 

Hazing 
   

No change 
   

Haze bison found south and east of 
Flat and Nowlin creeks  

X X 

Service-accompanied hunters  X X 
Habitat improvements 

   
No change X 

  
Fire management on NER and 
adjacent public land  

X X 

Water source improvements    
Private lands mitigation    

NER south-boundary improvement    
Public education/outreach (EO) 

   
No change X 

  
Increase education and outreach 

 
X X 

Monitoring 
   

No change 
   

Enforcement 
   

No change 
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Increase 
   

*Beyond the scope of this plan and may require NEPA review. 
 
Population management—Hunter harvest of bison since 2007 has led to an appreciable 
reduction in the population (Fig. 5). Further efforts to increase hunter harvest are intended to 
reduce the number of years necessary to reach the bison population objective. Most of the 
actions identified are related to increasing opportunity and success at the existing level of 
hunter numbers. The current number of hunters each year is believed to be a maximum 
number allowable while still providing a quality, and safe, hunting experience.   
 
Efforts to improve late-season access to the north end of the NER for hunting and carcass 
removal could facilitate increased harvest. Existing retrieval roads become impassable late in 
the hunting season due to snow, and can, for example, preclude hunters from using the West 
Parking Area or retrieving carcasses on the northern portion of the refuge. Keeping these roads 
open may be difficult in heavy snow years, requiring a bulldozer in some situations. 
Alternatively, over-the-snow vehicles could be considered for carcass retrieval on existing 
refuge roads. Hunter access easements across private lands on the northeast corner of the NER 
will be explored as another means of providing access to that portion of the refuge for hunting 
and carcass retrieval. 
 
Hunters must originate from a designated parking area for hunting bison on the NER. All but 
one designated parking area are within the NER. Access to the northwest portion of the NER is 
via a parking area within and managed by GTNP in collaboration with the NER. Accessing the 
refuge for hunting from BTNF lands along the eastern boundary of the NER was historically not 
allowed. The refuge will continue to manage hunter distribution using parking-lot origination in 
an effort to encourage bison to move onto, and remain, on the refuge. Hunters with a NER 
permit will also be allowed to access the refuge from adjacent BTNF lands.   
 
Continuous review of population management actions implemented for reaching the bison 
population objective will be undertaken during the life of this plan. If management actions 
outlined in this plan prove ineffective for reaching the objective, other actions that fall outside 
the scope of this plan may be considered, e.g., agency cull, herd-wide fertility control. Such 
actions may require evaluation as per the NEPA.  
 
Culling of bison is currently not used as a population management action. Including an agency 
bison cull as a potential population management action in this plan does not imply agency 
approval at this time and would only receive further consideration upon meeting several 
criteria. Consideration of an agency cull would include meeting National Environmental Policy 
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Act (NEPA) requirements. WGFD policy prevents elk hunting past January 31st to minimize 
hunter exposure to Brucella abortus (the bacteria that causes brucellosis). This policy is specific 
to elk at this time, but the same concerns exist for late-season bison harvest. Between February 
1st–15th WGFD personnel can harvest animals and the animals can be donated; animals killed 
after February 15th must be disposed of in a landfill.  
 
Herd-wide fertility control of bison was considered and rejected in the BEMP. A review of 
fertility control in wildlife, current at the time of approval of the BEMP, can be found in 
Appendix B of the final Environmental Impact Statement (EIS) (USFWS and USNPS 2007b). Need 
to gather more details on the current state of knowledge for this technique – would it be 
possible to have the WGFD vet draft a few sentences, with current citations, for this purpose? 
Seems like this would have to occur on the feedline to be efficient and effective, which would 
trigger NEPA. Bison primarily occur on federal lands, so proposed implementation of this action 
would necessitate following NEPA requirements.  
 
Hazing—Reduction, or elimination, of winter feeding will likely result in bison having a broader 
winter distribution in Jackson Hole. This could lead to more frequent use of the Nowlin unit by 
bison; the Nowlin unit is where commercial sleigh rides are conducted. Moreover, increased 
bison use of the southern portion of the NER beyond the Nowlin unit increases the potential for 
bison to enter the town of Jackson. For public safety and to minimize conflict in the Nowlin unit, 
bison will be hazed north if found south of a boundary starting at the Twin Creek Subdivision, 
west along Elk Refuge Road to Nowlin Gate, north and west along Hunter Retrieval Road 22 (an 
administrative road), north along Hunter Retrieval Road 22 to the Refuge Barns, west along 
Nowlin Creek to the confluence of Flat Creek, and north along Flat Creek to the northern 
boundary of the Jackson National Fish Hatchery.  
 
Service-accompanied hunters in NER management units south of the bison hazing line defined 
above could be used to haze bison north of the hazing line.  
 
Habitat improvements—Fire management on NER and adjacent public land to increase 
attractiveness for bison would be the same as described above for elk (pg X). The objective, 
however, differs in that the purpose of attracting and holding bison on the refuge would be 
primarily to increase susceptibility of bison to harvest.  

Water sources on the east side of the NER would be modified to increase flow rates, improve 
bison access to water, encourage bison use and potentially increase early season 
harvest.  Existing springs known as waterhole 2 and waterhole 3 currently have defunct bore 
hole pipes with limited water flows.  These would be repaired or replaced to ensure late 
summer water flow and encourage bison use at these locations. 
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Private lands mitigation—Bison primarily occur on public lands (i.e., NER, GTNP, and Bridger-
Teton National Forest), and when they do occur on private lands WGFD has the authority to 
haze or lethally remove bison for safety or private lands damage concerns (WGFC regulations, 
chapter 56). There is the potential for increased private lands conflict if winter feeding is 
reduced or eliminated on NER. For example, bison may move further south when feeding does 
not occur, increasing the potential for bison in Jackson. To reduce the likelihood of bison 
moving from the Refuge into Jackson, a double cattle guard will be installed on Elk Refuge Road 
at the boundary with East Broadway and at the gate where the town accesses the municipal 
water wells.  
 
Public education/outreach—Public education and outreach for bison management will be 
integrated into EO provided for elk management (see pg. X). There are important differences 
between bison and elk biology and management that will be articulated. The bison population 
objective differs from the elk objective, with the former based primarily on maintaining genetic 
heterozygosity while minimizing conflict (USFWS and USNPS 2007a). Bison winter feeding is 
conducted primarily to eliminate conflict with elk on feedgrounds, which is fundamentally 
different than the objective for feeding elk to sustain the JEH through winter with minimal 
mortality. Winter feeding of bison precludes other conflicts that would occur if bison were 
more broadly distributed within Jackson Hole, e.g., bison in the town of Jackson and the 
associated public safety conflict. As winter feeding is reduced, or eliminated, efforts will be 
made to manage potential increased conflict, but public acceptance of increased conflict will be 
necessary. There are important biological differences between bison and elk that will be 
highlighted. For example, during 2007–2013 the JBH had greater than twice the ratio of calves 
to females in winter compared to elk of the JEH (0.47 [SD = 0.05] for bison and 0.22 [SD = 0.03] 
for elk; WGFD, unpubl. data). During the six-year period taken to complete the BEMP the bison 
population grew exponentially, increasing from 627 animals in 2002 to 1059 in 2007 (Fig. 5; 
WGFD, unpubl. data). Management challenges can also differ between bison and elk. Bison 
female-calf groups spend much of the year in GTNP, where no harvest is permitted, and move 
to the Refuge as winter conditions reduce forage availability in GTNP. Female-calf groups 
largely do not use BTNF lands adjacent to the NER or GTNP, which constrains population 
management using hunter harvest to a relatively limited area on the NER. This can lead to 
dense concentrations of animals and hunters on the NER, which can result in hunter conflict.  
 
Increased EO to state agencies, e.g. the Department of Agriculture and state veterinarian, will 
be included as part of this action. The range of bison will likely expand as feeding is 
reduced/eliminated, potentially leading to more conflict on private agricultural and developed 
lands. 
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Monitoring— Draft once strategies are finalized. 
 
Enforcement— Draft once strategies are finalized. 
 
Constraints 
Constraints unique to bison management were largely related to disease transmission concerns 
and related policy (Table 7). For example, it is not currently possible to move bison out of the 
county, nor are bison currently allowed in the Gros Ventre near WGFD feedgrounds. Several 
identified alternative actions, fertility control and test and slaughter, were considered and 
rejected in the 2007 Environmental Impact Assessment (EIS) for the Bison and Elk Management 
Plan. The 2007 EIS similarly limits tribal harvest of bison. Moreover, there is uncertainty if an 
effective bison fertility control exists, which is a technological constraint. What constraints 
from the NER wintering elk constraints table should be carried over to the bison constraints 
table? 
 
Table 7. Management constraints identified for the bison population objective. 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Cumbersome hunt regulations 
Hunter access (especially from north of the NER) 
Easement limitation (NER boundary) 
Current restriction on moving bison out of county 

Social constraints 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Vendor numbers (are there enough for bison removals?) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts (fire) 
Fencing/wildlife conflicts 
Grizzly bear conflicts (potential) 

Funding constraints 
Easements 
Fencing 
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Fertility control 
Technological constraints 

Fertility control 
 
Note/reminder from initial fall meeting Nov. 2012: “Three-pronged approach” 1) how to use 
hunters to reduce #s, 2) how to get more on native, 3) explicit metric for winter mortality that is 
acceptable.  
 
Include a paragraph or two that describes 1) how phases are related to each other, 2) when we 
will claim we’ve been successful in Phase I, 3) how Phase II will be implemented (i.e., stepwise 
or all at once after success with Phase I, 4) whether meeting bison and elk objectives 
simultaneously will be necessary to begin implementing Phase II.  
 
Disease management – current plan doesn’t address CWD explicitly except to state that NER 
will work within WGFD’s plan (should be out 2015). Need to write justification for increased 
emphasis on managing CWD threat. This is in conflict with brucellosis objectives that state 
feeding will be used to minimize co-mingling. Use easements for the latter and to balance CWD 
management.  
 
Does the current distribution of collared animals represent animals on native range? The 
latter are under-represented in the sample. Assuming main influence on aspen is from elk on 
winter feedgrounds. 
 
Need to provide justification for just including aspen – explain aspen as an umbrella for other 
habitats. Aspen regeneration more responsive to management actions; highly-preferred by 
elk. 
 
Bison impact on wet meadow; will we keep reducing elk due to bison? Need to consider 
monitoring bison. Can we go lower than 500 or is it firmly set? 
 
Changes that have occurred since completion of BEMP – Winter distribution of elk has 
changed, calf ratios have declined excluding short-distance migrant segment, wolf presence 
may have exacerbated this, bison numbers, fires in Gros Ventre, habitat management to hold 
elk in GTNP. All agencies agreed the plan was doable but the distributional shifts challenge 
that currently – S.Cain…graph of proportional distribution of elk on feedgrounds (has 
increased as animals on native range have declined). Write this up and share with the group 
for edits. 
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Do we provide a set date of adjusting feeding criteria to build collaboration with publics who 
will be influenced by the change (public outreach)? The adaptive part is figuring out what 
number of elk the refuge can support, less so how to reduce numbers on winter feed. Will 
likely push off winter feeding regardless in an effort to maximize bison harvest (i.e., late 
January season). 
 
Include a summary of the actions in this plan that tier off of the BEMP vs. those that would 
trigger NEPA. This would include defining strategies succinctly and the threshold that would 
trigger NEPA. In this way we can move forward with actions that step down from the BEMP 
and have a trigger for initiating NEPA if, and only if, necessary.   

1) Removed ‘Grand Teton NP harvest’ from the bison alternatives table because it was not 
in the BEMP and would therefore trigger NEPA and an act of Congress would be 
necessary (for a hunt, not a cull). A bison cull in GTNP would still trigger NEPA. Included 
agency cull (see below).  

2) Test and slaughter for bison was reviewed and rejected in the BEMP – many reasons to 
not do it.  

3) An agency bison cull would trigger NEPA 
4) Herd-wide fertility control in bison would similarly trigger NEPA 
5) Elk fertility control in GTNP south? This is currently an action in an elk strategy that 

would trigger NEPA, yet we haven’t excluded it from the main plan, simply stated it 
would need NEPA. 

 
Wolf management to facilitate elk winter use of native range. 
 
We need to make sure the co-mingling mitigation tools are articulated and implementable; 
this can be started as soon as possible so that when we start adjusting feeding to change elk 
distribution we are a bit ahead of the game.  
      
 
 
Models 
If the fundamental objective is to minimize the number of animals on feed we need to 
conceptualize the relationship between elk density and winter feeding. To do this I thought it 
would be easiest to define the proportion of Kcal in elk diets from feed as a function of elk 
density while accounting for standing forage. I created a figure to represent this; no feeding 
occurs at low densities of elk (<1 animal per 300 lbs available forage), then asymptotically 
approaches all Kcals coming from feed as density increases. We can change the threshold of 
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when feeding starts as necessary.

 
While this simple model helps us think through winter feeding and elk numbers, it ignores elk 
survival as a function of available forage. I don’t think we can ignore that, especially calf 
survival? It seems to me that what we are trying to do is 1) encourage elk to distribute 
themselves more broadly by being less conservative with winter feeding (i.e., change the 
shape of the figure above) and conducting late-season hunts, while 2) staying within an 
acceptable range of winter mortality, especially calf mortality. I’ve been thinking about this in 
this manner since Tim’s comments on winter survival at the last meeting. I understand that 
we’re working toward achieving desired conditions, but I imagine we’ll quickly lose public 
support if they see a pile of dead calves. And I don’t think they’ll view sparing aspen from elk 
browse is worth that.  
 
Here’s a figure of the hypothesized relationship between calf survival and available forage.  
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We could use existing information to estimate the two relationships represented in the 
figures, which would provide us with a set of models to predict winter calf mortality as a 
function of available forage, and then see where we can get with less conservative winter 
feeding. This would allow us to articulate to the public that we’re trying to not go above 
some level of calf mortality while reducing the number of elk on the refuge by being less 
conservative with feeding. If we can’t successfully reduce the number of elk on feed without 
going beyond the calf mortality rate deemed acceptable then we’ll know we need to 1) get 
support for possibly allowing higher calf mortality, 2) use some other identified action to 
distribute elk during winter, or 3) reduce the overall objective/number of elk.   
 
We could concurrently monitor aspen condition so that as we alter distribution of animals on 
the refuge we learn how that influences the likelihood of aspen growing through the browse 
zone. This would allow us to relatively seamlessly transition into phase 2 of the plan.  At that 
point the question becomes ‘can aspen reached desired condition when we maximize the 
number of elk on standing forage at the current population level (density).  
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Adaptive management uses models of the managed system to link the objective response (e.g., 
desired habitat condition) to changes in the system resulting from management actions (e.g., 
altered elk distribution).  
 
We need to have a spatially-explicit model (set of models) that links desired conditions to elk 
and bison abundance and distribution. If we divide the refuge into 16 ha (40 acre) blocks we 
can then build a model to predict desired condition in that block during a period of time in 
response to elk and bison use. The latter is similar to EFD and BFD in needing to combine 
abundance and time animals are in a block. From a management perspective this is most 
influenced by feeding and harvest. Desired habitat condition is a function of animal use 
 

𝐸𝐸𝐷𝐷𝑡𝑡(𝑝𝑝) = 𝑓𝑓(𝑈𝑈𝑡𝑡(𝑝𝑝)), 
   
where 𝐸𝐸𝐷𝐷𝑡𝑡(𝑝𝑝) is the desired condition in block i during time t and 𝑈𝑈𝑡𝑡(𝑝𝑝) is the combined use of 
block i during time t by elk and bison. Takes a special case of circumstances to have escapement 
occur. (this can be separated so each species has its own term and they are additive – not 
sure how that would look, but seems easily doable). Use is the product of animal abundance in 
block i in time t, 𝑛𝑛𝑡𝑡(𝑝𝑝), and days present, 𝑑𝑑𝑡𝑡(𝑝𝑝) (may be more realistic to have larger time frame, 
e.g. weeks, that is realistic from a monitoring perspective), such that  
 

𝑈𝑈𝑡𝑡(𝑝𝑝) = 𝑛𝑛𝑡𝑡(𝑝𝑝)𝑑𝑑𝑡𝑡(𝑝𝑝). 
 

Animal abundance, n, in turn, is a function of the proportion of animals (𝑝𝑝𝑡𝑡(𝑝𝑝)) present in block i 
at time t 
 
 

𝑛𝑛𝑡𝑡(𝑝𝑝) = 𝑝𝑝𝑡𝑡(𝑝𝑝)𝑁𝑁𝑡𝑡, 
 
where 𝑁𝑁𝑡𝑡 is the total population during time t. Lastly, 𝑝𝑝𝑡𝑡(𝑝𝑝) can be described as a function of 
hunting, winter feeding, and other block attributes (this latter group should be included at a 
general level and is something we need to discuss; most of our interest lies in the response of 
animals to hunting and feeding).  
 
We assumed a negative linear effect of winter feeding on animal use of a block, i.e., use 
increases linearly with decreasing distance from a feedground. The influence of hunting on 
animal use in a block was assumed to have a pseudo-threshold functional form. This accounts 
for the discrete boundaries between open- and closed-hunt units such that the effect of 
hunting on animal use declines rapidly with distance from open-hunt units and approaches an 
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asymptote. What are the attributes of each cell that predict use – distance to feed grounds, 
hunt management, aspect, slope, distance to road, fencing. This is a significant component we 
need to figure out. I can try to provide some examples to help with the conversation. The 
other big component to work through is what exactly DC is – I’m still partial to working this 
this using aspen as an example. ‘Heavy lifting is defining DC and quantifying it’ (Kerry). We 
may find that to be about as much as can be handled with current resources. If that is true, 
we’ll have to think through how we can justify just one (or maybe 2-3) of the desired 
conditions for monitoring. If cottonwoods are less preferred than aspen we can probably 
easily get away from intense monitoring of cottonwoods by assuming they are likely doing 
well if aspen are. Different story for willows, but maybe it will take fence to get willows back 
at nearly any level of elk/bison at this point.   
 
Monitoring 
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APPENDIX I 
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Figure 1.A1. Schematic representation of Bison and Elk Management Plan vision, goals, objective categories, objectives, measureable attributes and performance criteria. Bolded boxes and arrows represent the objective 
outlining the phased approach to population management by adaptively managing elk and bison populations for desired conditions. Stippled boxes represent measureable attributes and performance criteria for desired 
conditions defined in the National Elk Refuge Comprehensive Conservation Plan. Grayed-out boxes represent objectives, measurable attributes, and performance criteria wholly (e.g., public education) or largely (e.g., 
invasive species management) independent of desired conditions related to elk and bison population objectives, and therefore not considered in this plan. 
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yet allows for the biotic integrity and environmental health of the resources to be 
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Introduction 1 
 2 
Uncertainty regarding how to reach objectives for elk and bison populations, desired habitat 3 
conditions, and disease management in Jackson Hole remains after many years of study and 4 
debate. Determining an effective set of management actions to meet multiple and potentially 5 
conflicting objectives is needed. In an effort to address this, an adaptive management (AM) 6 
approach is being undertaken (Walters 1986). There are four essential elements to an adaptive 7 
management approach: 1) well defined and mutually agreed upon objectives, 2) clearly 8 
articulated management actions and strategies, 3) a model, or competing models, describing 9 
the dynamics of the system being managed, and 4) a monitoring program to quantify system 10 
response to management and allow estimation of the difference between the observed and 11 
predicted (from the model or models) system response. A fifth component, optimal decision 12 
making, is also included in some AM efforts. The AM approach is ‘adaptive’ because learning 13 
through management experiments (management actions implemented to change the state of 14 
the system) occurs. In single-model AM projects the learning results in better estimates of the 15 
effects included in the model, i.e., there is less uncertainty about how the system will respond 16 
to management actions. In multiple-model AM projects learning occurs through the 17 
competition of models in the model set. Each model provides a representation of a competing 18 
idea (hypothesis) about how the system works. The model that best predicts system response 19 
to management provides support that the hypothesis it represents is a better description of the 20 
system than the other hypotheses, reducing uncertainty about the system being managed.    21 
 22 
Uncertainty abounds in wildlife conservation and management.  For example, how survival and 23 
distribution of bison and elk will respond to different management actions is only modestly 24 
predictable. Similarly, what number of elk and bison the area can support based on desired 25 
conditions is largely unknown, and likely varies in response to environmental variation (e.g., 26 
weather, habitat heterogeneity). These types of uncertainty are often referred to as process 27 
error, i.e., imperfect knowledge of the biological system being managed. A second type of 28 
uncertainty is related to our inability to conduct a complete census of a population, i.e., partial 29 
observability (Williams 1997). This is sampling variation associated with wildlife monitoring, 30 
also commonly referred to as observation error (Hilborn and Mangel 1997). Process and 31 
observational error create uncertainty that limits a manager’s ability to make informed 32 
management decisions.  33 
 34 
The Bison and Elk AM plan will embrace existing uncertainty regarding drivers of bison and elk 35 
wintering abundance and distribution, and survival, in the Jackson Hole area and on the 36 
National Elk Refuge (NER), provide further understanding of important limiting factors, and help 37 
guide management actions toward those that will have the most direct benefit to achieving 38 
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stated goals and objectives. The Bison and Elk Management Plan (BEMP; USFWS and USNPS 1 
2007a) provides goals, objectives, and strategies related to bison and elk population in the 2 
Jackson Hole area and within the NER. The AM plan is an extension of the BEMP, providing an 3 
adaptive management framework to achieve the goals and objectives of the BEMP. Therefore, 4 
the AM plan is considered a step-down plan to the BEMP and utilizes the goals and objectives 5 
within the BEMP. Strategies from the BEMP were incorporated into additional strategies 6 
considered during the development of the AM plan. The AM plan and associated efforts is an 7 
opportunity to collectively learn from ongoing work to manage elk and bison in the Jackson 8 
Hole area. 9 
 10 
The BEMP contains four goals (Fig. 1) and 20 associated objectives (Appendix I). Completion of 11 
an AM plan to manage bison and elk populations is specific to the Sustainable Populations 12 
BEMP goal (Fig. 2). The Sustainable Populations BEMP goal outlines ‘a phased approach to 13 
reducing the number of animals on [supplementary winter] feed’ while achieving 1) Wyoming 14 
Game and Fish Department (WGFD) population objectives for the Jackson Elk Herd (JEH) and 2) 15 
an elk sex ratio in Grand Teton National Park (GTNP) of 35 bulls for every 100 cows. The first 16 
phase sets initial population objectives at 5000 elk on winter feed. The second phase calls for 17 
elk populations that are adaptively managed to “achieve desired conditions, with animals 18 
relying predominantly on native habitat and cultivated forage”. The bison population objective 19 
of 500 animals post-hunting season was determined based largely on maintaining genetic 20 
heterozygosity while minimizing other conflicts (USFWS and USNPS 2007a). Unlike the second 21 
phase elk objective, the bison objective is independent of additional criteria defined as desired 22 
conditions.  23 
 24 
Desired conditions on the NER relate to six criteria to be considered as triggers for management 25 
actions for ‘progressively transitioning from intensive supplemental winter feeding to greater 26 
reliance on free-standing forage’. These considerations are: 1) Level of forage production and 27 
availability on the National Elk Refuge, 2) Desired herd size and ratios, 3) Effective mitigation of 28 
bison-elk-cattle mingling on private lands, 4) Winter distribution patterns of elk and bison, 5) 29 
Prevalence of brucellosis, chronic wasting disease, and other wildlife diseases, and 6) Public 30 
support. For example, forage production desired conditions are articulated in the Habitat 31 
Conservation objective of the BEMP; the current trigger for starting supplemental winter 32 
feeding is based on available forage (see below). Desired herd sizes and ratios are similarly 33 
defined in the BEMP (e.g. Phase 1 NER wintering elk objective of 5000, see above), however a 34 
significant component of the adaptive management plan is determining the number of 35 
wintering elk the NER can support while achieving the other desired conditions.  36 
 37 
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Accomplishing the objectives identified within the BEMP using management actions available to 1 
the NER, WGFD, GTNP, and Bridger-Teton National Forest (BTNF) is the intent of this plan. The 2 
working group created a problem statement to articulate the connection among the decision 3 
framework, objectives, actions, and predicted outcomes:   4 

 5 
The adaptive management plan identifies actions (include reference to BEMP) for 6 
progressively transitioning from winter feeding of elk and bison on the NER to greater 7 
reliance on free-standing forage while maintaining population and herd ratio objectives. The 8 
primary actions available to achieve BEMP objectives include the 1) timing of winter feeding, 9 
2) timing of hunting, and 3) harvest levels that can be implemented annually to encourage 10 
greater use of native range and cultivated free-standing forage. Management actions will 11 
incorporate those that simultaneously minimizing disease prevalence, maintain public 12 
support and minimizing comingling of elk and bison with cattle on private land.  13 
 14 
The Phase I objective of 5000 elk appears to have originated from Hobbs et al. (2003). This 15 
report, based on three simulation exercises, concluded that “in average SWE [snow-water 16 
equivalent] winters with average pre-winter precipitation and 500 bison, roughly 16,000 elk can 17 
find forage on the Greater Teton Ecosystem without incurring forage deficits and roughly 5,000 18 
elk can find forage on the NER without incurring deficits.” Hobbs et al. (2003) do not explicitly 19 
define winter in the report, but appendix B of the report describes the ‘entire winter’ as 20 
‘roughly November 1st to July 1st’. Presumably the numbers given in the report represent the 21 
number present throughout the winter period, although this is not explicitly stated. It is 22 
important to note that elk use stored energy reserves during winter, so incurring a forage 23 
deficit does not imply an immediate threat (Hobbs 1989, Cook 2002).  24 
 25 
The number of elk on winter feed on the NER and bison in the Jackson Bison Herd (JBH) 26 
currently exceeds the Phase 1 objective from the existing BEMP (Fig. 1) (USFWS and USNPS 27 
2007a). The JEH, which includes elk wintering on the NER, is within WGFD objective, while the 28 
JBH population is above objective. Therefore the primary issues for reaching Phase 1 population 29 
objectives are related to 1) distribution of elk during winter, and 2) abundance of bison.   30 
 31 
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 1 
Figure 1. Hierarchical relationship among the vision, fundamental objectives and Phase 1 2 
objective for elk and bison in the Bison and Elk Management Plan (USFWS and USNPS 2007a). 3 
The Phase 2 wintering elk population objective the National Elk Refuge (NER) is ‘to adaptively 4 
manage …elk populations with animals relying predominantly on native habitat and 5 
cultivated forage’. The NER winter elk population objective is a sub-objective of the Jackson 6 
elk herd (JEH). 7 
 8 
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 1 
Figure 2. Hierarchical relationship among the Sustainable Populations goal, the objective for a 2 
phased approach to reducing the number of animals on feed, and the six considerations for 3 
the adaptive management plan vision, as defined in the Bison and Elk Management Plan 4 
(USFWS and USNPS 2007a). Phase 1 and Phase 2 population objectives for elk on the National 5 
Elk Refuge and bison in the Jackson Hole area are shown in relation to the desired herd size 6 
consideration. 7 
 8 
Population of Interest 9 
A succinct and precise definition of the populations of interest is essential for developing 10 
models of system dynamics and appropriate monitoring, and determining if objectives are 11 
being met. Bison and elk populations of interest differ slightly in definition as stated in the 12 
BEMP objectives. The bison objective is for the post-hunt population within the Jackson Hole 13 
area (the Jackson Bison Herd [JBH]), inclusive of the NER. Conversely, the elk population 14 
objective for the NER is specific to the number of animals on feed at the refuge, and is a sub-15 
objective within the broader Jackson Elk Herd (JEH) (Fig. 2) post-hunt objective set by the 16 
Wyoming Game and Fish Commission (a governor-appointed policy-making board). Elk herd 17 
unit boundaries are determined by the WGFD and represent population boundaries where 18 
there is an estimated annual interchange with surrounding herds of <10% (Emmerich et al. 19 
2007).  Approximately 65% of the JEH winters on the NER based on February classification 20 
counts (see below for definition of classification counts; USFWS & WGFD unpubl. data). The 21 
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Jackson bison herd primarily winters on the NER (~90%), but range much further during the rest 1 
of the year (USFWS & WGFD unpubl. data). Geographic range of bison, figure, etc. It would be 2 
best to include a single figure that delineates the JEH and bison population. Eric has the 3 
shapefiles to update the figure. 4 
 5 
Determining if the BEMP population objectives are being met requires periodic estimates of the 6 
populations of interest. There are two components to the population objectives that need to be 7 
considered — where animals are and when they are there.  The BEMP bison population 8 
objective is the same for the JBH as it is for the NER, i.e., there is not a sub-objective specific to 9 
the Refuge as there is for elk. Moreover, the bison population objective is less temporally 10 
specific than that for elk, the former being an annual post-hunt population objective and the 11 
latter being defined based on the number of animals on feed. This aspect of the elk objective 12 
increases the difficulty in estimating the population of interest due to movements of animals 13 
into and out of feedgrounds during winter feeding. More importantly, the amount of time elk 14 
are on feed varies among years.   15 
 16 
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 1 
Figure 2. Jackson Elk Herd unit boundary, including the National Elk Refuge and Grand Teton 2 
and Yellowstone National Parks. INCLUDE BISON RANGE IN THIS FIGURE. 3 
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While not explicitly stated, the BEMP was written with an assumption that annual classification 1 
counts were to be used as the metric to determine if population objectives were being met, i.e., 2 
as a proxy for the number of elk on feed at the NER. Classification counts are a coordinated 3 
census of the JBH and JEH, collaboratively undertaken during early February by WGFD and the 4 
NER. These counts are undertaken during a single survey period and do not necessarily 5 
represent either peak or cumulative abundance (i.e., the greatest number of animals present 6 
on a single day during a winter, or the sum total of animals present throughout a winter, 7 
respectively) of bison or elk on feed. Elk and bison are enumerated by age and sex classes, 8 
providing population class structure information as well as overall abundance. Elk classes 9 
recorded during the classification count are calf, cow (includes yearlings), spike bull, and 10 
mature bull; bison classes are calf, yearling cow, yearling bull, adult cow, adult bull. A 5-10% 11 
difference typically exists between the classification count estimate and the daily number of elk 12 
on feed during peak abundance. Peak elk abundance on the NER during 2007–2013 occurred 13 
late February through the first week of March (USFWS unpublish. feedline data) (Fig. 3). 14 
Proposed changes to a less conservative feeding program that would result in a later initiation 15 
of winter feeding (see Development of Alternative Management Actions and Strategies 16 
below) could increase the difference between when the classification count is conducted and 17 
peak numbers of elk on feed. A less conservative feeding program could also result in initiation 18 
of feeding on the NER after the classification count has been completed in some years. Lastly, 19 
the classification count may be replaced in the near future by survey (i.e., not a census) 20 
methodology used elsewhere in the state by WGFD for estimating elk abundance. The new 21 
survey methodology may not provide suitable NER-specific estimates of elk abundance for 22 
determining if Refuge population objectives are being met.  23 
 24 
Beyond logistical or methodological considerations, a single elk population estimate in time 25 
would not adequately capture the dynamic nature of elk abundance in relation to winter 26 
feeding on the NER. For example, 5000 elk on winter feed (the current BEMP Phase 1 objective) 27 
for three months would likely have a greater impact on NER habitats than 5000 elk on feed for 28 
a single month. The BEMP Phase 1 elk population objective is not defined by time, leaving it 29 
open for interpretation whether the objective was intended as a mean number of animals fed 30 
during a winter, a maximum number fed, or a cumulative number fed. To address this issue 31 
while staying within the implied intent of the BEMP, we chose elk-fed days (EFD; the cumulative 32 
number of elk fed during a feeding season) as the metric for determining if the elk population 33 
objective is being met. This number combines both the spatial and temporal aspect of animals 34 
on the NER, providing better accounting of potential effects than a single classification count. It 35 
is also believed that this is more consistent with winter carrying-capacity projections estimated 36 
in Hobbs et al. (2003). The Phase I objective of 5000 elk on feed is defined relative to elk-fed 37 
days as  38 
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 1 
𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑑𝑑 ∗ 5000 elk, 2 

 3 
where d is the mean number of days of feeding from 1995–2007 (64 days [SD = 22]). This time 4 
span was selected to maintain consistency with the data used in developing the BEMP. The 5 
benchmark historical value is then 320,000 EFD. Bison-fed days (BFD) can similarly be calculated 6 
as 31,500 BFD for bison using d = 63 days (SD = 22) and the bison population objective of 500 7 
animals. This latter value provides an important historical perspective on winter feeding of 8 
bison and can assist in determining efficacy of management actions toward accomplishing the 9 
bison objective; post-hunt bison abundance will be the definitive number used for determining 10 
if the bison population objective is being met.   11 

 12 
Figure 3. Mean daily elk abundance on the National Elk Refuge during winter feeding, 2007–13 
2013. Data are from feedline counts for calendar dates where feeding occurred during all 14 
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years, i.e., February 12th (calendar date 43) through March 21st (calendar date 80). Counts 1 
were conducted from feeding equipment.   2 
 3 
Development of Alternative Management Actions and Strategies 4 
Alternative management actions were identified during a meeting of stakeholders at the NER 5 
22 May 2013. Alternative actions, and constraints, were developed for the NER winter elk 6 
population and the JBH. A series of further meetings (25 July, 20 August, 12 September, 23 7 
October, and 13 November 2013, and 22 January, 24 February, and 7 April 2014) were held to 8 
create management strategies, i.e., collections of actions that form complete and comparable 9 
alternatives (Gregory et al. 2012).  10 
 11 
Reference case—It is helpful to identify a reference alternative that captures the recent and 12 
ongoing management actions that have led to the current state of the system for comparing 13 
with new alternatives that are developed. Ongoing management actions include winter feeding, 14 
irrigation, harvest, and hazing.  15 
 16 
Big game population objectives in Wyoming are evaluated and updated at least every five 17 
years. Objectives represent the preferred number of animals during winter within a herd unit 18 
(e.g., the Jackson Elk Herd) and are determined based upon multiple factors, including 1) 19 
available habitat to support the defined population, 2) hunting access, and 3) tolerance for 20 
wildlife on private lands by landowners (Tassell et al. 1995). Public input on proposed 21 
population objectives is obtained during public hearings. After the hearings the proposed 22 
population objectives are sent to the Wyoming Game and Fish Commission for review and 23 
approval. The NER, GTNP, and Bridger-Teton National Forest (BTNF) have participated in WGFD 24 
big game population objective review and revision processes in the past for both the JEH and 25 
JBH. These federal agencies will continue to participate in objective setting for the JEH and JBH 26 
populations. 27 
 28 
The current JEH winter feeding program includes two groups of feedgrounds – one on, and 29 
managed by, the NER, and the second managed by WGFD. The latter are the Alkali, Fish Creek, 30 
and Patrol Cabin feedgrounds, collectively known as the Gros Ventre feedgrounds, located on 31 
BTNF lands. Initiation of feeding is currently conservative, i.e., has the primary objectives of 32 
minimizing elk 1) winter mortality of the most susceptible group, calves, and 2) comingling 33 
issues with cattle on adjacent private lands. Winter feeding begins when available forage 34 
reaches approximately 300 lbs acre-1 at key index sites. Available winter forage for elk and bison 35 
on the NER is largely determined by snow conditions, rate of forage consumption during fall 36 
and winter, and biomass of forage produced during the previous growing season.  37 
 38 
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Forage biomass (metric tons) is correlated with the amount of precipitation (mm) during May–1 
August (𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 50.31, R2 = 0.91; 1995 and 1998–2006, NER unpubl. data), and secondarily 2 

affected by the number of irrigated acres.  Refuge-wide herbaceous forage production 3 
averaged 14,387 (SD = 4125) tons during 1998–2013, and in recent years irrigation of 4 
approximately 3,600 acres has increased forage production by approximately 10% compared to 5 
what would have been produced with precipitation alone. Estimation of forage biomass is done 6 
annually based on sampling at index sites. Index sites are selected subjectively each year based 7 
on presence of vegetation highly palatable to elk such as naturally sub-irrigated wet meadows, 8 
irrigated areas with significant green vegetation, and in years with adequate late summer/early 9 
fall precipitation, native dry grassland plant communities with basal green up.  10 
 11 
During 1995–2013, mean initiation of winter feeding on the NER was 28 January, ranging from 12 
30 December to 28 February. Mean termination of winter feeding during this same period was 13 
3 April, ranging from 20 March to 20 April. Initiation and termination dates vary widely based 14 
on winter conditions. Excluding years in which feeding did not occur, mean initiation and 15 
termination dates for winter feeding during 1976–2013 at the Gros Ventre feedgrounds 16 
occurred during the second week of January and first week of April, respectively (Table 1). This 17 
resulted in approximately 3 months of feeding each year.  18 
 19 
Table 1. Winter feeding mean initiation and termination dates and total days for the Gros 20 
Ventre feedgrounds managed by Wyoming Game and Fish Department. Standard deviations 21 
are provided parenthetically. 22 

Feedground Initiation Date Termination Date Total Days 
Alkali 10 January (18.8) 7 April (13.5) 89 (23.5) 
Fish Creek 9 January (12.3) 4 April (17.1) 85 (21.0) 
Patrol Cabin 11 January (13.5) 4 April (11.6) 84 (19.0) 

 23 
Winter feeding coordination between the NER and WGFD occurs annually. Feeding in the Gros 24 
Ventre feedgrounds is targeted specifically to assist in keeping animals from moving to the NER; 25 
for example, animals are more likely to move to the NER if feeding is occurring there and not at 26 
the Gros Ventre feedgrounds, where the opposite up-slope migration is less likely. Termination 27 
of feeding at feedgrounds needs to be coordinated so animals moving to the NER after feeding 28 
ends on the Gros Ventre feedgrounds do not remain at the refuge. This coordination will 29 
continue regardless of the management strategy employed.  30 
 31 
Bison are fed as necessary to ensure elk are adequately fed. Bison out-compete elk for forage 32 
resources, so the typical strategy is to keep bison at the northernmost NER feedground 33 
(McBride) by feeding them prior to feeding elk. Bison are fed separately from elk and are given 34 
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a ration adequate to ensure they do not move to elk feeding areas. This also influences 1 
distribution of bison in the winter, reducing conflict associated with bison moving into 1) 2 
Jackson, and 2) the Nowlin unit of the NER where commercial sleigh rides occur.  3 
 4 
Total harvest of the JEH was reduced over the last decade as the population objective was 5 
reached (Fig. 4). Elk hunting on the NER (Hunt Area 77) typically begins in mid-October and 6 
ends in mid-December, with peak harvest in recent years occurring in late November to early 7 
December.  From 2005 to 2011 an average of 393 (SD = 56) hunters harvested 161 (SD = 38) elk 8 
per year during the NER hunt.  9 

 10 
Figure 4. Jackson elk herd estimated harvest, 2002–2011. 11 
 12 
Associated with harvest on the NER, “tag and drag” is a retrieval service currently provided by 13 
two licensed outfitters. They are also licensed to guide on the NER. This program will continue 14 
regardless of the management strategy employed.   15 
 16 
Hazing of elk is currently only undertaken in spring to encourage elk (and bison) to move off of 17 
the NER. Attempts at post-hunting/pre-feeding hazing of elk to the north part of the refuge 18 
occurred (e.g., 2005–2006), but were largely ineffective with elk generally returning the 19 
following day to the south end of the NER. These efforts included hazing using ATVs, on foot, 20 
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and on horseback. Reducing spring hazing to increase early-season harvest was considered as a 1 
potential action but not included due to 1) the perception that the loss of forage on the Refuge 2 
by resident elk during summer would offset gains due to increased harvest, 2) presence of 3 
wolves on the northern end of the Refuge may preclude the desired response of reduced 4 
hazing to keep elk on the north end of the Refuge, and 3) recently observed aspen recovery 5 
could be reduced if elk use increased on the north end of the Refuge.  6 
 7 
Fencing of hay stacks and livestock feedline areas has historically been used to mitigate conflict 8 
on private lands. Fencing as mitigation on private land will continue in a targeted fashion. For 9 
example, a proposed mitigation in the Horse Creek area would involve a land trade with a 10 
private landowner to move livestock winter feeding operations off of a south facing slope that 11 
is a movement corridor for elk. Fencing three sides of the private land would separate the 12 
corridor from the livestock feedline. Targeted fencing of golf course greens and sand traps fall 13 
through spring has been successful in some situations for mitigating elk and bison presence in 14 
these areas. It is important to note that the county has a ‘wildlife-friendly’ fence policy and 15 
does not support fencing impermeable to wildlife. 16 
 17 
The outcome of the reference case described above for elk abundance and distribution during 18 
winter in the JEH is shown in table 2. Population objectives for the two feedground complexes 19 
are provided, as are annual elk abundances as measured during the classification count. The 20 
data presented in table 2 demonstrate the potential for reaching the Phase 1 NER winter elk 21 
population objective of 5,000 while remaining within the JEH objective of 11,000 (±10%). 22 
 23 
Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 24 
classification counts, 2011–2013, relative to the current objective. 25 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range* 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 

*Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 26 
  27 
Bison numbers grew exponentially from the 1970s until recently, peaking at 1059 animals in 28 
2007 (Fig. 5). Recent declines in the number of bison are largely attributable to increased 29 
hunter harvest on the NER. Bison hunting begins on August 15 and ends in early to mid-January; 30 
no bison hunting is allowed in GTNP, resulting in bison often staying in the park during the 31 
hunting season with only occasional movements onto the NER until severe winter conditions 32 
occur. Given this situation, harvest management balances extending the hunt as late in January 33 
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as practicable without conflicting with winter feeding. The dynamic nature of winter conditions 1 
makes this unpredictable, and results in the use of emergency bison season extensions or 2 
reductions. For example, an emergency extension of the season (no later than 31 January) 3 
could occur if mild winter conditions precluded desired harvest levels earlier in the season. 4 
Conversely, an emergency closure may be necessary if winter weather conditions require 5 
feeding to commence before the predetermined season end date. 6 
 7 
Most bison harvest occurs on the NER, with some additional harvest on private and BTNF lands.  8 
Since the initiation of the bison hunt in 2007, mean harvest has been 210 (SD = 45.5) bison per 9 
year.  This level of harvest has been sufficient to arrest the exponential growth of the 10 
population, reducing bison numbers from the peak in 2007 to 855 animals in 2013 (Fig 5). 11 
Licensing changes for hunting Jackson Hole bison were enacted in 2014 to increase harvest, 12 
especially of bison females.  These included a reduction in the bison female/calf license fee 13 
(from $416 to $263 for residents and from $2522 to $1022 for non-residents) and eliminating 14 
the once-in-a-lifetime restriction on a successful bison hunter to only those that successfully 15 
harvested a bull. Tribal bison harvest is currently defined in the BEMP to permit up to five 16 
animals for ceremonial purposes; tribal harvest generally occurs outside of the state bison 17 
season. Translocation of bison to tribal lands outside of Teton County is not currently permitted 18 
due to brucellosis concerns.  19 
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 1 
 2 
Figure 5. Bison winter population in the Jackson Hole area, 1970–2013.  3 
 4 
Bison would likely occupy the Refuge year-round without management intervention, but as a 5 
result of hazing by refuge staff and disturbance by hunters, peak bison activity on the NER 6 
occurs January–April each year.  If bison fail to leave the NER following the cessation of 7 
supplemental feeding they are typically hazed off the Refuge using all-terrain vehicles (ATVs) in 8 
late April to early May.  Hazing moves bison to GTNP, where they generally remain until mid-9 
July. From July to early August bison that return to the NER are hazed back to GTNP to protect 10 
forage for elk during the winter months. Hazing efforts in August cease within several days to 11 
weeks of the bison season in an effort to increase hunter harvest.  12 
 13 
National Elk Refuge 14 
Alternative management actions identified for meeting the NER winter elk population objective 15 
can be grouped into four categories, including 1) winter feeding management (both on and off 16 
the NER), 2) population management (harvest, culling, and fertility control), 3) habitat 17 
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improvements (on and adjacent to the NER), and 4) mitigating private lands conflicts 1 
(leases/easements, incentives, fencing) (Table 3). The latter represent sequenced alternatives 2 
that would be necessary to implement due to wintering elk dispersing onto private lands 3 
adjacent to the NER in response to other management actions taken. A fifth group of 4 
alternatives associated with increasing public awareness (including local elected officials, e.g., 5 
county commissioners) of ‘natural’ levels of elk winter mortality were included after the 6 
meeting. These actions represent acknowledgement that the current feeding program results in 7 
reduced winter mortality, perhaps exacerbating already low public tolerance to increased 8 
winter mortality, whether episodic or perennial in nature. This group was expanded to include 9 
more targeted education and outreach efforts for landowners, sportsmen and agencies, and 10 
the WGFD Commission, depending on the strategy.  Lastly, a group for each of monitoring and 11 
enforcement were included to allow proper accounting of projected costs associated with each 12 
management action strategy.   13 
 14 
Table 3. National Elk Refuge winter elk population strategy table for identifying alternative 15 
management action strategies. Ongoing management actions that will be continued 16 
regardless of strategy selected are not included in the table; descriptions can be found in the 17 
‘Reference case’ description within the text. 18 

  

Reference 
Case 

NER-
focused 

Southern herd 
segment 
mngmnt 

Late 
Season 
Harvest 

Winter feeding management  
   No change X 
 

X X 
Less conservative (NER)  X 

  Population management  
   No change X 
   Increase harvest objectives in Hunt 

Areas 77 & 78  
 

X 
 Late-season refuge hunt (Hunt Area 

77)  X X X 
Coordinated late-season hunt (Hunt 
Areas 75, 77, 78, 80)    X 
Extend open period on Forest 
Service  

  
X 

Fertility control (Hunt Area 78 & 
GTNP South)  

 
X 

 Hunt Area 78 Hunter management 
program   X  



17 
 

Habitat improvements  
   No change X 
   Fire management on NER and 

adjacent public land  X X X 
Private lands mitigation  

   No change X 
   Incentivize steer operations  X 

  Non-traditional landuse mitigation   X  
Public education/outreach (EO)  

   No change X 
   Increase public EO (including local 

elected officials)  X X X 
Increase landowner EO  X X 

 Increase sportsmen & agency EO   X  
Increase WGFD Commission EO  X X X 

Monitoring X 
   No change  X X 

 Increase  
   Enforcement  
   No change X 
   Minor increase  X X  

Major Increase  
  

X 
 1 
Winter feeding management—Management of winter feeding is a primary driver of elk 2 
distribution, and to a lesser extent abundance, in the Jackson Hole area. Feeding on the NER is 3 
initiated each year based on a series of factors, including the amount of forage on the NER, 4 
number of elk present, and snow conditions. Initiation of feeding is currently conservative (see 5 
Reference case, pg 5). A less conservative approach would result in later initiation of feeding, 6 
therefore potentially increasing winter calf mortality and comingling. Including agronomic 7 
grassland plant communities without significant green vegetation and/or reducing the available 8 
forage threshold would result in a less conservative winter feeding program. Per capita ration 9 
levels would not change from the current level.   10 
 11 
Implementing a less conservative feeding program could result in very limited, or no, feeding 12 
given certain winter conditions. However, the criteria for a less conservative feeding program 13 
would not be such that it could be construed as ‘emergency feeding’, i.e., feeding only to 14 
preclude a catastrophic mortality event. Colorado, Idaho, and Utah provide examples of states 15 
that have emergency feeding policies. Existing evidence suggests that emergency feeding is not 16 
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very effective (see review in Putman and Staines 2004). Moreover, the current feeding regime 1 
has been developed for non-emergency situations; a review of current rations and pellet 2 
composition would be necessary to adjust the program for emergency feeding.  3 
 4 
Population management—Hunter harvest is the primary tool employed for population 5 
management of elk and bison in Wyoming. Increased harvest objectives on/near the NER would 6 
target the southern segment (Hunt Areas 77 & 78), which is currently more productive (i.e., 7 
higher cow-calf ratios) than other JEH segments. Doing this would help achieve JEH objective 8 
while minimizing harvest on migratory segments. In order to track hunter harvest there would 9 
need to be an increase in monitoring, e.g., hunter self-registration.         10 
 11 
Elk hunting on the NER currently ends mid-December. Offering a late-season hunt (after 15 12 
December) would assist in deterring elk from moving onto the refuge. Without coordinated 13 
hunts in adjacent units (Hunt Areas 75 [GTNP], 78 and 80), and extended open access on BTNF 14 
lands in Hunt Area 80, the NER hunt would likely be ineffective in also significantly increasing 15 
harvest. Late-season harvest in Hunt Area 80 would include migratory Yellowstone elk, a 16 
declining herd segment of conservation concern. These proposed coordinated efforts would 17 
need to be approved by the Commission, BTNF, and GTNP.  18 
 19 
Fertility control was considered and rejected in the 2007 BEMP, so therefore could not be 20 
undertaken on federal lands without vetting in the NEPA process. Moreover, this action would 21 
need approval by the WGFD Commission prior to the state undertaking fertility control on 22 
private lands in collaboration with landowners in Hunt Area 78 and Grand Teton NP South 23 
would occur during summer on private lands. Research completed since signing of the BEMP 24 
indicates fertility control may be more tractable now than when it was considered during 25 
preparation of the BEMP. Killian et al. (2009) demonstrated effectiveness of GonaCon™, a 26 
gonadotropin-releasing hormone vaccine, in female elk. Dart-delivered 2 ml doses of 1000 μg 27 
GonaCon™ resulted in nearly complete infertility of females treated in September. Much of the 28 
early research on this immunocontraceptive vaccine was for use in white-tailed deer, with 29 
regulatory approval of GonaCon™ for use in female white-tailed deer by the U.S. Environmental 30 
Protection Agency granted in 2010. There are no known dangers to humans or wildlife from 31 
eating animals that have been treated with GonaCon™. 32 
 33 
Most of the observed increase in segment population has occurred in the largely non-migratory 34 
Hunt Area 78 / Grand Teton NP south segment. Increased harvest in this segment would help 35 
address a number of issues, in addition to assisting in reaching Phase I objective. Harvest is 36 
nearly as liberal as possible at this time; the greatest limitation is hunter opportunity in 37 
residentially-developed areas. Elk use in those areas is increasing, necessitating continued 38 
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collaboration with homeowner associations to improve hunter access within residential 1 
developments. Many associations have covenants that exclude firearms, but archery may be an 2 
option where firearms are excluded. There is also a growing constituency for trophy bulls in 3 
these areas.  4 
 5 
A hunter management program for Hunt Area 78 would coordinate private land access through 6 
a hunt manager as liaison to private landowners. This program would be modeled after similar 7 
programs in Montana, as well as several in Wyoming (Meteetse, Laramie Peaks, etc.).    8 
 9 
Habitat improvements—Habitat improvements discussed so far have focused on fire 10 
treatments on range adjacent to the NER to increase attractiveness of these areas to wintering 11 
elk. Opportunities exist for managed fire in certain areas, but opportunities for prescribed fire 12 
are limited. Fire treatments in lynx habitat would not be possible, therefore it would be 13 
necessary to determine if a conifer stand was suitable lynx habitat as based on tree cover. 14 
Conversely, areas within sage grouse core habitat (i.e., within a 4 mile radius of a lek) have a 5% 15 
disturbance cap that would similarly preclude fire treatment. Areas mapped as wildland urban 16 
interface (WUI) are available for treatment, but treatments need to be defined as a fuels 17 
reduction.  18 
 19 
There is potential to have fire management areas on the refuge, but the conflict with sage 20 
grouse on the northern portion of the NER, which is identified as sage grouse core habitat, 21 
would need to be addressed. The plan will therefore include prescribed fire even if it isn’t a 22 
primary tool. These changes would represent a small, ephemeral gain at best in changes to 23 
habitat that may result in more elk wintering outside of the NER. Wildland fire use (i.e., wildfire 24 
to meet resource objectives) is authorized forest-wide in the BTNF. Much of the BTNF adjacent 25 
to the NER is within the Gros Ventre Wilderness, which is managed to allow “natural processes 26 
of ecological change to operate freely. The number, size and intensity of fires [are managed to] 27 
approximate the natural fire regime” (USFS 2013). Benefits from wildland fire use on adjacent 28 
national forest lands are therefore opportunistic in nature. 29 
 30 
Private lands mitigation—Easements and leases have been proposed as a means to minimize 31 
livestock and elk conflict related to brucellosis. Easements would incentivize steer operations 32 
by purchasing from willing sellers the right to have cow/calf pairs. Easements should also 33 
consider all winter feeding of livestock (e.g., horses), certain agricultural crops that are 34 
attractants to elk (e.g., irrigated hay), as well as hunting access. These easements would be 35 
purchased and enforced through agencies and local land trusts. Leases in the Spring Gulch area 36 
are not a suitable solution due to the current level of development; may be an option in Buffalo 37 
Valley assuming the weather allows animals to winter there. Leases/easements would need to 38 
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include a statement that the individual would forfeit their right to make a depredation claim to 1 
WGFD.  2 
 3 
Non-traditional landuse mitigation would differ from that described above for traditional 4 
landuses. For example, the Jackson Hole Conservation Alliance is working with subdivision 5 
landowners to install landscaping that is less attractive, and more resistant, to elk and deer. 6 
Similarly, WGFD assesses subdivisions to identify issues for mitigation, and provides input to 7 
real estate developers and in county planning documents. Also, targeted hazing in subdivisions 8 
and golf courses is ongoing and will continue on an as-needed basis. 9 
 10 
Public education/outreach—Each partner agency will have the opportunity to become involved 11 
in the planning and execution of education and outreach (EO) efforts. Increased public EO 12 
efforts will be undertaken regardless of the strategy selected. These efforts will include 13 
increasing public awareness of, and tolerance for, natural levels of winter mortality in elk. This 14 
would be accomplished through local news releases and radio announcements, training for 15 
sleigh-ride contractors that includes information on winter mortality in unfed populations of 16 
elk, etc. Regular updates on the planning process and progress towards meeting objectives set 17 
out in the BEMP will also be provided to the public through NER media outlets. County 18 
Commissions will be included in public EO efforts to make sure they are aware, and supportive, 19 
of the agencies’ efforts.  20 
 21 
Landowner EO would differ between those engaged in more traditional agricultural landuse 22 
(i.e., ranching) and non-traditional landusers (i.e., residential developments, golf courses). The 23 
decision to change a livestock operation from cow/calf to steers (non-breeding) is a major 24 
decision.  It is not expected that ranchers would respond to an article in the paper, news story 25 
on the radio or even a letter.  This kind of effort will require primarily one-on-one interactions 26 
with an individual that has built relationships and trust within the community. This would 27 
require a private lands biologist to work with private landowners in the area. The position could 28 
be a shared position among agencies. Conversely, EO focused on homeowners in exurban 29 
developments will focus more on meetings with homeowners’ associations, residential 30 
developers, etc., to provide information regarding living with wildlife, wildlife management and 31 
conservation, etc. All agencies will need to collaborate in initial efforts to reach key landowners 32 
and homeowner associations to convey the objectives and primary issues involved in managing 33 
elk and bison in Jackson Hole, as well as to express the importance of their involvement in the 34 
process. WFGD is currently doing this in some areas, e.g., Hunt Area 78.  35 
Sportsmen EO would include meetings with local and regional sportsmen’s clubs and ideally 36 
articles in club magazines, Wyoming Outdoors, etc.  General newspaper articles could also help 37 
disseminate information. This could be largely accomplished with existing staff.  38 
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 1 
Agency EO is happening to some degree through AMP meetings.  It would be helpful to focus 2 
on two different groups; field staff and Regional Office managers.  Field staff are instrumental 3 
in achieving management actions on the ground, but also support changing public opinion in 4 
the local area through their personal interactions outside of work.  Regional office EO is 5 
essential in building the necessary support to obtain project resources and have support when 6 
controversies are elevated to their level.    7 
 8 
WGFD Commissioner EO will require personal contacts coordinated with WGFD.  Top priority 9 
will be the commissioner for this area and perhaps others.  This will include 1) tours of the NER 10 
and GTNP and 2) a briefing on alternative strategies resulting from the AMP. 11 
 12 
Monitoring—Draft once strategies are finalized. 13 
 14 
Enforcement—Draft once strategies are finalized. 15 
 16 
Contstraints 17 
Constraints that were identified for managing wintering elk population on the NER were diverse 18 
and included policy/regulatory, biological, social, and funding constraints, and combinations 19 
thereof (Table 4). The most common constraints were policy related (33%), followed by social 20 
(28%), biological (22%), and funding (17%) constraints. Many of the identified constraints could 21 
be identified in multiple groups; we largely identified constraints as belonging to a single group 22 
to simplify classification.  23 
 24 
Table 4. Management constraints identified for the National Elk Refuge wintering elk 25 
population objective. 26 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Easement limitation (NER boundary) 
2007 EIS (rejected fertility control and test and slaughter; limits tribal 

harvest) 
Social constraints 

Hunter numbers 
Winter mortality (social acceptance) 
Public safety (ungulate/vehicle collisions) 
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Disease (cattle commingling) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts 
Fencing/wildlife conflicts 
Migratory segment (maintain summer distribution goals) 

Funding constraints 
Easements 
Fencing 
Fertility control 

 1 
National Elk Refuge Strategy Narratives 2 
Management action strategies were divided into themes based on the focus of the grouped 3 
actions within a strategy. For example, the National Elk Refuge-Focused strategy targets winter 4 
elk distribution through management actions primarily taken on the refuge. The Southern Herd 5 
Segment Management strategy is a set of actions intended to reduce the number, and 6 
productivity, of the largely non-migratory elk in Hunt Areas 75 and 78 while minimizing the risk 7 
of harvest to migratory segments of the JEH. The Late Season Harvest strategy would increase 8 
harvest more generally in the JEH through coordinated late season hunts, with key caveats 9 
outlined below. Several actions were identified as necessary to continue, or implement, 10 
regardless of the strategy selected. Those to be continued are the 1) intra-seasonal 11 
management and coordination between the NER and WGFD Gros Ventre feedgrounds, 2) 12 
fencing for private lands mitigation, and 3) “tag and drag” and guided hunts on the NER and 13 
GTNP. New actions to be implemented across all strategies include 1) a late-season refuge hunt, 14 
2) Fire management on NER and adjacent public land, 3) increased public education and 15 
outreach, and 4) increased WGFD Commission education and outreach. 16 
   17 
National Elk Refuge-Focused Strategy 18 
The NER-focused strategy is based on altering distribution of elk using management actions 19 
centered primarily on the refuge. This strategy implements actions to make the refuge less 20 
attractive to wintering elk primarily through a less conservative winter feeding program and 21 
initiation of a late-season hunt. This assumes that a proportion of elk that winter on the refuge 22 
can be conditioned to stay on adjacent winter range based on decreasing the incentive (later 23 
initiation of feeding) and increasing the disincentive (late season hunt) to moving onto the 24 
refuge. Incentivizing steer operations on private lands would be undertaken to address the 25 
increased proportion of elk that may winter on adjacent private lands. Similarly, education and 26 
outreach to private landowners is included in this effort to increase acceptance of elk wintering 27 
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on private lands adjacent to the NER. Increased enforcement on the NER would also be 1 
necessary due to the addition of the late-season hunt.  2 
 3 
Southern Herd Segment Management Strategy 4 
The southern herd segments (Hunt Area 78 and GTNP South) are increasing absolutely and 5 
proportionally within the JEH. Conversely, migratory segments (i.e., elk that summer in 6 
Yellowstone NP and Gros Ventre Wilderness) of the JEH are stable to declining. The Southern 7 
Herd Segment Management Strategy focuses management actions at slowing, or reversing, the 8 
growth of the southern herd segments. Proposed actions include increasing harvest through 9 
the development of a hunter management program, a program that also helps address private 10 
lands mitigation. Targeted fertility control on private land summer range could also be 11 
explored by WGFD, but would need to go through the proper approval process (i.e., WGFD 12 
Commission). This action was considered and rejected in the BEMP. Increased outreach to 13 
sportsmen and agencies, and landowners, would be undertaken; the former is due to the 14 
potential for fertility control and the latter is for increasing awareness of landowners of the 15 
efforts to reduce the southern herd-segment. Increased harvest is localized by this strategy, 16 
minimizing the potential impact of increased harvest on the migratory segments. Increased 17 
enforcement on the NER would also be necessary due to the addition of the late-season hunt. 18 
 19 
Late Season Harvest Strategy 20 
The Late Season Harvest Strategy represents a broader, landscape scale approach to achieving 21 
the Phase I elk objective. A coordinated (i.e., NER, WGFD, GTNP, BTNF) late season hunt in Hunt 22 
Areas 75, 77–78, and 80 would occur. Approval would need to be obtained for extending, or 23 
moving, the current season in GTNP to allow later harvest. Lastly, the current December 1st 24 
closure to protect wintering ungulates in Hunt Area 80 on BTNF lands would need to be 25 
modified through an environmental review process to allow hunter access into that area. 26 
Currently the JEH could be reduced by approximately 1,000 animals before being below 27 
objective (11,000 ± 10%). A WGFD Commission approved reduction in the JEH could be 28 
investigated if the efforts of this strategy did not result in reaching the NER Phase I elk 29 
objective. An increase in enforcement would be necessary if this strategy was implemented.  30 
 31 
National Elk Refuge Strategy Consequences 32 
 33 
Considered but not included in the consequences table (covered in the EIS) – average annual 34 
private sector revenue; altered archeological resources; 35 
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Table 5. Predicted consequence table for the National Elk Refuge (NER) elk population on feed alternative management action 
strategies. This table is not currently cited in the text  

Objectivea/Decision 
Considerationb Evaluation criteria 

Reference 
Condition 

NER-
focused 

Southern herd 
segment mngmnt 

Late season 
harvest 

Elk-fed daysa Years to reach objective     

Herd segment 
distributionb 

Proportion long-distance 
migrants 

    

Financialb 

Average annual additional costs 
to agencies ($000) 

    

Commercial landuse additional 
costs 

    

Socialb 

Sportsman/outfitter support     

Environmental group support     

Commercial landowner support     

Residential landowner support     

Safetyb Animal/vehicle collisions     

aThe identified objective from the BEMP Phase I for this table is 5000 elk on winter feed at the NER, which has been converted to 
elk-fed days (see Population of Interest above). 
bAdditional decision considerations and evaluation criteria were identified by the working group for comparison among strategies. 
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Bison 
Alternative management actions for bison on the NER and adjacent areas included several 
developed for the NER wintering elk population objective in addition to those solely developed 
for bison (Table 6). Most of the actions identified were related to bison harvest in an effort to 
influence hunter access or success.  
 
Table 6. Bison population strategy table for identifying alternative management action 
strategies.  

  

Reference 
Case 

Hunter 
Harvest 

Alternative 
Reduction 

Actions 
Population management 

   No change X 
  

Improve late-season access to north 
end of NER for hunting and carcass 
retrieval 

 
X X 

Parking lot origination management 
 

X X 
Alternative reduction actions*   X 

Hazing 
   

No change 
   

Haze bison found south and east of 
Flat and Nowlin creeks  

X X 

Service-accompanied hunters  X X 
Habitat improvements 

   
No change X 

  
Fire management on NER and 
adjacent public land  

X X 

Water source improvements    
Private lands mitigation    

NER south-boundary improvement    
Public education/outreach (EO) 

   
No change X 

  
Increase education and outreach 

 
X X 

Monitoring 
   

No change 
   

Enforcement 
   

No change 
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Increase 
   

*Beyond the scope of this plan and may require NEPA review. 
 
Population management—Hunter harvest of bison since 2007 has led to an appreciable 
reduction in the population (Fig. 5). Further efforts to increase hunter harvest are intended to 
reduce the number of years necessary to reach the bison population objective. Most of the 
actions identified are related to increasing opportunity and success at the existing level of 
hunter numbers. The current number of hunters each year is believed to be a maximum 
number allowable while still providing a quality, and safe, hunting experience.   
 
Efforts to improve late-season access to the north end of the NER for hunting and carcass 
removal could facilitate increased harvest. Existing retrieval roads become impassable late in 
the hunting season due to snow, and can, for example, preclude hunters from using the West 
Parking Area or retrieving carcasses on the northern portion of the refuge. Keeping these roads 
open may be difficult in heavy snow years, requiring a bulldozer in some situations. 
Alternatively, over-the-snow vehicles could be considered for carcass retrieval on existing 
refuge roads. Hunter access easements across private lands on the northeast corner of the NER 
will be explored as another means of providing access to that portion of the refuge for hunting 
and carcass retrieval. 
 
Hunters must originate from a designated parking area for hunting bison on the NER. All but 
one designated parking area are within the NER. Access to the northwest portion of the NER is 
via a parking area within and managed by GTNP in collaboration with the NER. Accessing the 
refuge for hunting from BTNF lands along the eastern boundary of the NER was historically not 
allowed. The refuge will continue to manage hunter distribution using parking-lot origination in 
an effort to encourage bison to move onto, and remain, on the refuge. Hunters with a NER 
permit will also be allowed to access the refuge from adjacent BTNF lands.   
 
Continuous review of population management actions implemented for reaching the bison 
population objective will be undertaken during the life of this plan. If management actions 
outlined in this plan prove ineffective for reaching the objective, other actions that fall outside 
the scope of this plan may be considered, e.g., agency cull, herd-wide fertility control. Such 
actions may require evaluation as per the NEPA.  
 
Culling of bison is currently not used as a population management action. Including an agency 
bison cull as a potential population management action in this plan does not imply agency 
approval at this time and would only receive further consideration upon meeting several 
criteria. Consideration of an agency cull would include meeting National Environmental Policy 
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Act (NEPA) requirements. WGFD policy prevents elk hunting past January 31st to minimize 
hunter exposure to Brucella abortus (the bacteria that causes brucellosis). This policy is specific 
to elk at this time, but the same concerns exist for late-season bison harvest. Between February 
1st–15th WGFD personnel can harvest animals and the animals can be donated; animals killed 
after February 15th must be disposed of in a landfill.  
 
Herd-wide fertility control of bison was considered and rejected in the BEMP. A review of 
fertility control in wildlife, current at the time of approval of the BEMP, can be found in 
Appendix B of the final Environmental Impact Statement (EIS) (USFWS and USNPS 2007b). Need 
to gather more details on the current state of knowledge for this technique – would it be 
possible to have the WGFD vet draft a few sentences, with current citations, for this purpose? 
Seems like this would have to occur on the feedline to be efficient and effective, which would 
trigger NEPA. Bison primarily occur on federal lands, so proposed implementation of this action 
would necessitate following NEPA requirements.  
 
Hazing—Reduction, or elimination, of winter feeding will likely result in bison having a broader 
winter distribution in Jackson Hole. This could lead to more frequent use of the Nowlin unit by 
bison; the Nowlin unit is where commercial sleigh rides are conducted. Moreover, increased 
bison use of the southern portion of the NER beyond the Nowlin unit increases the potential for 
bison to enter the town of Jackson. For public safety and to minimize conflict in the Nowlin unit, 
bison will be hazed north if found south of a boundary starting at the Twin Creek Subdivision, 
west along Elk Refuge Road to Nowlin Gate, north and west along Hunter Retrieval Road 22 (an 
administrative road), north along Hunter Retrieval Road 22 to the Refuge Barns, west along 
Nowlin Creek to the confluence of Flat Creek, and north along Flat Creek to the northern 
boundary of the Jackson National Fish Hatchery.  
 
Service-accompanied hunters in NER management units south of the bison hazing line defined 
above could be used to haze bison north of the hazing line.  
 
Habitat improvements—Fire management on NER and adjacent public land to increase 
attractiveness for bison would be the same as described above for elk (pg X). The objective, 
however, differs in that the purpose of attracting and holding bison on the refuge would be 
primarily to increase susceptibility of bison to harvest.  

Water sources on the east side of the NER would be modified to increase flow rates, improve 
bison access to water, encourage bison use and potentially increase early season 
harvest.  Existing springs known as waterhole 2 and waterhole 3 currently have defunct bore 
hole pipes with limited water flows.  These would be repaired or replaced to ensure late 
summer water flow and encourage bison use at these locations. 
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Private lands mitigation—Bison primarily occur on public lands (i.e., NER, GTNP, and Bridger-
Teton National Forest), and when they do occur on private lands WGFD has the authority to 
haze or lethally remove bison for safety or private lands damage concerns (WGFC regulations, 
chapter 56). There is the potential for increased private lands conflict if winter feeding is 
reduced or eliminated on NER. For example, bison may move further south when feeding does 
not occur, increasing the potential for bison in Jackson. To reduce the likelihood of bison 
moving from the Refuge into Jackson, a double cattle guard will be installed on Elk Refuge Road 
at the boundary with East Broadway and at the gate where the town accesses the municipal 
water wells.  
 
Public education/outreach—Public education and outreach for bison management will be 
integrated into EO provided for elk management (see pg. X). There are important differences 
between bison and elk biology and management that will be articulated. The bison population 
objective differs from the elk objective, with the former based primarily on maintaining genetic 
heterozygosity while minimizing conflict (USFWS and USNPS 2007a). Bison winter feeding is 
conducted primarily to eliminate conflict with elk on feedgrounds, which is fundamentally 
different than the objective for feeding elk to sustain the JEH through winter with minimal 
mortality. Winter feeding of bison precludes other conflicts that would occur if bison were 
more broadly distributed within Jackson Hole, e.g., bison in the town of Jackson and the 
associated public safety conflict. As winter feeding is reduced, or eliminated, efforts will be 
made to manage potential increased conflict, but public acceptance of increased conflict will be 
necessary. There are important biological differences between bison and elk that will be 
highlighted. For example, during 2007–2013 the JBH had greater than twice the ratio of calves 
to females in winter compared to elk of the JEH (0.47 [SD = 0.05] for bison and 0.22 [SD = 0.03] 
for elk; WGFD, unpubl. data). During the six-year period taken to complete the BEMP the bison 
population grew exponentially, increasing from 627 animals in 2002 to 1059 in 2007 (Fig. 5; 
WGFD, unpubl. data). Management challenges can also differ between bison and elk. Bison 
female-calf groups spend much of the year in GTNP, where no harvest is permitted, and move 
to the Refuge as winter conditions reduce forage availability in GTNP. Female-calf groups 
largely do not use BTNF lands adjacent to the NER or GTNP, which constrains population 
management using hunter harvest to a relatively limited area on the NER. This can lead to 
dense concentrations of animals and hunters on the NER, which can result in hunter conflict.  
 
Increased EO to state agencies, e.g. the Department of Agriculture and state veterinarian, will 
be included as part of this action. The range of bison will likely expand as feeding is 
reduced/eliminated, potentially leading to more conflict on private agricultural and developed 
lands. 
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Monitoring— Draft once strategies are finalized. 
 
Enforcement— Draft once strategies are finalized. 
 
Constraints 
Constraints unique to bison management were largely related to disease transmission concerns 
and related policy (Table 7). For example, it is not currently possible to move bison out of the 
county, nor are bison currently allowed in the Gros Ventre near WGFD feedgrounds. Several 
identified alternative actions, fertility control and test and slaughter, were considered and 
rejected in the 2007 Environmental Impact Assessment (EIS) for the Bison and Elk Management 
Plan. The 2007 EIS similarly limits tribal harvest of bison. Moreover, there is uncertainty if an 
effective bison fertility control exists, which is a technological constraint. What constraints 
from the NER wintering elk constraints table should be carried over to the bison constraints 
table? 
 
Table 7. Management constraints identified for the bison population objective. 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Cumbersome hunt regulations 
Hunter access (especially from north of the NER) 
Easement limitation (NER boundary) 
Current restriction on moving bison out of county 

Social constraints 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Vendor numbers (are there enough for bison removals?) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts (fire) 
Fencing/wildlife conflicts 
Grizzly bear conflicts (potential) 

Funding constraints 
Easements 
Fencing 
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Fertility control 
Technological constraints 

Fertility control 
 
Note/reminder from initial fall meeting Nov. 2012: “Three-pronged approach” 1) how to use 
hunters to reduce #s, 2) how to get more on native, 3) explicit metric for winter mortality that is 
acceptable.  
 
Include a paragraph or two that describes 1) how phases are related to each other, 2) when we 
will claim we’ve been successful in Phase I, 3) how Phase II will be implemented (i.e., stepwise 
or all at once after success with Phase I, 4) whether meeting bison and elk objectives 
simultaneously will be necessary to begin implementing Phase II.  
 
Disease management – current plan doesn’t address CWD explicitly except to state that NER 
will work within WGFD’s plan (should be out 2015). Need to write justification for increased 
emphasis on managing CWD threat. This is in conflict with brucellosis objectives that state 
feeding will be used to minimize co-mingling. Use easements for the latter and to balance CWD 
management.  
 
Does the current distribution of collared animals represent animals on native range? The 
latter are under-represented in the sample. Assuming main influence on aspen is from elk on 
winter feedgrounds. 
 
Need to provide justification for just including aspen – explain aspen as an umbrella for other 
habitats. Aspen regeneration more responsive to management actions; highly-preferred by 
elk. 
 
Bison impact on wet meadow; will we keep reducing elk due to bison? Need to consider 
monitoring bison. Can we go lower than 500 or is it firmly set? 
 
Changes that have occurred since completion of BEMP – Winter distribution of elk has 
changed, calf ratios have declined excluding short-distance migrant segment, wolf presence 
may have exacerbated this, bison numbers, fires in Gros Ventre, habitat management to hold 
elk in GTNP. All agencies agreed the plan was doable but the distributional shifts challenge 
that currently – S.Cain…graph of proportional distribution of elk on feedgrounds (has 
increased as animals on native range have declined). Write this up and share with the group 
for edits. 
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Do we provide a set date of adjusting feeding criteria to build collaboration with publics who 
will be influenced by the change (public outreach)? The adaptive part is figuring out what 
number of elk the refuge can support, less so how to reduce numbers on winter feed. Will 
likely push off winter feeding regardless in an effort to maximize bison harvest (i.e., late 
January season). 
 
Include a summary of the actions in this plan that tier off of the BEMP vs. those that would 
trigger NEPA. This would include defining strategies succinctly and the threshold that would 
trigger NEPA. In this way we can move forward with actions that step down from the BEMP 
and have a trigger for initiating NEPA if, and only if, necessary.   

1) Removed ‘Grand Teton NP harvest’ from the bison alternatives table because it was not 
in the BEMP and would therefore trigger NEPA and an act of Congress would be 
necessary (for a hunt, not a cull). A bison cull in GTNP would still trigger NEPA. Included 
agency cull (see below).  

2) Test and slaughter for bison was reviewed and rejected in the BEMP – many reasons to 
not do it.  

3) An agency bison cull would trigger NEPA 
4) Herd-wide fertility control in bison would similarly trigger NEPA 
5) Elk fertility control in GTNP south? This is currently an action in an elk strategy that 

would trigger NEPA, yet we haven’t excluded it from the main plan, simply stated it 
would need NEPA. 

 
Wolf management to facilitate elk winter use of native range. 
 
We need to make sure the co-mingling mitigation tools are articulated and implementable; 
this can be started as soon as possible so that when we start adjusting feeding to change elk 
distribution we are a bit ahead of the game.  
      
 
 
Models 
Limiting Factors – DELETE THIS SECTION, OR EXPAND IN THE MODELING SECTION? 
Limiting factors are demographic components that limit population growth of a species. 
Identifying limiting factors, perceived and documented, help us better define existing 
uncertainty regarding drivers of elk and bison population and potential management actions, 
and monitoring to link the two together. In the current situation where management aims to 
reduce or limit a population to a specified objective, our understanding of limiting factors can 
be capitalized on to regulate population. For example, elk population growth is highly sensitive 



32 
 

to adult female survival (Nelson and Peek 1982, Raithel et al. 2007), and therefore increased 
hunter harvest on adult females is a common approach to reduce elk populations. In this 
scenario, increased hunter harvest of adult females is the management action that could be 
employed to reduce a population to objective. This assumes population abundance is the issue 
to be addressed. Conversely, if population distribution is the primary issue to be addressed 
management actions to alter animal distribution would be employed.  
 
Winter distribution of elk and bison on and near the NER is influenced by winter feeding. The 
present feeding program is conservative in implementation of feeding to minimize elk 1) winter 
mortality of the most susceptible group, calves, and 2) comingling issues with cattle on adjacent 
private lands. Therefore, current feeding programs are minimizing a potential limiting factor – 
winter mortality. Moreover, winter feeding alters the distribution of elk and bison, which can 
result in localized concentrations of animals above stated objectives.   
 
If the fundamental objective is to minimize the number of animals on feed we need to 
conceptualize the relationship between elk density and winter feeding. To do this I thought it 
would be easiest to define the proportion of Kcal in elk diets from feed as a function of elk 
density while accounting for standing forage. I created a figure to represent this; no feeding 
occurs at low densities of elk (<1 animal per 300 lbs available forage), then asymptotically 
approaches all Kcals coming from feed as density increases. We can change the threshold of 
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when feeding starts as necessary.

 
While this simple model helps us think through winter feeding and elk numbers, it ignores elk 
survival as a function of available forage. I don’t think we can ignore that, especially calf 
survival? It seems to me that what we are trying to do is 1) encourage elk to distribute 
themselves more broadly by being less conservative with winter feeding (i.e., change the 
shape of the figure above) and conducting late-season hunts, while 2) staying within an 
acceptable range of winter mortality, especially calf mortality. I’ve been thinking about this in 
this manner since Tim’s comments on winter survival at the last meeting. I understand that 
we’re working toward achieving desired conditions, but I imagine we’ll quickly lose public 
support if they see a pile of dead calves. And I don’t think they’ll view sparing aspen from elk 
browse is worth that.  
 
Here’s a figure of the hypothesized relationship between calf survival and available forage.  
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We could use existing information to estimate the two relationships represented in the 
figures, which would provide us with a set of models to predict winter calf mortality as a 
function of available forage, and then see where we can get with less conservative winter 
feeding. This would allow us to articulate to the public that we’re trying to not go above 
some level of calf mortality while reducing the number of elk on the refuge by being less 
conservative with feeding. If we can’t successfully reduce the number of elk on feed without 
going beyond the calf mortality rate deemed acceptable then we’ll know we need to 1) get 
support for possibly allowing higher calf mortality, 2) use some other identified action to 
distribute elk during winter, or 3) reduce the overall objective/number of elk.   
 
We could concurrently monitor aspen condition so that as we alter distribution of animals on 
the refuge we learn how that influences the likelihood of aspen growing through the browse 
zone. This would allow us to relatively seamlessly transition into phase 2 of the plan.  At that 
point the question becomes ‘can aspen reached desired condition when we maximize the 
number of elk on standing forage at the current population level (density).  
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Adaptive management uses models of the managed system to link the objective response (e.g., 
desired habitat condition) to changes in the system resulting from management actions (e.g., 
altered elk distribution).  
 
We need to have a spatially-explicit model (set of models) that links desired conditions to elk 
and bison abundance and distribution. If we divide the refuge into 16 ha (40 acre) blocks we 
can then build a model to predict desired condition in that block during a period of time in 
response to elk and bison use. The latter is similar to EFD and BFD in needing to combine 
abundance and time animals are in a block. From a management perspective this is most 
influenced by feeding and harvest. Desired habitat condition is a function of animal use 
 

𝐸𝐸𝐷𝐷𝑡𝑡(𝑝𝑝) = 𝑓𝑓(𝑈𝑈𝑡𝑡(𝑝𝑝)), 
   
where 𝐸𝐸𝐷𝐷𝑡𝑡(𝑝𝑝) is the desired condition in block i during time t and 𝑈𝑈𝑡𝑡(𝑝𝑝) is the combined use of 
block i during time t by elk and bison. Takes a special case of circumstances to have escapement 
occur. (this can be separated so each species has its own term and they are additive – not 
sure how that would look, but seems easily doable). Use is the product of animal abundance in 
block i in time t, 𝑛𝑛𝑡𝑡(𝑝𝑝), and days present, 𝑑𝑑𝑡𝑡(𝑝𝑝) (may be more realistic to have larger time frame, 
e.g. weeks, that is realistic from a monitoring perspective), such that  
 

𝑈𝑈𝑡𝑡(𝑝𝑝) = 𝑛𝑛𝑡𝑡(𝑝𝑝)𝑑𝑑𝑡𝑡(𝑝𝑝). 
 

Animal abundance, n, in turn, is a function of the proportion of animals (𝑝𝑝𝑡𝑡(𝑝𝑝)) present in block i 
at time t 
 
 

𝑛𝑛𝑡𝑡(𝑝𝑝) = 𝑝𝑝𝑡𝑡(𝑝𝑝)𝑁𝑁𝑡𝑡, 
 
where 𝑁𝑁𝑡𝑡 is the total population during time t. Lastly, 𝑝𝑝𝑡𝑡(𝑝𝑝) can be described as a function of 
hunting, winter feeding, and other block attributes (this latter group should be included at a 
general level and is something we need to discuss; most of our interest lies in the response of 
animals to hunting and feeding).  
 
We assumed a negative linear effect of winter feeding on animal use of a block, i.e., use 
increases linearly with decreasing distance from a feedground. The influence of hunting on 
animal use in a block was assumed to have a pseudo-threshold functional form. This accounts 
for the discrete boundaries between open- and closed-hunt units such that the effect of 
hunting on animal use declines rapidly with distance from open-hunt units and approaches an 
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asymptote. What are the attributes of each cell that predict use – distance to feed grounds, 
hunt management, aspect, slope, distance to road, fencing. This is a significant component we 
need to figure out. I can try to provide some examples to help with the conversation. The 
other big component to work through is what exactly DC is – I’m still partial to working this 
this using aspen as an example. ‘Heavy lifting is defining DC and quantifying it’ (Kerry). We 
may find that to be about as much as can be handled with current resources. If that is true, 
we’ll have to think through how we can justify just one (or maybe 2-3) of the desired 
conditions for monitoring. If cottonwoods are less preferred than aspen we can probably 
easily get away from intense monitoring of cottonwoods by assuming they are likely doing 
well if aspen are. Different story for willows, but maybe it will take fence to get willows back 
at nearly any level of elk/bison at this point.   
 
Monitoring 
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APPENDIX I 
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Figure 1.A1. Schematic representation of Bison and Elk Management Plan vision, goals, objective categories, objectives, measureable attributes and performance criteria. Bolded boxes and arrows represent the objective 
outlining the phased approach to population management by adaptively managing elk and bison populations for desired conditions. Stippled boxes represent measureable attributes and performance criteria for desired 
conditions defined in the National Elk Refuge Comprehensive Conservation Plan. Grayed-out boxes represent objectives, measurable attributes, and performance criteria wholly (e.g., public education) or largely (e.g., 
invasive species management) independent of desired conditions related to elk and bison population objectives, and therefore not considered in this plan. 
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Irrigation 

Invasive 
Species 

Sage and 
Grass 

Cultivated 
Areas 

Willow Aspen Cottonwood Wet 
Meadow 

Structured 
Framework
  

Phased 
AM 

GTNP Elk 
Sex Ratios 

Bison 
Popn 

Public 
Education 

WGFD 
Herd Objs. 

JEH Bison Livestock 
Trans. 

Elk & Bison 
Trans. 

Human 
Risk Ed. 

Acres lbs. per 
Acre 

lbs. per 
Acre 

Acres 
Restored 

 Acres Class 
Acres 

Stem 
Den. 

Class 
Acres 

Stem 
Den. 

Class 
Acres 

 Criteria/ 
Actions 

Desired 
Cond. 

 Sex ratio Popn #  Popn # Popn #    

Measureable Attributes 

5000 lbs/ac 
400 ac 

2500 lbs/ac 
700 ac 

2500 lbs/ac 
500 ac 

≤ Weed 
Threshold 

 ≤ 2400 
Acres 

≥800 
stems/ac 

>80 in 

800 ac 
Class I/II 

1000 ac 
Class I/II 

≥0.17 
stems/m 

>80 in 

 

Performance Criteria 

5000 Elk 
500 Bison; 

Desired  
Habitat 

Conditions  

35 Bulls: 
100 Cows 

500  11000    

‘Manage bison and elk in a manner that contributes to the state’s herd objectives 
yet allows for the biotic integrity and environmental health of the resources to be 

sustained (BEMP Desired Conditions). 
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Adaptive Management of Winter 
Feeding at the National Elk 

Refuge



Today’s Agenda

• Review current direction
– Redefining interpretation of ‘desired conditions’

• Presumptive selection of NER-focused strategy
– Three primary tools to achieve objective

• Harvest
• Winter feeding
• Hunt timing

• Strategy to finish draft plan



Where are we?
• Initial focus on Phase I

– 5000 elk on winter feed at NER
– 500 bison
– Completed strategies and actions to achieve Phase I

• ‘Re-focused’ on including Phase II (spring 2014)
– ‘Adaptively manage bison and elk…to achieve desired 

conditions.’
– Defined ‘desired conditions’ using BEMP objectives, 

primarily habitat, JEH population objectives, and 
disease management



Where are we?

Initial thought was Phase 
2 would incorporate three 

remaining BEMP 
objectives (Appendix I)



Where are we?
• November meeting – post-hiatus

– Record of Decision interpretation
• 6 considerations for adaptive management
1) Forage production
2) Desired herd size and ratios
3) Mitigation of co-mingling
4) Winter distribution patterns 
5) Disease prevalence
6) Public support

– Steve C. – simplify, do habitat conditions need to 
be considered now?

– Tim – elk survival



Where are we going?

• ROD interpretation and simplification
• Adaptively managing populations is only

mentioned in the Sustainable Populations goal
• ROD describes adaptive management only in 

context to six criteria and does not mention 
habitat triggers
‘Develop…adaptive management actions…for 
progressively transitioning from intensive supplemental 
winter feeding to greater reliance on free-standing 
forage, based on [six] considerations’



What does it look like?
Sustainable 
Populations

Minimize ‘number 
of animals on 

feed’

1) Forage 
production

2) Desired herd 
size

3) Mingling 
mitigation

4) Winter 
distribution

5) Disease 
prevalence

6) Public support

Goal

Objective

Criteria

500 bison
5000 elk

500 bison
5000? elk

Phase 1

Phase 2



What does it look like?

• Sustainable populations objective & strategies
– ‘Animals relying predominantly on available native 

habitat and cultivated forage’
– ‘Complete transition to free-standing forage’

• Need to more precisely define these statements 
to identify success
– Minimize ‘elk fed days on the NER while achieving the 

state’s population objectives’

‘Greater reliance 
on free-standing 

forage’
Objective



Decision Network
Contribute to elk and bison populations that are 

healthy and…at reduced risk from the adverse effect 
of non-endemic diseases

Minimize number of 
animals on feed at NER

Support WGFD JEH population 
objective and goals

Minimize 
comingling

Public 
support

Maximize 
forage 

availability

Minimize 
disease 
threat

Bull:cow
ratio

Easements, 
fencing, 

and hazing

Irrigation,
habitat 

restoration

Minimize 
feedline

concentrations
Harvest 

management

Feed 
mngmnt, 

Hunt timing



Disease prevalence

• Brucellosis 
– Mingling mitigation actions defined
– Winter feeding actions identified to minimize 

intra-specific transmission
– No distribution actions identified otherwise

• Chronic wasting disease
– Current plan moving toward minimizing wintering 

elk density

• Minimize density for this criteria?



Public support

• Public has low tolerance for winter mortality 
of elk on NER

• If actions lead to significant increase in elk 
winter mortality would public outcry end this 
plan’s efforts?

• Primary source of uncertainty we currently 
haven’t addressed?



Public support

• Assuming reduced winter feeding at NER is an 
action undertaken to achieve ‘greater reliance 
on free-standing forage’

• Can we provide a simple relationship between 
winter feeding and elk survival to 
communicate the uncertainty to the public 
and demonstrate efforts to minimize elk 
mortality as winter feeding is reduced?



Hypothesized elk feeding 
relationship



Hypothesized elk winter mortality and 
forage availability relationship (calf)



NER-based Strategy

• ‘Selected’ NER-based strategy to work through 
the thought process of how to move forward
– No formal analysis of consequences for three 

strategies
– How does the group want to proceed with 

strategy selection 



Strategy to finalize draft plan

• Refuge staff blocking out time for working on 
plan as a group to finish draft

• Provide rough draft based on current direction 
prior to next meeting for discussion



Framing the Decisions – Draft 
Problem Statement

The adaptive management plan identifies actions (include 
reference to BEMP) for progressively transitioning from winter 
feeding of elk and bison on the NER to greater reliance on free-

standing forage while maintaining population and herd ratio 
objectives. The primary actions available to achieve BEMP 

objectives include the 1) timing of winter feeding, 2) timing of 
hunting, and 3) harvest levels that can be implemented 
annually to encourage greater use of native range and 

cultivated free-standing forage. Management actions will 
incorporate those that simultaneously minimizing disease 

prevalence, maintain public support and minimizing comingling 
of elk and bison with cattle on private land.



Decision-making process
• Three primary decisions to be made 

– Harvest
– Winter feeding
– Hunt timing

• What information informs decisions?
– JEH population size
– Available forage per capita

• Three key uncertainties(?) 
– Elk and bison distribution
– Mortality

• Disease?
– Supportable herd size

• Disease?
• Mortality?

• Influence diagrams – graphical representation of decision
– Decision (rectangle)
– Uncertain events (oval)
– Outcome (diamond)



Influence diagram – representation 
of the decision 

Harvest The decision

Future 
population size

Current 
population size Uncertain events

Conservation 
value

Consequences 
(outcome, utility)



Winter feeding The decision

Elk fed days & 
Bison fed days

Current N

Uncertain events

Conservation 
value

Consequences 
(outcome, utility)

Winter 
conditions

Comingling



From: Steve Kallin
To: Steve Cain
Subject: FW: Draft plan and presentation
Date: Thursday, February 12, 2015 11:47:46 AM
Attachments: NER_draft_AMP_11_February_2015.docx

NER_AMP_mtng_2_11_2015_presentation_Warren.pptx

Steve:
 
In an effort to really confuse you, I am sending you the latest version of the Draft AMP.  The copy I
made for you at our office and previously sent via email is not the latest version.  I wasn’t aware that
Jeff had sent me that version this morning at 8:24 AM.  Not sure how significant the differences are
between the two versions.  Let me know if you would like a printed copy of this latest version.  We
could mail it or just hold it at our front desk for the next time you are in the area.
 
Take care,    
 
Steve Kallin
Project Leader
National Elk Refuge
PO Box 510
675 East Broadway
Jackson, WY 83001
Phone: (307) 201-5409
Fax: (307) 733-9729
steve_kallin@fws.gov
 

From: Jeffrey Warren [mailto:jeffrey_warren@fws.gov] 
Sent: Thursday, February 12, 2015 10:25 AM
To: Steve Kallin
Subject: Draft plan and presentation
 
 
 
Jeff Warren
406 276-3536 ext. 106
 
 
“I believe that a scientist looking at nonscientific problems is just as dumb as the next guy.”  Richard
Feynman
 
“A great many people think they are thinking when they are merely rearranging their prejudices.”
William James
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Introduction 1 
 2 
Uncertainty regarding how to reach objectives for elk and bison populations, desired habitat 3 
conditions, and disease management in Jackson Hole remains after many years of study and 4 
debate. Determining an effective set of management actions to meet multiple and potentially 5 
conflicting objectives is needed. In an effort to address this, an adaptive management (AM) 6 
approach is being undertaken (Walters 1986). There are four essential elements to an adaptive 7 
management approach: 1) well defined and mutually agreed upon objectives, 2) clearly 8 
articulated management actions and strategies, 3) a model, or competing models, describing 9 
the dynamics of the system being managed, and 4) a monitoring program to quantify system 10 
response to management and allow estimation of the difference between the observed and 11 
predicted (from the model or models) system response. A fifth component, optimal decision 12 
making, is also included in some AM efforts. The AM approach is ‘adaptive’ because learning 13 
through management experiments (management actions implemented to change the state of 14 
the system) occurs. In single-model AM projects the learning results in better estimates of the 15 
effects included in the model, i.e., there is less uncertainty about how the system will respond 16 
to management actions. In multiple-model AM projects learning occurs through the 17 
competition of models in the model set. Each model provides a representation of a competing 18 
idea (hypothesis) about how the system works. The model that best predicts system response 19 
to management provides support that the hypothesis it represents is a better description of the 20 
system than the other hypotheses, reducing uncertainty about the system being managed.    21 
 22 
Uncertainty abounds in wildlife conservation and management.  For example, how survival and 23 
distribution of bison and elk will respond to different management actions is only modestly 24 
predictable. Similarly, what number of elk and bison the area can support based on desired 25 
conditions is largely unknown, and likely varies in response to environmental variation (e.g., 26 
weather, habitat heterogeneity). These types of uncertainty are often referred to as process 27 
error, i.e., imperfect knowledge of the biological system being managed. A second type of 28 
uncertainty is related to our inability to conduct a complete census of a population, i.e., partial 29 
observability (Williams 1997). This is sampling variation associated with wildlife monitoring, 30 
also commonly referred to as observation error (Hilborn and Mangel 1997). Process and 31 
observational error create uncertainty that limits a manager’s ability to make informed 32 
management decisions.  33 
 34 
The Bison and Elk AM plan will embrace existing uncertainty regarding drivers of bison and elk 35 
wintering abundance and distribution, and survival, in the Jackson Hole area and on the 36 
National Elk Refuge (NER), provide further understanding of important limiting factors, and help 37 
guide management actions toward those that will have the most direct benefit to achieving 38 
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stated goals and objectives. The Bison and Elk Management Plan (BEMP; USFWS and USNPS 1 
2007a) provides goals, objectives, and strategies related to bison and elk population in the 2 
Jackson Hole area and within the NER. The AM plan is an extension of the BEMP, providing an 3 
adaptive management framework to achieve the goals and objectives of the BEMP. Therefore, 4 
the AM plan is considered a step-down plan to the BEMP and utilizes the goals and objectives 5 
within the BEMP. Strategies from the BEMP were incorporated into additional strategies 6 
considered during the development of the AM plan. The AM plan and associated efforts is an 7 
opportunity to collectively learn from ongoing work to manage elk and bison in the Jackson 8 
Hole area. 9 
 10 
The BEMP contains four goals (Fig. 1) and 20 associated objectives (Appendix I). Completion of 11 
an AM plan to manage bison and elk populations is specific to the Sustainable Populations 12 
BEMP goal (Fig. 2). The Sustainable Populations BEMP goal outlines ‘a phased approach to 13 
reducing the number of animals on [supplementary winter] feed’ while achieving 1) Wyoming 14 
Game and Fish Department (WGFD) population objectives for the Jackson Elk Herd (JEH) and 2) 15 
an elk sex ratio in Grand Teton National Park (GTNP) of 35 bulls for every 100 cows. The first 16 
phase sets initial population objectives at 5000 elk on winter feed. The second phase calls for 17 
elk populations that are adaptively managed to “achieve desired conditions, with animals 18 
relying predominantly on native habitat and cultivated forage”. The bison population objective 19 
of 500 animals post-hunting season was determined based largely on maintaining genetic 20 
heterozygosity while minimizing other conflicts (USFWS and USNPS 2007a). Unlike the second 21 
phase elk objective, the bison objective is independent of additional criteria defined as desired 22 
conditions.  23 
 24 
Desired conditions on the NER relate to six criteria to be considered as triggers for management 25 
actions for ‘progressively transitioning from intensive supplemental winter feeding to greater 26 
reliance on free-standing forage’. These considerations are: 1) Level of forage production and 27 
availability on the National Elk Refuge, 2) Desired herd size and ratios, 3) Effective mitigation of 28 
bison-elk-cattle mingling on private lands, 4) Winter distribution patterns of elk and bison, 5) 29 
Prevalence of brucellosis, chronic wasting disease, and other wildlife diseases, and 6) Public 30 
support. For example, forage production desired conditions are articulated in the Habitat 31 
Conservation objective of the BEMP; the current trigger for starting supplemental winter 32 
feeding is based on available forage (see below). Desired herd sizes and ratios are similarly 33 
defined in the BEMP (e.g. Phase 1 NER wintering elk objective of 5000, see above), however a 34 
significant component of the adaptive management plan is determining the number of 35 
wintering elk the NER can support while achieving the other desired conditions.  36 
 37 
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Accomplishing the objectives identified within the BEMP using management actions available to 1 
the NER, WGFD, GTNP, and Bridger-Teton National Forest (BTNF) is the intent of this plan. The 2 
working group created a problem statement to articulate the connection among the decision 3 
framework, objectives, actions, and predicted outcomes:   4 

 5 
The adaptive management plan identifies actions (include reference to BEMP) for 6 
progressively transitioning from winter feeding of elk and bison on the NER to greater 7 
reliance on free-standing forage while maintaining population and herd ratio objectives. The 8 
primary actions available to achieve BEMP objectives include the 1) timing of winter feeding, 9 
2) timing of hunting, and 3) harvest levels that can be implemented annually to encourage 10 
greater use of native range and cultivated free-standing forage. Management actions will 11 
incorporate those that simultaneously minimizing disease prevalence, maintain public 12 
support and minimizing comingling of elk and bison with cattle on private land.  13 
 14 
The Phase I objective of 5000 elk appears to have originated from Hobbs et al. (2003). This 15 
report, based on three simulation exercises, concluded that “in average SWE [snow-water 16 
equivalent] winters with average pre-winter precipitation and 500 bison, roughly 16,000 elk can 17 
find forage on the Greater Teton Ecosystem without incurring forage deficits and roughly 5,000 18 
elk can find forage on the NER without incurring deficits.” Hobbs et al. (2003) do not explicitly 19 
define winter in the report, but appendix B of the report describes the ‘entire winter’ as 20 
‘roughly November 1st to July 1st’. Presumably the numbers given in the report represent the 21 
number present throughout the winter period, although this is not explicitly stated. It is 22 
important to note that elk use stored energy reserves during winter, so incurring a forage 23 
deficit does not imply an immediate threat (Hobbs 1989, Cook 2002).  24 
 25 
The number of elk on winter feed on the NER and bison in the Jackson Bison Herd (JBH) 26 
currently exceeds the Phase 1 objective from the existing BEMP (Fig. 1) (USFWS and USNPS 27 
2007a). The JEH, which includes elk wintering on the NER, is within WGFD objective, while the 28 
JBH population is above objective. Therefore the primary issues for reaching Phase 1 population 29 
objectives are related to 1) distribution of elk during winter, and 2) abundance of bison.   30 
 31 
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 1 
Figure 1. Hierarchical relationship among the vision, fundamental objectives and Phase 1 2 
objective for elk and bison in the Bison and Elk Management Plan (USFWS and USNPS 2007a). 3 
The Phase 2 wintering elk population objective the National Elk Refuge (NER) is ‘to adaptively 4 
manage …elk populations with animals relying predominantly on native habitat and 5 
cultivated forage’. The NER winter elk population objective is a sub-objective of the Jackson 6 
elk herd (JEH). 7 
 8 
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 1 
Figure 2. Hierarchical relationship among the Sustainable Populations goal, the objective for a 2 
phased approach to reducing the number of animals on feed, and the six considerations for 3 
the adaptive management plan vision, as defined in the Bison and Elk Management Plan 4 
(USFWS and USNPS 2007a). Phase 1 and Phase 2 population objectives for elk on the National 5 
Elk Refuge and bison in the Jackson Hole area are shown in relation to the desired herd size 6 
consideration. 7 
 8 
Population of Interest 9 
A succinct and precise definition of the populations of interest is essential for developing 10 
models of system dynamics and appropriate monitoring, and determining if objectives are 11 
being met. Bison and elk populations of interest differ slightly in definition as stated in the 12 
BEMP objectives. The bison objective is for the post-hunt population within the Jackson Hole 13 
area (the Jackson Bison Herd [JBH]), inclusive of the NER. Conversely, the elk population 14 
objective for the NER is specific to the number of animals on feed at the refuge, and is a sub-15 
objective within the broader Jackson Elk Herd (JEH) (Fig. 2) post-hunt objective set by the 16 
Wyoming Game and Fish Commission (a governor-appointed policy-making board). Elk herd 17 
unit boundaries are determined by the WGFD and represent population boundaries where 18 
there is an estimated annual interchange with surrounding herds of <10% (Emmerich et al. 19 
2007).  Approximately 65% of the JEH winters on the NER based on February classification 20 
counts (see below for definition of classification counts; USFWS & WGFD unpubl. data). The 21 
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Jackson bison herd primarily winters on the NER (~90%), but range much further during the rest 1 
of the year (USFWS & WGFD unpubl. data). Geographic range of bison, figure, etc. It would be 2 
best to include a single figure that delineates the JEH and bison population. Eric has the 3 
shapefiles to update the figure. 4 
 5 
Determining if the BEMP population objectives are being met requires periodic estimates of the 6 
populations of interest. There are two components to the population objectives that need to be 7 
considered — where animals are and when they are there.  The BEMP bison population 8 
objective is the same for the JBH as it is for the NER, i.e., there is not a sub-objective specific to 9 
the Refuge as there is for elk. Moreover, the bison population objective is less temporally 10 
specific than that for elk, the former being an annual post-hunt population objective and the 11 
latter being defined based on the number of animals on feed. This aspect of the elk objective 12 
increases the difficulty in estimating the population of interest due to movements of animals 13 
into and out of feedgrounds during winter feeding. More importantly, the amount of time elk 14 
are on feed varies among years.   15 
 16 
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 1 
Figure 2. Jackson Elk Herd unit boundary, including the National Elk Refuge and Grand Teton 2 
and Yellowstone National Parks. INCLUDE BISON RANGE IN THIS FIGURE. 3 
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While not explicitly stated, the BEMP was written with an assumption that annual classification 1 
counts were to be used as the metric to determine if population objectives were being met, i.e., 2 
as a proxy for the number of elk on feed at the NER. Classification counts are a coordinated 3 
census of the JBH and JEH, collaboratively undertaken during early February by WGFD and the 4 
NER. These counts are undertaken during a single survey period and do not necessarily 5 
represent either peak or cumulative abundance (i.e., the greatest number of animals present 6 
on a single day during a winter, or the sum total of animals present throughout a winter, 7 
respectively) of bison or elk on feed. Elk and bison are enumerated by age and sex classes, 8 
providing population class structure information as well as overall abundance. Elk classes 9 
recorded during the classification count are calf, cow (includes yearlings), spike bull, and 10 
mature bull; bison classes are calf, yearling cow, yearling bull, adult cow, adult bull. A 5-10% 11 
difference typically exists between the classification count estimate and the daily number of elk 12 
on feed during peak abundance. Peak elk abundance on the NER during 2007–2013 occurred 13 
late February through the first week of March (USFWS unpublish. feedline data) (Fig. 3). 14 
Proposed changes to a less conservative feeding program that would result in a later initiation 15 
of winter feeding (see Development of Alternative Management Actions and Strategies 16 
below) could increase the difference between when the classification count is conducted and 17 
peak numbers of elk on feed. A less conservative feeding program could also result in initiation 18 
of feeding on the NER after the classification count has been completed in some years. Lastly, 19 
the classification count may be replaced in the near future by survey (i.e., not a census) 20 
methodology used elsewhere in the state by WGFD for estimating elk abundance. The new 21 
survey methodology may not provide suitable NER-specific estimates of elk abundance for 22 
determining if Refuge population objectives are being met.  23 
 24 
Beyond logistical or methodological considerations, a single elk population estimate in time 25 
would not adequately capture the dynamic nature of elk abundance in relation to winter 26 
feeding on the NER. For example, 5000 elk on winter feed (the current BEMP Phase 1 objective) 27 
for three months would likely have a greater impact on NER habitats than 5000 elk on feed for 28 
a single month. The BEMP Phase 1 elk population objective is not defined by time, leaving it 29 
open for interpretation whether the objective was intended as a mean number of animals fed 30 
during a winter, a maximum number fed, or a cumulative number fed. To address this issue 31 
while staying within the implied intent of the BEMP, we chose elk-fed days (EFD; the cumulative 32 
number of elk fed during a feeding season) as the metric for determining if the elk population 33 
objective is being met. This number combines both the spatial and temporal aspect of animals 34 
on the NER, providing better accounting of potential effects than a single classification count. It 35 
is also believed that this is more consistent with winter carrying-capacity projections estimated 36 
in Hobbs et al. (2003). The Phase I objective of 5000 elk on feed is defined relative to elk-fed 37 
days as  38 
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 1 
𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑑𝑑 ∗ 5000 elk, 2 

 3 
where d is the mean number of days of feeding from 1995–2007 (64 days [SD = 22]). This time 4 
span was selected to maintain consistency with the data used in developing the BEMP. The 5 
benchmark historical value is then 320,000 EFD. Bison-fed days (BFD) can similarly be calculated 6 
as 31,500 BFD for bison using d = 63 days (SD = 22) and the bison population objective of 500 7 
animals. This latter value provides an important historical perspective on winter feeding of 8 
bison and can assist in determining efficacy of management actions toward accomplishing the 9 
bison objective; post-hunt bison abundance will be the definitive number used for determining 10 
if the bison population objective is being met.   11 

 12 
Figure 3. Mean daily elk abundance on the National Elk Refuge during winter feeding, 2007–13 
2013. Data are from feedline counts for calendar dates where feeding occurred during all 14 
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years, i.e., February 12th (calendar date 43) through March 21st (calendar date 80). Counts 1 
were conducted from feeding equipment.   2 
 3 
Development of Alternative Management Actions and Strategies 4 
Alternative management actions were identified during a meeting of stakeholders at the NER 5 
22 May 2013. Alternative actions, and constraints, were developed for the NER winter elk 6 
population and the JBH. A series of further meetings (25 July, 20 August, 12 September, 23 7 
October, and 13 November 2013, and 22 January, 24 February, and 7 April 2014) were held to 8 
create management strategies, i.e., collections of actions that form complete and comparable 9 
alternatives (Gregory et al. 2012).  10 
 11 
Reference case—It is helpful to identify a reference alternative that captures the recent and 12 
ongoing management actions that have led to the current state of the system for comparing 13 
with new alternatives that are developed. Ongoing management actions include winter feeding, 14 
irrigation, harvest, and hazing.  15 
 16 
Big game population objectives in Wyoming are evaluated and updated at least every five 17 
years. Objectives represent the preferred number of animals during winter within a herd unit 18 
(e.g., the Jackson Elk Herd) and are determined based upon multiple factors, including 1) 19 
available habitat to support the defined population, 2) hunting access, and 3) tolerance for 20 
wildlife on private lands by landowners (Tassell et al. 1995). Public input on proposed 21 
population objectives is obtained during public hearings. After the hearings the proposed 22 
population objectives are sent to the Wyoming Game and Fish Commission for review and 23 
approval. The NER, GTNP, and Bridger-Teton National Forest (BTNF) have participated in WGFD 24 
big game population objective review and revision processes in the past for both the JEH and 25 
JBH. These federal agencies will continue to participate in objective setting for the JEH and JBH 26 
populations. 27 
 28 
The current JEH winter feeding program includes two groups of feedgrounds – one on, and 29 
managed by, the NER, and the second managed by WGFD. The latter are the Alkali, Fish Creek, 30 
and Patrol Cabin feedgrounds, collectively known as the Gros Ventre feedgrounds, located on 31 
BTNF lands. Initiation of feeding is currently conservative, i.e., has the primary objectives of 32 
minimizing elk 1) winter mortality of the most susceptible group, calves, and 2) comingling 33 
issues with cattle on adjacent private lands. Winter feeding begins when available forage 34 
reaches approximately 300 lbs acre-1 at key index sites. Available winter forage for elk and bison 35 
on the NER is largely determined by snow conditions, rate of forage consumption during fall 36 
and winter, and biomass of forage produced during the previous growing season.  37 
 38 
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Forage biomass (metric tons) is correlated with the amount of precipitation (mm) during May–1 
August (𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 50.31, R2 = 0.91; 1995 and 1998–2006, NER unpubl. data), and secondarily 2 

affected by the number of irrigated acres.  Refuge-wide herbaceous forage production 3 
averaged 14,387 (SD = 4125) tons during 1998–2013, and in recent years irrigation of 4 
approximately 3,600 acres has increased forage production by approximately 10% compared to 5 
what would have been produced with precipitation alone. Estimation of forage biomass is done 6 
annually based on sampling at index sites. Index sites are selected subjectively each year based 7 
on presence of vegetation highly palatable to elk such as naturally sub-irrigated wet meadows, 8 
irrigated areas with significant green vegetation, and in years with adequate late summer/early 9 
fall precipitation, native dry grassland plant communities with basal green up.  10 
 11 
During 1995–2013, mean initiation of winter feeding on the NER was 28 January, ranging from 12 
30 December to 28 February. Mean termination of winter feeding during this same period was 13 
3 April, ranging from 20 March to 20 April. Initiation and termination dates vary widely based 14 
on winter conditions. Excluding years in which feeding did not occur, mean initiation and 15 
termination dates for winter feeding during 1976–2013 at the Gros Ventre feedgrounds 16 
occurred during the second week of January and first week of April, respectively (Table 1). This 17 
resulted in approximately 3 months of feeding each year.  18 
 19 
Table 1. Winter feeding mean initiation and termination dates and total days for the Gros 20 
Ventre feedgrounds managed by Wyoming Game and Fish Department. Standard deviations 21 
are provided parenthetically. 22 

Feedground Initiation Date Termination Date Total Days 
Alkali 10 January (18.8) 7 April (13.5) 89 (23.5) 
Fish Creek 9 January (12.3) 4 April (17.1) 85 (21.0) 
Patrol Cabin 11 January (13.5) 4 April (11.6) 84 (19.0) 

 23 
Winter feeding coordination between the NER and WGFD occurs annually. Feeding in the Gros 24 
Ventre feedgrounds is targeted specifically to assist in keeping animals from moving to the NER; 25 
for example, animals are more likely to move to the NER if feeding is occurring there and not at 26 
the Gros Ventre feedgrounds, where the opposite up-slope migration is less likely. Termination 27 
of feeding at feedgrounds needs to be coordinated so animals moving to the NER after feeding 28 
ends on the Gros Ventre feedgrounds do not remain at the refuge. This coordination will 29 
continue regardless of the management strategy employed.  30 
 31 
Bison are fed as necessary to ensure elk are adequately fed. Bison out-compete elk for forage 32 
resources, so the typical strategy is to keep bison at the northernmost NER feedground 33 
(McBride) by feeding them prior to feeding elk. Bison are fed separately from elk and are given 34 
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a ration adequate to ensure they do not move to elk feeding areas. This also influences 1 
distribution of bison in the winter, reducing conflict associated with bison moving into 1) 2 
Jackson, and 2) the Nowlin unit of the NER where commercial sleigh rides occur.  3 
 4 
Total harvest of the JEH was reduced over the last decade as the population objective was 5 
reached (Fig. 4). Elk hunting on the NER (Hunt Area 77) typically begins in mid-October and 6 
ends in mid-December, with peak harvest in recent years occurring in late November to early 7 
December.  From 2005 to 2011 an average of 393 (SD = 56) hunters harvested 161 (SD = 38) elk 8 
per year during the NER hunt.  9 

 10 
Figure 4. Jackson elk herd estimated harvest, 2002–2011. 11 
 12 
Associated with harvest on the NER, “tag and drag” is a retrieval service currently provided by 13 
two licensed outfitters. They are also licensed to guide on the NER. This program will continue 14 
regardless of the management strategy employed.   15 
 16 
Hazing of elk is currently only undertaken in spring to encourage elk (and bison) to move off of 17 
the NER. Attempts at post-hunting/pre-feeding hazing of elk to the north part of the refuge 18 
occurred (e.g., 2005–2006), but were largely ineffective with elk generally returning the 19 
following day to the south end of the NER. These efforts included hazing using ATVs, on foot, 20 
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and on horseback. Reducing spring hazing to increase early-season harvest was considered as a 1 
potential action but not included due to 1) the perception that the loss of forage on the Refuge 2 
by resident elk during summer would offset gains due to increased harvest, 2) presence of 3 
wolves on the northern end of the Refuge may preclude the desired response of reduced 4 
hazing to keep elk on the north end of the Refuge, and 3) recently observed aspen recovery 5 
could be reduced if elk use increased on the north end of the Refuge.  6 
 7 
Fencing of hay stacks and livestock feedline areas has historically been used to mitigate conflict 8 
on private lands. Fencing as mitigation on private land will continue in a targeted fashion. For 9 
example, a proposed mitigation in the Horse Creek area would involve a land trade with a 10 
private landowner to move livestock winter feeding operations off of a south facing slope that 11 
is a movement corridor for elk. Fencing three sides of the private land would separate the 12 
corridor from the livestock feedline. Targeted fencing of golf course greens and sand traps fall 13 
through spring has been successful in some situations for mitigating elk and bison presence in 14 
these areas. It is important to note that the county has a ‘wildlife-friendly’ fence policy and 15 
does not support fencing impermeable to wildlife. 16 
 17 
The outcome of the reference case described above for elk abundance and distribution during 18 
winter in the JEH is shown in table 2. Population objectives for the two feedground complexes 19 
are provided, as are annual elk abundances as measured during the classification count. The 20 
data presented in table 2 demonstrate the potential for reaching the Phase 1 NER winter elk 21 
population objective of 5,000 while remaining within the JEH objective of 11,000 (±10%). 22 
 23 
Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 24 
classification counts, 2011–2013, relative to the current objective. 25 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range* 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 

*Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 26 
  27 
Bison numbers grew exponentially from the 1970s until recently, peaking at 1059 animals in 28 
2007 (Fig. 5). Recent declines in the number of bison are largely attributable to increased 29 
hunter harvest on the NER. Bison hunting begins on August 15 and ends in early to mid-January; 30 
no bison hunting is allowed in GTNP, resulting in bison often staying in the park during the 31 
hunting season with only occasional movements onto the NER until severe winter conditions 32 
occur. Given this situation, harvest management balances extending the hunt as late in January 33 
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as practicable without conflicting with winter feeding. The dynamic nature of winter conditions 1 
makes this unpredictable, and results in the use of emergency bison season extensions or 2 
reductions. For example, an emergency extension of the season (no later than 31 January) 3 
could occur if mild winter conditions precluded desired harvest levels earlier in the season. 4 
Conversely, an emergency closure may be necessary if winter weather conditions require 5 
feeding to commence before the predetermined season end date. 6 
 7 
Most bison harvest occurs on the NER, with some additional harvest on private and BTNF lands.  8 
Since the initiation of the bison hunt in 2007, mean harvest has been 210 (SD = 45.5) bison per 9 
year.  This level of harvest has been sufficient to arrest the exponential growth of the 10 
population, reducing bison numbers from the peak in 2007 to 855 animals in 2013 (Fig 5). 11 
Licensing changes for hunting Jackson Hole bison were enacted in 2014 to increase harvest, 12 
especially of bison females.  These included a reduction in the bison female/calf license fee 13 
(from $416 to $263 for residents and from $2522 to $1022 for non-residents) and eliminating 14 
the once-in-a-lifetime restriction on a successful bison hunter to only those that successfully 15 
harvested a bull. Tribal bison harvest is currently defined in the BEMP to permit up to five 16 
animals for ceremonial purposes; tribal harvest generally occurs outside of the state bison 17 
season. Translocation of bison to tribal lands outside of Teton County is not currently permitted 18 
due to brucellosis concerns.  19 
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 1 
 2 
Figure 5. Bison winter population in the Jackson Hole area, 1970–2013.  3 
 4 
Bison would likely occupy the Refuge year-round without management intervention, but as a 5 
result of hazing by refuge staff and disturbance by hunters, peak bison activity on the NER 6 
occurs January–April each year.  If bison fail to leave the NER following the cessation of 7 
supplemental feeding they are typically hazed off the Refuge using all-terrain vehicles (ATVs) in 8 
late April to early May.  Hazing moves bison to GTNP, where they generally remain until mid-9 
July. From July to early August bison that return to the NER are hazed back to GTNP to protect 10 
forage for elk during the winter months. Hazing efforts in August cease within several days to 11 
weeks of the bison season in an effort to increase hunter harvest.  12 
 13 
National Elk Refuge 14 
Alternative management actions identified for meeting the NER winter elk population objective 15 
can be grouped into four categories, including 1) winter feeding management (both on and off 16 
the NER), 2) population management (harvest, culling, and fertility control), 3) habitat 17 
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improvements (on and adjacent to the NER), and 4) mitigating private lands conflicts 1 
(leases/easements, incentives, fencing) (Table 3). The latter represent sequenced alternatives 2 
that would be necessary to implement due to wintering elk dispersing onto private lands 3 
adjacent to the NER in response to other management actions taken. A fifth group of 4 
alternatives associated with increasing public awareness (including local elected officials, e.g., 5 
county commissioners) of ‘natural’ levels of elk winter mortality were included after the 6 
meeting. These actions represent acknowledgement that the current feeding program results in 7 
reduced winter mortality, perhaps exacerbating already low public tolerance to increased 8 
winter mortality, whether episodic or perennial in nature. This group was expanded to include 9 
more targeted education and outreach efforts for landowners, sportsmen and agencies, and 10 
the WGFD Commission, depending on the strategy.  Lastly, a group for each of monitoring and 11 
enforcement were included to allow proper accounting of projected costs associated with each 12 
management action strategy.   13 
 14 
Table 3. National Elk Refuge winter elk population strategy table for identifying alternative 15 
management action strategies. Ongoing management actions that will be continued 16 
regardless of strategy selected are not included in the table; descriptions can be found in the 17 
‘Reference case’ description within the text. 18 

  

Reference 
Case 

NER-
focused 

Southern herd 
segment 
mngmnt 

Late 
Season 
Harvest 

Winter feeding management  
   No change X 
 

X X 
Less conservative (NER)  X 

  Population management  
   No change X 
   Increase harvest objectives in Hunt 

Areas 77 & 78  
 

X 
 Late-season refuge hunt (Hunt Area 

77)  X X X 
Coordinated late-season hunt (Hunt 
Areas 75, 77, 78, 80)    X 
Extend open period on Forest 
Service  

  
X 

Fertility control (Hunt Area 78 & 
GTNP South)  

 
X 

 Hunt Area 78 Hunter management 
program   X  
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Habitat improvements  
   No change X 
   Fire management on NER and 

adjacent public land  X X X 
Private lands mitigation  

   No change X 
   Incentivize steer operations  X 

  Non-traditional landuse mitigation   X  
Public education/outreach (EO)  

   No change X 
   Increase public EO (including local 

elected officials)  X X X 
Increase landowner EO  X X 

 Increase sportsmen & agency EO   X  
Increase WGFD Commission EO  X X X 

Monitoring X 
   No change  X X 

 Increase  
   Enforcement  
   No change X 
   Minor increase  X X  

Major Increase  
  

X 
 1 
Winter feeding management—Management of winter feeding is a primary driver of elk 2 
distribution, and to a lesser extent abundance, in the Jackson Hole area. Feeding on the NER is 3 
initiated each year based on a series of factors, including the amount of forage on the NER, 4 
number of elk present, and snow conditions. Initiation of feeding is currently conservative (see 5 
Reference case, pg 5). A less conservative approach would result in later initiation of feeding, 6 
therefore potentially increasing winter calf mortality and comingling. Including agronomic 7 
grassland plant communities without significant green vegetation and/or reducing the available 8 
forage threshold would result in a less conservative winter feeding program. Per capita ration 9 
levels would not change from the current level.   10 
 11 
Implementing a less conservative feeding program could result in very limited, or no, feeding 12 
given certain winter conditions. However, the criteria for a less conservative feeding program 13 
would not be such that it could be construed as ‘emergency feeding’, i.e., feeding only to 14 
preclude a catastrophic mortality event. Colorado, Idaho, and Utah provide examples of states 15 
that have emergency feeding policies. Existing evidence suggests that emergency feeding is not 16 
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very effective (see review in Putman and Staines 2004). Moreover, the current feeding regime 1 
has been developed for non-emergency situations; a review of current rations and pellet 2 
composition would be necessary to adjust the program for emergency feeding.  3 
 4 
Population management—Hunter harvest is the primary tool employed for population 5 
management of elk and bison in Wyoming. Increased harvest objectives on/near the NER would 6 
target the southern segment (Hunt Areas 77 & 78), which is currently more productive (i.e., 7 
higher cow-calf ratios) than other JEH segments. Doing this would help achieve JEH objective 8 
while minimizing harvest on migratory segments. In order to track hunter harvest there would 9 
need to be an increase in monitoring, e.g., hunter self-registration.         10 
 11 
Elk hunting on the NER currently ends mid-December. Offering a late-season hunt (after 15 12 
December) would assist in deterring elk from moving onto the refuge. Without coordinated 13 
hunts in adjacent units (Hunt Areas 75 [GTNP], 78 and 80), and extended open access on BTNF 14 
lands in Hunt Area 80, the NER hunt would likely be ineffective in also significantly increasing 15 
harvest. Late-season harvest in Hunt Area 80 would include migratory Yellowstone elk, a 16 
declining herd segment of conservation concern. These proposed coordinated efforts would 17 
need to be approved by the Commission, BTNF, and GTNP.  18 
 19 
Fertility control was considered and rejected in the 2007 BEMP, so therefore could not be 20 
undertaken on federal lands without vetting in the NEPA process. Moreover, this action would 21 
need approval by the WGFD Commission prior to the state undertaking fertility control on 22 
private lands in collaboration with landowners in Hunt Area 78 and Grand Teton NP South 23 
would occur during summer on private lands. Research completed since signing of the BEMP 24 
indicates fertility control may be more tractable now than when it was considered during 25 
preparation of the BEMP. Killian et al. (2009) demonstrated effectiveness of GonaCon™, a 26 
gonadotropin-releasing hormone vaccine, in female elk. Dart-delivered 2 ml doses of 1000 μg 27 
GonaCon™ resulted in nearly complete infertility of females treated in September. Much of the 28 
early research on this immunocontraceptive vaccine was for use in white-tailed deer, with 29 
regulatory approval of GonaCon™ for use in female white-tailed deer by the U.S. Environmental 30 
Protection Agency granted in 2010. There are no known dangers to humans or wildlife from 31 
eating animals that have been treated with GonaCon™. 32 
 33 
Most of the observed increase in segment population has occurred in the largely non-migratory 34 
Hunt Area 78 / Grand Teton NP south segment. Increased harvest in this segment would help 35 
address a number of issues, in addition to assisting in reaching Phase I objective. Harvest is 36 
nearly as liberal as possible at this time; the greatest limitation is hunter opportunity in 37 
residentially-developed areas. Elk use in those areas is increasing, necessitating continued 38 
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collaboration with homeowner associations to improve hunter access within residential 1 
developments. Many associations have covenants that exclude firearms, but archery may be an 2 
option where firearms are excluded. There is also a growing constituency for trophy bulls in 3 
these areas.  4 
 5 
A hunter management program for Hunt Area 78 would coordinate private land access through 6 
a hunt manager as liaison to private landowners. This program would be modeled after similar 7 
programs in Montana, as well as several in Wyoming (Meteetse, Laramie Peaks, etc.).    8 
 9 
Habitat improvements—Habitat improvements discussed so far have focused on fire 10 
treatments on range adjacent to the NER to increase attractiveness of these areas to wintering 11 
elk. Opportunities exist for managed fire in certain areas, but opportunities for prescribed fire 12 
are limited. Fire treatments in lynx habitat would not be possible, therefore it would be 13 
necessary to determine if a conifer stand was suitable lynx habitat as based on tree cover. 14 
Conversely, areas within sage grouse core habitat (i.e., within a 4 mile radius of a lek) have a 5% 15 
disturbance cap that would similarly preclude fire treatment. Areas mapped as wildland urban 16 
interface (WUI) are available for treatment, but treatments need to be defined as a fuels 17 
reduction.  18 
 19 
There is potential to have fire management areas on the refuge, but the conflict with sage 20 
grouse on the northern portion of the NER, which is identified as sage grouse core habitat, 21 
would need to be addressed. The plan will therefore include prescribed fire even if it isn’t a 22 
primary tool. These changes would represent a small, ephemeral gain at best in changes to 23 
habitat that may result in more elk wintering outside of the NER. Wildland fire use (i.e., wildfire 24 
to meet resource objectives) is authorized forest-wide in the BTNF. Much of the BTNF adjacent 25 
to the NER is within the Gros Ventre Wilderness, which is managed to allow “natural processes 26 
of ecological change to operate freely. The number, size and intensity of fires [are managed to] 27 
approximate the natural fire regime” (USFS 2013). Benefits from wildland fire use on adjacent 28 
national forest lands are therefore opportunistic in nature. 29 
 30 
Private lands mitigation—Easements and leases have been proposed as a means to minimize 31 
livestock and elk conflict related to brucellosis. Easements would incentivize steer operations 32 
by purchasing from willing sellers the right to have cow/calf pairs. Easements should also 33 
consider all winter feeding of livestock (e.g., horses), certain agricultural crops that are 34 
attractants to elk (e.g., irrigated hay), as well as hunting access. These easements would be 35 
purchased and enforced through agencies and local land trusts. Leases in the Spring Gulch area 36 
are not a suitable solution due to the current level of development; may be an option in Buffalo 37 
Valley assuming the weather allows animals to winter there. Leases/easements would need to 38 
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include a statement that the individual would forfeit their right to make a depredation claim to 1 
WGFD.  2 
 3 
Non-traditional landuse mitigation would differ from that described above for traditional 4 
landuses. For example, the Jackson Hole Conservation Alliance is working with subdivision 5 
landowners to install landscaping that is less attractive, and more resistant, to elk and deer. 6 
Similarly, WGFD assesses subdivisions to identify issues for mitigation, and provides input to 7 
real estate developers and in county planning documents. Also, targeted hazing in subdivisions 8 
and golf courses is ongoing and will continue on an as-needed basis. 9 
 10 
Public education/outreach—Each partner agency will have the opportunity to become involved 11 
in the planning and execution of education and outreach (EO) efforts. Increased public EO 12 
efforts will be undertaken regardless of the strategy selected. These efforts will include 13 
increasing public awareness of, and tolerance for, natural levels of winter mortality in elk. This 14 
would be accomplished through local news releases and radio announcements, training for 15 
sleigh-ride contractors that includes information on winter mortality in unfed populations of 16 
elk, etc. Regular updates on the planning process and progress towards meeting objectives set 17 
out in the BEMP will also be provided to the public through NER media outlets. County 18 
Commissions will be included in public EO efforts to make sure they are aware, and supportive, 19 
of the agencies’ efforts.  20 
 21 
Landowner EO would differ between those engaged in more traditional agricultural landuse 22 
(i.e., ranching) and non-traditional landusers (i.e., residential developments, golf courses). The 23 
decision to change a livestock operation from cow/calf to steers (non-breeding) is a major 24 
decision.  It is not expected that ranchers would respond to an article in the paper, news story 25 
on the radio or even a letter.  This kind of effort will require primarily one-on-one interactions 26 
with an individual that has built relationships and trust within the community. This would 27 
require a private lands biologist to work with private landowners in the area. The position could 28 
be a shared position among agencies. Conversely, EO focused on homeowners in exurban 29 
developments will focus more on meetings with homeowners’ associations, residential 30 
developers, etc., to provide information regarding living with wildlife, wildlife management and 31 
conservation, etc. All agencies will need to collaborate in initial efforts to reach key landowners 32 
and homeowner associations to convey the objectives and primary issues involved in managing 33 
elk and bison in Jackson Hole, as well as to express the importance of their involvement in the 34 
process. WFGD is currently doing this in some areas, e.g., Hunt Area 78.  35 
Sportsmen EO would include meetings with local and regional sportsmen’s clubs and ideally 36 
articles in club magazines, Wyoming Outdoors, etc.  General newspaper articles could also help 37 
disseminate information. This could be largely accomplished with existing staff.  38 
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 1 
Agency EO is happening to some degree through AMP meetings.  It would be helpful to focus 2 
on two different groups; field staff and Regional Office managers.  Field staff are instrumental 3 
in achieving management actions on the ground, but also support changing public opinion in 4 
the local area through their personal interactions outside of work.  Regional office EO is 5 
essential in building the necessary support to obtain project resources and have support when 6 
controversies are elevated to their level.    7 
 8 
WGFD Commissioner EO will require personal contacts coordinated with WGFD.  Top priority 9 
will be the commissioner for this area and perhaps others.  This will include 1) tours of the NER 10 
and GTNP and 2) a briefing on alternative strategies resulting from the AMP. 11 
 12 
Monitoring—Draft once strategies are finalized. 13 
 14 
Enforcement—Draft once strategies are finalized. 15 
 16 
Contstraints 17 
Constraints that were identified for managing wintering elk population on the NER were diverse 18 
and included policy/regulatory, biological, social, and funding constraints, and combinations 19 
thereof (Table 4). The most common constraints were policy related (33%), followed by social 20 
(28%), biological (22%), and funding (17%) constraints. Many of the identified constraints could 21 
be identified in multiple groups; we largely identified constraints as belonging to a single group 22 
to simplify classification.  23 
 24 
Table 4. Management constraints identified for the National Elk Refuge wintering elk 25 
population objective. 26 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Easement limitation (NER boundary) 
2007 EIS (rejected fertility control and test and slaughter; limits tribal 

harvest) 
Social constraints 

Hunter numbers 
Winter mortality (social acceptance) 
Public safety (ungulate/vehicle collisions) 
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Disease (cattle commingling) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts 
Fencing/wildlife conflicts 
Migratory segment (maintain summer distribution goals) 

Funding constraints 
Easements 
Fencing 
Fertility control 

 1 
National Elk Refuge Strategy Narratives 2 
Management action strategies were divided into themes based on the focus of the grouped 3 
actions within a strategy. For example, the National Elk Refuge-Focused strategy targets winter 4 
elk distribution through management actions primarily taken on the refuge. The Southern Herd 5 
Segment Management strategy is a set of actions intended to reduce the number, and 6 
productivity, of the largely non-migratory elk in Hunt Areas 75 and 78 while minimizing the risk 7 
of harvest to migratory segments of the JEH. The Late Season Harvest strategy would increase 8 
harvest more generally in the JEH through coordinated late season hunts, with key caveats 9 
outlined below. Several actions were identified as necessary to continue, or implement, 10 
regardless of the strategy selected. Those to be continued are the 1) intra-seasonal 11 
management and coordination between the NER and WGFD Gros Ventre feedgrounds, 2) 12 
fencing for private lands mitigation, and 3) “tag and drag” and guided hunts on the NER and 13 
GTNP. New actions to be implemented across all strategies include 1) a late-season refuge hunt, 14 
2) Fire management on NER and adjacent public land, 3) increased public education and 15 
outreach, and 4) increased WGFD Commission education and outreach. 16 
   17 
National Elk Refuge-Focused Strategy 18 
The NER-focused strategy is based on altering distribution of elk using management actions 19 
centered primarily on the refuge. This strategy implements actions to make the refuge less 20 
attractive to wintering elk primarily through a less conservative winter feeding program and 21 
initiation of a late-season hunt. This assumes that a proportion of elk that winter on the refuge 22 
can be conditioned to stay on adjacent winter range based on decreasing the incentive (later 23 
initiation of feeding) and increasing the disincentive (late season hunt) to moving onto the 24 
refuge. Incentivizing steer operations on private lands would be undertaken to address the 25 
increased proportion of elk that may winter on adjacent private lands. Similarly, education and 26 
outreach to private landowners is included in this effort to increase acceptance of elk wintering 27 
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on private lands adjacent to the NER. Increased enforcement on the NER would also be 1 
necessary due to the addition of the late-season hunt.  2 
 3 
Southern Herd Segment Management Strategy 4 
The southern herd segments (Hunt Area 78 and GTNP South) are increasing absolutely and 5 
proportionally within the JEH. Conversely, migratory segments (i.e., elk that summer in 6 
Yellowstone NP and Gros Ventre Wilderness) of the JEH are stable to declining. The Southern 7 
Herd Segment Management Strategy focuses management actions at slowing, or reversing, the 8 
growth of the southern herd segments. Proposed actions include increasing harvest through 9 
the development of a hunter management program, a program that also helps address private 10 
lands mitigation. Targeted fertility control on private land summer range could also be 11 
explored by WGFD, but would need to go through the proper approval process (i.e., WGFD 12 
Commission). This action was considered and rejected in the BEMP. Increased outreach to 13 
sportsmen and agencies, and landowners, would be undertaken; the former is due to the 14 
potential for fertility control and the latter is for increasing awareness of landowners of the 15 
efforts to reduce the southern herd-segment. Increased harvest is localized by this strategy, 16 
minimizing the potential impact of increased harvest on the migratory segments. Increased 17 
enforcement on the NER would also be necessary due to the addition of the late-season hunt. 18 
 19 
Late Season Harvest Strategy 20 
The Late Season Harvest Strategy represents a broader, landscape scale approach to achieving 21 
the Phase I elk objective. A coordinated (i.e., NER, WGFD, GTNP, BTNF) late season hunt in Hunt 22 
Areas 75, 77–78, and 80 would occur. Approval would need to be obtained for extending, or 23 
moving, the current season in GTNP to allow later harvest. Lastly, the current December 1st 24 
closure to protect wintering ungulates in Hunt Area 80 on BTNF lands would need to be 25 
modified through an environmental review process to allow hunter access into that area. 26 
Currently the JEH could be reduced by approximately 1,000 animals before being below 27 
objective (11,000 ± 10%). A WGFD Commission approved reduction in the JEH could be 28 
investigated if the efforts of this strategy did not result in reaching the NER Phase I elk 29 
objective. An increase in enforcement would be necessary if this strategy was implemented.  30 
 31 
National Elk Refuge Strategy Consequences 32 
 33 
Considered but not included in the consequences table (covered in the EIS) – average annual 34 
private sector revenue; altered archeological resources; 35 
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Table 5. Predicted consequence table for the National Elk Refuge (NER) elk population on feed alternative management action 
strategies. This table is not currently cited in the text  

Objectivea/Decision 
Considerationb Evaluation criteria 

Reference 
Condition 

NER-
focused 

Southern herd 
segment mngmnt 

Late season 
harvest 

Elk-fed daysa Years to reach objective     

Herd segment 
distributionb 

Proportion long-distance 
migrants 

    

Financialb 

Average annual additional costs 
to agencies ($000) 

    

Commercial landuse additional 
costs 

    

Socialb 

Sportsman/outfitter support     

Environmental group support     

Commercial landowner support     

Residential landowner support     

Safetyb Animal/vehicle collisions     

aThe identified objective from the BEMP Phase I for this table is 5000 elk on winter feed at the NER, which has been converted to 
elk-fed days (see Population of Interest above). 
bAdditional decision considerations and evaluation criteria were identified by the working group for comparison among strategies. 
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Bison 
Alternative management actions for bison on the NER and adjacent areas included several 
developed for the NER wintering elk population objective in addition to those solely developed 
for bison (Table 6). Most of the actions identified were related to bison harvest in an effort to 
influence hunter access or success.  
 
Table 6. Bison population strategy table for identifying alternative management action 
strategies.  

  

Reference 
Case 

Hunter 
Harvest 

Alternative 
Reduction 

Actions 
Population management 

   No change X 
  

Improve late-season access to north 
end of NER for hunting and carcass 
retrieval 

 
X X 

Parking lot origination management 
 

X X 
Alternative reduction actions*   X 

Hazing 
   

No change 
   

Haze bison found south and east of 
Flat and Nowlin creeks  

X X 

Service-accompanied hunters  X X 
Habitat improvements 

   
No change X 

  
Fire management on NER and 
adjacent public land  

X X 

Water source improvements    
Private lands mitigation    

NER south-boundary improvement    
Public education/outreach (EO) 

   
No change X 

  
Increase education and outreach 

 
X X 

Monitoring 
   

No change 
   

Enforcement 
   

No change 
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Increase 
   

*Beyond the scope of this plan and may require NEPA review. 
 
Population management—Hunter harvest of bison since 2007 has led to an appreciable 
reduction in the population (Fig. 5). Further efforts to increase hunter harvest are intended to 
reduce the number of years necessary to reach the bison population objective. Most of the 
actions identified are related to increasing opportunity and success at the existing level of 
hunter numbers. The current number of hunters each year is believed to be a maximum 
number allowable while still providing a quality, and safe, hunting experience.   
 
Efforts to improve late-season access to the north end of the NER for hunting and carcass 
removal could facilitate increased harvest. Existing retrieval roads become impassable late in 
the hunting season due to snow, and can, for example, preclude hunters from using the West 
Parking Area or retrieving carcasses on the northern portion of the refuge. Keeping these roads 
open may be difficult in heavy snow years, requiring a bulldozer in some situations. 
Alternatively, over-the-snow vehicles could be considered for carcass retrieval on existing 
refuge roads. Hunter access easements across private lands on the northeast corner of the NER 
will be explored as another means of providing access to that portion of the refuge for hunting 
and carcass retrieval. 
 
Hunters must originate from a designated parking area for hunting bison on the NER. All but 
one designated parking area are within the NER. Access to the northwest portion of the NER is 
via a parking area within and managed by GTNP in collaboration with the NER. Accessing the 
refuge for hunting from BTNF lands along the eastern boundary of the NER was historically not 
allowed. The refuge will continue to manage hunter distribution using parking-lot origination in 
an effort to encourage bison to move onto, and remain, on the refuge. Hunters with a NER 
permit will also be allowed to access the refuge from adjacent BTNF lands.   
 
Continuous review of population management actions implemented for reaching the bison 
population objective will be undertaken during the life of this plan. If management actions 
outlined in this plan prove ineffective for reaching the objective, other actions that fall outside 
the scope of this plan may be considered, e.g., agency cull, herd-wide fertility control. Such 
actions may require evaluation as per the NEPA.  
 
Culling of bison is currently not used as a population management action. Including an agency 
bison cull as a potential population management action in this plan does not imply agency 
approval at this time and would only receive further consideration upon meeting several 
criteria. Consideration of an agency cull would include meeting National Environmental Policy 
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Act (NEPA) requirements. WGFD policy prevents elk hunting past January 31st to minimize 
hunter exposure to Brucella abortus (the bacteria that causes brucellosis). This policy is specific 
to elk at this time, but the same concerns exist for late-season bison harvest. Between February 
1st–15th WGFD personnel can harvest animals and the animals can be donated; animals killed 
after February 15th must be disposed of in a landfill.  
 
Herd-wide fertility control of bison was considered and rejected in the BEMP. A review of 
fertility control in wildlife, current at the time of approval of the BEMP, can be found in 
Appendix B of the final Environmental Impact Statement (EIS) (USFWS and USNPS 2007b). Need 
to gather more details on the current state of knowledge for this technique – would it be 
possible to have the WGFD vet draft a few sentences, with current citations, for this purpose? 
Seems like this would have to occur on the feedline to be efficient and effective, which would 
trigger NEPA. Bison primarily occur on federal lands, so proposed implementation of this action 
would necessitate following NEPA requirements.  
 
Hazing—Reduction, or elimination, of winter feeding will likely result in bison having a broader 
winter distribution in Jackson Hole. This could lead to more frequent use of the Nowlin unit by 
bison; the Nowlin unit is where commercial sleigh rides are conducted. Moreover, increased 
bison use of the southern portion of the NER beyond the Nowlin unit increases the potential for 
bison to enter the town of Jackson. For public safety and to minimize conflict in the Nowlin unit, 
bison will be hazed north if found south of a boundary starting at the Twin Creek Subdivision, 
west along Elk Refuge Road to Nowlin Gate, north and west along Hunter Retrieval Road 22 (an 
administrative road), north along Hunter Retrieval Road 22 to the Refuge Barns, west along 
Nowlin Creek to the confluence of Flat Creek, and north along Flat Creek to the northern 
boundary of the Jackson National Fish Hatchery.  
 
Service-accompanied hunters in NER management units south of the bison hazing line defined 
above could be used to haze bison north of the hazing line.  
 
Habitat improvements—Fire management on NER and adjacent public land to increase 
attractiveness for bison would be the same as described above for elk (pg X). The objective, 
however, differs in that the purpose of attracting and holding bison on the refuge would be 
primarily to increase susceptibility of bison to harvest.  

Water sources on the east side of the NER would be modified to increase flow rates, improve 
bison access to water, encourage bison use and potentially increase early season 
harvest.  Existing springs known as waterhole 2 and waterhole 3 currently have defunct bore 
hole pipes with limited water flows.  These would be repaired or replaced to ensure late 
summer water flow and encourage bison use at these locations. 
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Private lands mitigation—Bison primarily occur on public lands (i.e., NER, GTNP, and Bridger-
Teton National Forest), and when they do occur on private lands WGFD has the authority to 
haze or lethally remove bison for safety or private lands damage concerns (WGFC regulations, 
chapter 56). There is the potential for increased private lands conflict if winter feeding is 
reduced or eliminated on NER. For example, bison may move further south when feeding does 
not occur, increasing the potential for bison in Jackson. To reduce the likelihood of bison 
moving from the Refuge into Jackson, a double cattle guard will be installed on Elk Refuge Road 
at the boundary with East Broadway and at the gate where the town accesses the municipal 
water wells.  
 
Public education/outreach—Public education and outreach for bison management will be 
integrated into EO provided for elk management (see pg. X). There are important differences 
between bison and elk biology and management that will be articulated. The bison population 
objective differs from the elk objective, with the former based primarily on maintaining genetic 
heterozygosity while minimizing conflict (USFWS and USNPS 2007a). Bison winter feeding is 
conducted primarily to eliminate conflict with elk on feedgrounds, which is fundamentally 
different than the objective for feeding elk to sustain the JEH through winter with minimal 
mortality. Winter feeding of bison precludes other conflicts that would occur if bison were 
more broadly distributed within Jackson Hole, e.g., bison in the town of Jackson and the 
associated public safety conflict. As winter feeding is reduced, or eliminated, efforts will be 
made to manage potential increased conflict, but public acceptance of increased conflict will be 
necessary. There are important biological differences between bison and elk that will be 
highlighted. For example, during 2007–2013 the JBH had greater than twice the ratio of calves 
to females in winter compared to elk of the JEH (0.47 [SD = 0.05] for bison and 0.22 [SD = 0.03] 
for elk; WGFD, unpubl. data). During the six-year period taken to complete the BEMP the bison 
population grew exponentially, increasing from 627 animals in 2002 to 1059 in 2007 (Fig. 5; 
WGFD, unpubl. data). Management challenges can also differ between bison and elk. Bison 
female-calf groups spend much of the year in GTNP, where no harvest is permitted, and move 
to the Refuge as winter conditions reduce forage availability in GTNP. Female-calf groups 
largely do not use BTNF lands adjacent to the NER or GTNP, which constrains population 
management using hunter harvest to a relatively limited area on the NER. This can lead to 
dense concentrations of animals and hunters on the NER, which can result in hunter conflict.  
 
Increased EO to state agencies, e.g. the Department of Agriculture and state veterinarian, will 
be included as part of this action. The range of bison will likely expand as feeding is 
reduced/eliminated, potentially leading to more conflict on private agricultural and developed 
lands. 
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Monitoring— Draft once strategies are finalized. 
 
Enforcement— Draft once strategies are finalized. 
 
Constraints 
Constraints unique to bison management were largely related to disease transmission concerns 
and related policy (Table 7). For example, it is not currently possible to move bison out of the 
county, nor are bison currently allowed in the Gros Ventre near WGFD feedgrounds. Several 
identified alternative actions, fertility control and test and slaughter, were considered and 
rejected in the 2007 Environmental Impact Assessment (EIS) for the Bison and Elk Management 
Plan. The 2007 EIS similarly limits tribal harvest of bison. Moreover, there is uncertainty if an 
effective bison fertility control exists, which is a technological constraint. What constraints 
from the NER wintering elk constraints table should be carried over to the bison constraints 
table? 
 
Table 7. Management constraints identified for the bison population objective. 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Cumbersome hunt regulations 
Hunter access (especially from north of the NER) 
Easement limitation (NER boundary) 
Current restriction on moving bison out of county 

Social constraints 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Vendor numbers (are there enough for bison removals?) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts (fire) 
Fencing/wildlife conflicts 
Grizzly bear conflicts (potential) 

Funding constraints 
Easements 
Fencing 
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Fertility control 
Technological constraints 

Fertility control 
 
Note/reminder from initial fall meeting Nov. 2012: “Three-pronged approach” 1) how to use 
hunters to reduce #s, 2) how to get more on native, 3) explicit metric for winter mortality that is 
acceptable.  
 
Include a paragraph or two that describes 1) how phases are related to each other, 2) when we 
will claim we’ve been successful in Phase I, 3) how Phase II will be implemented (i.e., stepwise 
or all at once after success with Phase I, 4) whether meeting bison and elk objectives 
simultaneously will be necessary to begin implementing Phase II.  
 
Disease management – current plan doesn’t address CWD explicitly except to state that NER 
will work within WGFD’s plan (should be out 2015). Need to write justification for increased 
emphasis on managing CWD threat. This is in conflict with brucellosis objectives that state 
feeding will be used to minimize co-mingling. Use easements for the latter and to balance CWD 
management.  
 
Does the current distribution of collared animals represent animals on native range? The 
latter are under-represented in the sample. Assuming main influence on aspen is from elk on 
winter feedgrounds. 
 
Need to provide justification for just including aspen – explain aspen as an umbrella for other 
habitats. Aspen regeneration more responsive to management actions; highly-preferred by 
elk. 
 
Bison impact on wet meadow; will we keep reducing elk due to bison? Need to consider 
monitoring bison. Can we go lower than 500 or is it firmly set? 
 
Changes that have occurred since completion of BEMP – Winter distribution of elk has 
changed, calf ratios have declined excluding short-distance migrant segment, wolf presence 
may have exacerbated this, bison numbers, fires in Gros Ventre, habitat management to hold 
elk in GTNP. All agencies agreed the plan was doable but the distributional shifts challenge 
that currently – S.Cain…graph of proportional distribution of elk on feedgrounds (has 
increased as animals on native range have declined). Write this up and share with the group 
for edits. 
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Do we provide a set date of adjusting feeding criteria to build collaboration with publics who 
will be influenced by the change (public outreach)? The adaptive part is figuring out what 
number of elk the refuge can support, less so how to reduce numbers on winter feed. Will 
likely push off winter feeding regardless in an effort to maximize bison harvest (i.e., late 
January season). 
 
Include a summary of the actions in this plan that tier off of the BEMP vs. those that would 
trigger NEPA. This would include defining strategies succinctly and the threshold that would 
trigger NEPA. In this way we can move forward with actions that step down from the BEMP 
and have a trigger for initiating NEPA if, and only if, necessary.   

1) Removed ‘Grand Teton NP harvest’ from the bison alternatives table because it was not 
in the BEMP and would therefore trigger NEPA and an act of Congress would be 
necessary (for a hunt, not a cull). A bison cull in GTNP would still trigger NEPA. Included 
agency cull (see below).  

2) Test and slaughter for bison was reviewed and rejected in the BEMP – many reasons to 
not do it.  

3) An agency bison cull would trigger NEPA 
4) Herd-wide fertility control in bison would similarly trigger NEPA 
5) Elk fertility control in GTNP south? This is currently an action in an elk strategy that 

would trigger NEPA, yet we haven’t excluded it from the main plan, simply stated it 
would need NEPA. 

 
Wolf management to facilitate elk winter use of native range. 
 
We need to make sure the co-mingling mitigation tools are articulated and implementable; 
this can be started as soon as possible so that when we start adjusting feeding to change elk 
distribution we are a bit ahead of the game.  
      
 
 
Models 
Limiting Factors – DELETE THIS SECTION, OR EXPAND IN THE MODELING SECTION? 
Limiting factors are demographic components that limit population growth of a species. 
Identifying limiting factors, perceived and documented, help us better define existing 
uncertainty regarding drivers of elk and bison population and potential management actions, 
and monitoring to link the two together. In the current situation where management aims to 
reduce or limit a population to a specified objective, our understanding of limiting factors can 
be capitalized on to regulate population. For example, elk population growth is highly sensitive 
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to adult female survival (Nelson and Peek 1982, Raithel et al. 2007), and therefore increased 
hunter harvest on adult females is a common approach to reduce elk populations. In this 
scenario, increased hunter harvest of adult females is the management action that could be 
employed to reduce a population to objective. This assumes population abundance is the issue 
to be addressed. Conversely, if population distribution is the primary issue to be addressed 
management actions to alter animal distribution would be employed.  
 
Winter distribution of elk and bison on and near the NER is influenced by winter feeding. The 
present feeding program is conservative in implementation of feeding to minimize elk 1) winter 
mortality of the most susceptible group, calves, and 2) comingling issues with cattle on adjacent 
private lands. Therefore, current feeding programs are minimizing a potential limiting factor – 
winter mortality. Moreover, winter feeding alters the distribution of elk and bison, which can 
result in localized concentrations of animals above stated objectives.   
 
If the fundamental objective is to minimize the number of animals on feed we need to 
conceptualize the relationship between elk density and winter feeding. To do this I thought it 
would be easiest to define the proportion of Kcal in elk diets from feed as a function of elk 
density while accounting for standing forage. I created a figure to represent this; no feeding 
occurs at low densities of elk (<1 animal per 300 lbs available forage), then asymptotically 
approaches all Kcals coming from feed as density increases. We can change the threshold of 



33 
 

when feeding starts as necessary.

 
While this simple model helps us think through winter feeding and elk numbers, it ignores elk 
survival as a function of available forage. I don’t think we can ignore that, especially calf 
survival? It seems to me that what we are trying to do is 1) encourage elk to distribute 
themselves more broadly by being less conservative with winter feeding (i.e., change the 
shape of the figure above) and conducting late-season hunts, while 2) staying within an 
acceptable range of winter mortality, especially calf mortality. I’ve been thinking about this in 
this manner since Tim’s comments on winter survival at the last meeting. I understand that 
we’re working toward achieving desired conditions, but I imagine we’ll quickly lose public 
support if they see a pile of dead calves. And I don’t think they’ll view sparing aspen from elk 
browse is worth that.  
 
Here’s a figure of the hypothesized relationship between calf survival and available forage.  
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We could use existing information to estimate the two relationships represented in the 
figures, which would provide us with a set of models to predict winter calf mortality as a 
function of available forage, and then see where we can get with less conservative winter 
feeding. This would allow us to articulate to the public that we’re trying to not go above 
some level of calf mortality while reducing the number of elk on the refuge by being less 
conservative with feeding. If we can’t successfully reduce the number of elk on feed without 
going beyond the calf mortality rate deemed acceptable then we’ll know we need to 1) get 
support for possibly allowing higher calf mortality, 2) use some other identified action to 
distribute elk during winter, or 3) reduce the overall objective/number of elk.   
 
We could concurrently monitor aspen condition so that as we alter distribution of animals on 
the refuge we learn how that influences the likelihood of aspen growing through the browse 
zone. This would allow us to relatively seamlessly transition into phase 2 of the plan.  At that 
point the question becomes ‘can aspen reached desired condition when we maximize the 
number of elk on standing forage at the current population level (density).  
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Adaptive management uses models of the managed system to link the objective response (e.g., 
desired habitat condition) to changes in the system resulting from management actions (e.g., 
altered elk distribution).  
 
We need to have a spatially-explicit model (set of models) that links desired conditions to elk 
and bison abundance and distribution. If we divide the refuge into 16 ha (40 acre) blocks we 
can then build a model to predict desired condition in that block during a period of time in 
response to elk and bison use. The latter is similar to EFD and BFD in needing to combine 
abundance and time animals are in a block. From a management perspective this is most 
influenced by feeding and harvest. Desired habitat condition is a function of animal use 
 

𝐸𝐸𝐷𝐷𝑡𝑡(𝑝𝑝) = 𝑓𝑓(𝑈𝑈𝑡𝑡(𝑝𝑝)), 
   
where 𝐸𝐸𝐷𝐷𝑡𝑡(𝑝𝑝) is the desired condition in block i during time t and 𝑈𝑈𝑡𝑡(𝑝𝑝) is the combined use of 
block i during time t by elk and bison. Takes a special case of circumstances to have escapement 
occur. (this can be separated so each species has its own term and they are additive – not 
sure how that would look, but seems easily doable). Use is the product of animal abundance in 
block i in time t, 𝑛𝑛𝑡𝑡(𝑝𝑝), and days present, 𝑑𝑑𝑡𝑡(𝑝𝑝) (may be more realistic to have larger time frame, 
e.g. weeks, that is realistic from a monitoring perspective), such that  
 

𝑈𝑈𝑡𝑡(𝑝𝑝) = 𝑛𝑛𝑡𝑡(𝑝𝑝)𝑑𝑑𝑡𝑡(𝑝𝑝). 
 

Animal abundance, n, in turn, is a function of the proportion of animals (𝑝𝑝𝑡𝑡(𝑝𝑝)) present in block i 
at time t 
 
 

𝑛𝑛𝑡𝑡(𝑝𝑝) = 𝑝𝑝𝑡𝑡(𝑝𝑝)𝑁𝑁𝑡𝑡, 
 
where 𝑁𝑁𝑡𝑡 is the total population during time t. Lastly, 𝑝𝑝𝑡𝑡(𝑝𝑝) can be described as a function of 
hunting, winter feeding, and other block attributes (this latter group should be included at a 
general level and is something we need to discuss; most of our interest lies in the response of 
animals to hunting and feeding).  
 
We assumed a negative linear effect of winter feeding on animal use of a block, i.e., use 
increases linearly with decreasing distance from a feedground. The influence of hunting on 
animal use in a block was assumed to have a pseudo-threshold functional form. This accounts 
for the discrete boundaries between open- and closed-hunt units such that the effect of 
hunting on animal use declines rapidly with distance from open-hunt units and approaches an 
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asymptote. What are the attributes of each cell that predict use – distance to feed grounds, 
hunt management, aspect, slope, distance to road, fencing. This is a significant component we 
need to figure out. I can try to provide some examples to help with the conversation. The 
other big component to work through is what exactly DC is – I’m still partial to working this 
this using aspen as an example. ‘Heavy lifting is defining DC and quantifying it’ (Kerry). We 
may find that to be about as much as can be handled with current resources. If that is true, 
we’ll have to think through how we can justify just one (or maybe 2-3) of the desired 
conditions for monitoring. If cottonwoods are less preferred than aspen we can probably 
easily get away from intense monitoring of cottonwoods by assuming they are likely doing 
well if aspen are. Different story for willows, but maybe it will take fence to get willows back 
at nearly any level of elk/bison at this point.   
 
Monitoring 
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APPENDIX I 
 

 

Vision:  
 
 
  
 
Goals: 
 
 
Obj.  
Categories 
 
 
 
Objectives 

 
 

 
 
  

 

 

 

 

  

 

Figure 1.A1. Schematic representation of Bison and Elk Management Plan vision, goals, objective categories, objectives, measureable attributes and performance criteria. Bolded boxes and arrows represent the objective 
outlining the phased approach to population management by adaptively managing elk and bison populations for desired conditions. Stippled boxes represent measureable attributes and performance criteria for desired 
conditions defined in the National Elk Refuge Comprehensive Conservation Plan. Grayed-out boxes represent objectives, measurable attributes, and performance criteria wholly (e.g., public education) or largely (e.g., 
invasive species management) independent of desired conditions related to elk and bison population objectives, and therefore not considered in this plan. 

Habitat Conservation Disease Management Sustainable Populations Numbers of Elk and Bison 

Land 
Protection 

Grazing 
Habitat 

Habitat 
Problems 

ID 
lands 

Sprinkler 
Irrigation 

Flood 
Irrigation 

Invasive 
Species 

Sage and 
Grass 

Cultivated 
Areas 

Willow Aspen Cottonwood Wet 
Meadow 

Structured 
Framework
  

Phased 
AM 

GTNP Elk 
Sex Ratios 

Bison 
Popn 

Public 
Education 

WGFD 
Herd Objs. 

JEH Bison Livestock 
Trans. 

Elk & Bison 
Trans. 

Human 
Risk Ed. 

Acres lbs. per 
Acre 

lbs. per 
Acre 

Acres 
Restored 

 Acres Class 
Acres 

Stem 
Den. 

Class 
Acres 

Stem 
Den. 

Class 
Acres 

 Criteria/ 
Actions 

Desired 
Cond. 

 Sex ratio Popn #  Popn # Popn #    

Measureable Attributes 

5000 lbs/ac 
400 ac 

2500 lbs/ac 
700 ac 

2500 lbs/ac 
500 ac 

≤ Weed 
Threshold 

 ≤ 2400 
Acres 

≥800 
stems/ac 

>80 in 

800 ac 
Class I/II 

1000 ac 
Class I/II 

≥0.17 
stems/m 

>80 in 

 

Performance Criteria 

5000 Elk 
500 Bison; 

Desired  
Habitat 

Conditions  

35 Bulls: 
100 Cows 

500  11000    

‘Manage bison and elk in a manner that contributes to the state’s herd objectives 
yet allows for the biotic integrity and environmental health of the resources to be 

sustained (BEMP Desired Conditions). 
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Adaptive Management of Winter 
Feeding at the National Elk 

Refuge



Today’s Agenda

• Review current direction
– Redefining interpretation of ‘desired conditions’

• Presumptive selection of NER-focused strategy
– Three primary tools to achieve objective

• Harvest
• Winter feeding
• Hunt timing

• Strategy to finish draft plan



Where are we?
• Initial focus on Phase I

– 5000 elk on winter feed at NER
– 500 bison
– Completed strategies and actions to achieve Phase I

• ‘Re-focused’ on including Phase II (spring 2014)
– ‘Adaptively manage bison and elk…to achieve desired 

conditions.’
– Defined ‘desired conditions’ using BEMP objectives, 

primarily habitat, JEH population objectives, and 
disease management



Where are we?

Initial thought was Phase 
2 would incorporate three 

remaining BEMP 
objectives (Appendix I)



Where are we?
• November meeting – post-hiatus

– Record of Decision interpretation
• 6 considerations for adaptive management
1) Forage production
2) Desired herd size and ratios
3) Mitigation of co-mingling
4) Winter distribution patterns 
5) Disease prevalence
6) Public support

– Steve C. – simplify, do habitat conditions need to 
be considered now?

– Tim – elk survival



Where are we going?

• ROD interpretation and simplification
• Adaptively managing populations is only

mentioned in the Sustainable Populations goal
• ROD describes adaptive management only in 

context to six criteria and does not mention 
habitat triggers
‘Develop…adaptive management actions…for 
progressively transitioning from intensive supplemental 
winter feeding to greater reliance on free-standing 
forage, based on [six] considerations’



What does it look like?
Sustainable 
Populations

Minimize ‘number 
of animals on 

feed’

1) Forage 
production

2) Desired herd 
size

3) Mingling 
mitigation

4) Winter 
distribution

5) Disease 
prevalence

6) Public support

Goal

Objective

Criteria

500 bison
5000 elk

500 bison
5000? elk

Phase 1

Phase 2



What does it look like?

• Sustainable populations objective & strategies
– ‘Animals relying predominantly on available native 

habitat and cultivated forage’
– ‘Complete transition to free-standing forage’

• Need to more precisely define these statements 
to identify success
– Minimize ‘elk fed days on the NER while achieving the 

state’s population objectives’

‘Greater reliance 
on free-standing 

forage’
Objective



Decision Network
Contribute to elk and bison populations that are 

healthy and…at reduced risk from the adverse effect 
of non-endemic diseases

Minimize number of 
animals on feed at NER

Support WGFD JEH population 
objective and goals

Minimize 
comingling

Public 
support

Maximize 
forage 

availability

Minimize 
disease 
threat

Bull:cow
ratio

Easements, 
fencing, 

and hazing

Irrigation,
habitat 

restoration

Minimize 
feedline

concentrations
Harvest 

management

Feed 
mngmnt, 

Hunt timing



Disease prevalence

• Brucellosis 
– Mingling mitigation actions defined
– Winter feeding actions identified to minimize 

intra-specific transmission
– No distribution actions identified otherwise

• Chronic wasting disease
– Current plan moving toward minimizing wintering 

elk density

• Minimize density for this criteria?



Public support

• Public has low tolerance for winter mortality 
of elk on NER

• If actions lead to significant increase in elk 
winter mortality would public outcry end this 
plan’s efforts?

• Primary source of uncertainty we currently 
haven’t addressed?



Public support

• Assuming reduced winter feeding at NER is an 
action undertaken to achieve ‘greater reliance 
on free-standing forage’

• Can we provide a simple relationship between 
winter feeding and elk survival to 
communicate the uncertainty to the public 
and demonstrate efforts to minimize elk 
mortality as winter feeding is reduced?



Hypothesized elk feeding 
relationship



Hypothesized elk winter mortality and 
forage availability relationship (calf)



NER-based Strategy

• ‘Selected’ NER-based strategy to work through 
the thought process of how to move forward
– No formal analysis of consequences for three 

strategies
– How does the group want to proceed with 

strategy selection 



Strategy to finalize draft plan

• Refuge staff blocking out time for working on 
plan as a group to finish draft

• Provide rough draft based on current direction 
prior to next meeting for discussion



Framing the Decisions – Draft 
Problem Statement

The adaptive management plan identifies actions (include 
reference to BEMP) for progressively transitioning from winter 
feeding of elk and bison on the NER to greater reliance on free-

standing forage while maintaining population and herd ratio 
objectives. The primary actions available to achieve BEMP 

objectives include the 1) timing of winter feeding, 2) timing of 
hunting, and 3) harvest levels that can be implemented 
annually to encourage greater use of native range and 

cultivated free-standing forage. Management actions will 
incorporate those that simultaneously minimizing disease 

prevalence, maintain public support and minimizing comingling 
of elk and bison with cattle on private land.



Decision-making process
• Three primary decisions to be made 

– Harvest
– Winter feeding
– Hunt timing

• What information informs decisions?
– JEH population size
– Available forage per capita

• Three key uncertainties(?) 
– Elk and bison distribution
– Mortality

• Disease?
– Supportable herd size

• Disease?
• Mortality?

• Influence diagrams – graphical representation of decision
– Decision (rectangle)
– Uncertain events (oval)
– Outcome (diamond)



Influence diagram – representation 
of the decision 

Harvest The decision

Future 
population size

Current 
population size Uncertain events

Conservation 
value

Consequences 
(outcome, utility)



Winter feeding The decision

Elk fed days & 
Bison fed days

Current N

Uncertain events

Conservation 
value

Consequences 
(outcome, utility)

Winter 
conditions

Comingling



From: Steve Cain
To: Steve Kallin
Subject: AMP update
Date: Friday, February 20, 2015 10:54:32 AM
Attachments: NER AMP Draft v1.0.docx

Hi Steve,

Here is an update on what I have done on the AMP since last Thursday:

Its always bit difficult to pick something like this up after someone else has put a bunch of
work into it.  But, with all due respect to Jeff, I realized why I couldn't seem to really get
engaged in reading the material before.  There is a lot of good stuff here but it suffers greatly
from organization. 

I spent quite a bit of time getting a grip on the formatting of the document and making it easier
to move things around and to review.  I have added a title page, table of contents, schedule and
budget table placeholders, changed the format to two columns, and generally cleaned up a
bunch of inconsistencies with these things.  I also have reviewed the material at length.

Its been harder than I thought it would be to easily place Jeff's material into more logical
groupings, mainly I think because so many subjects are mixed in his narrative.  So rather than
spending more time on that right now, I focused on a proposed organization and some obvious
short comings, particularly in the introductory material.  I have captured my thoughts briefly
in the table of contents.  See what you think about this.  At this point I think it would be most
fruitful for me to work on the introduction material, which I think is really important for
setting the stage and for making this document stand on its own as much as possible without
being overly voluminous.  I think once I get that done it will be easier to work on the the
sections that follow, particularly the objectives and management actions sections.  In the
meantime Jeff could continue to work on the models and monitoring sections with Eric.

Note that in the document red text represents comments by Jeff or Me.  With the exception of
a few minor edits, I really haven't changed anything that Jeff has written for now.  I have,
however, commented quite a bit on his material and made notes both to myself and you about
what should be considered.  The comments on this version are meant for you - I don't want to
offend Jeff by some of my admitted frankness.

Content wise, I feel we are still lacking a clear, tangible set of actions that will make up the
proposal.  Or said another way, exactly what are we proposing?  It could be that its mostly
there but suffering a clear presentation.  We can get there though, and as I said above I think
starting with a good background in the Intro will help clarify how to construct the remainder. 
At this point its making more sense to me to have a separate section on education and
outreach, and to organize by management issue covering both bison and elk at the same time,
rather than organizing by species and covering many of the same management issues twice.

Let me know what you think Steve.  This is just my first impression, so if you want to go in
another direction its all good with me.  I have about 15 hours into this, not counting last
Wednesday and Thursday, and will stop work now until I hear back from you.

Best.....................................Steve
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INTRODUCTION 
 
Uncertainty regarding how to reach objectives for 
elk and bison populations, desired habitat 
conditions, and disease management in Jackson 
Hole remains after many years of study and 
debate. Determining an effective set of 
management actions to meet multiple and 
potentially conflicting objectives is needed. In an 
effort to address this, an adaptive management 
(AM) approach is being undertaken (Walters 
1986). There are four essential elements to an 
adaptive management approach: 1) well defined 
and mutually agreed upon objectives, 2) clearly 
articulated management actions and strategies, 
3) a model, or competing models, describing the 
dynamics of the system being managed, and 4) a 
monitoring program to quantify system response 
to management and allow estimation of the 
difference between the observed and predicted 
(from the model or models) system response. A 
fifth component, optimal decision making, is also 
included in some AM efforts. The AM approach is 
‘adaptive’ because learning through management 
experiments (management actions implemented 
to change the state of the system) occurs. In 
single-model AM projects the learning results in 
better estimates of the effects included in the 
model, i.e., there is less uncertainty about how 
the system will respond to management actions. 
In multiple-model AM project learning occurs 
through the competition of models in the model 
set. Each model provides a representation of a 
competing idea (hypothesis) about how the 
system works. The model that best predicts 
system response to management provides 
support that the hypothesis it represents is a 
better description of the system than the other 
hypotheses, reducing uncertainty about the 
system being managed.    
 
Uncertainty abounds in wildlife conservation and 
management.  For example, how survival and 
distribution of bison and elk will respond to 
different management actions is only modestly 
predictable. Similarly, what number of elk and 
bison the area can support based on desired 

conditions is largely unknown, and likely varies in 
response to environmental variation (e.g., 
weather, habitat heterogeneity). These types of 
uncertainty are often referred to as process 
error, i.e., imperfect knowledge of the biological 
system being managed. A second type of 
uncertainty is related to our inability to conduct a 
complete census of a population, i.e., partial 
observability (Williams 1997). This is sampling 
variation associated with wildlife monitoring, also 
commonly referred to as observation error 
(Hilborn and Mangel 1997). Process and 
observational error create uncertainty that limits 
a manager’s ability to make informed 
management decisions.  
 
The Bison and Elk AM plan will embrace existing 
uncertainty regarding drivers of bison and elk 
wintering abundance and distribution, and 
survival, in the Jackson Hole area and on the 
National Elk Refuge (NER), provide further 
understanding of important limiting factors, and 
help guide management actions toward those 
that will have the most direct benefit to achieving 
stated goals and objectives. The Bison and Elk 
Management Plan (BEMP; USFWS and USNPS 
2007a) provides goals, objectives, and strategies 
related to bison and elk population in the Jackson 
Hole area and within the NER. The AM plan is an 
extension of the BEMP, providing an adaptive 
management framework to achieve the goals and 
objectives of the BEMP. Therefore, the AM plan is 
considered a step-down plan to the BEMP and 
utilizes the goals and objectives within the BEMP. 
Strategies from the BEMP were incorporated into 
additional strategies considered during the 
development of the AM plan. The AM plan and 
associated efforts is an opportunity to collectively 
learn from ongoing work to manage elk and bison 
in the Jackson Hole area. 
 
The BEMP contains four goals (Fig. 1) and 20 
associated objectives (Appendix I). Completion of 
an AM plan to manage bison and elk populations 
is specific to the Sustainable Populations BEMP 
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goal (Fig. 2). The Sustainable Populations BEMP 
goal outlines ‘a phased approach to reducing the 

number of animals on [supplementary winter] 
feed’ while achieving 1) Wyoming Game and Fish 
Department (WGFD) population objectives for 
the Jackson Elk Herd (JEH) and 2) an elk sex ratio 
in Grand Teton National Park (GTNP) of 35 bulls 
for every 100 cows. The first phase sets initial 
population objectives at 5000 elk on winter feed. 
The second phase calls for elk populations that 
are adaptively managed to “achieve desired 
conditions, with animals relying predominantly 
on native habitat and cultivated forage”. The 
bison population objective of 500 animals post-
hunting season was determined based largely on 
maintaining genetic heterozygosity while 

minimizing other conflicts (USFWS and USNPS 
2007a). Unlike the second phase elk objective, 

the bison objective is independent of additional 
criteria defined as desired conditions.  
 
Desired conditions on the NER relate to six 
criteria to be considered as triggers for 
management actions for ‘progressively 
transitioning from intensive supplemental winter 
feeding to greater reliance on free-standing 
forage’. These considerations are: 1) Level of 
forage production and availability on the National 
Elk Refuge, 2) Desired herd size and ratios, 3) 
Effective mitigation of bison-elk-cattle mingling 
on private lands, 4) Winter distribution patterns 
of elk and bison, 5) Prevalence of brucellosis, 

 

Figure 1.[in Introduction/BEMP section] Hierarchical relationship among the vision, fundamental 
objectives and Phase 1 objective for elk and bison in the Bison and Elk Management Plan (USFWS and 
USNPS 2007a). The Phase 2 wintering elk population objective the National Elk Refuge (NER) is ‘to 
adaptively manage …elk populations with animals relying predominantly on native habitat and 
cultivated forage’. The NER winter elk population objective is a sub-objective of the Jackson elk herd 
(JEH). 
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chronic wasting disease, and other wildlife 
diseases, and 6) Public support. For example, 
forage production desired conditions are 
articulated in the Habitat Conservation objective 
of the BEMP; the current trigger for starting 
supplemental winter feeding is based on 
available forage (see below). Desired herd sizes 
and ratios are similarly defined in the BEMP (e.g. 
Phase 1 NER wintering elk objective of 5000, see 
above), however a significant component of the 
adaptive management plan is determining the 
number of wintering elk the NER can support 
while achieving the other desired conditions.  
 
Accomplishing the objectives identified within 
the BEMP using management actions available to 
the NER, WGFD, GTNP, and Bridger-Teton 
National Forest (BTNF) is the intent of this plan. 
The working group created a problem statement 

to articulate the connection among the decision 
framework, objectives, actions, and predicted 
outcomes:   

 
The adaptive management plan identifies actions 
(include reference to BEMP) for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage while maintaining population and herd 
ratio objectives. The primary actions available to 
achieve BEMP objectives include the 1) timing of 
winter feeding, 2) timing of hunting, and 3) 
harvest levels that can be implemented annually 
to encourage greater use of native range and 
cultivated free-standing forage. Management 
actions will incorporate those that 
simultaneously minimizing disease prevalence, 
maintain public support and minimizing 

 

Figure 2. Hierarchical relationship among the Sustainable Populations goal, the objective for a 
phased approach to reducing the number of animals on feed, and the six considerations for the 
adaptive management plan vision, as defined in the Bison and Elk Management Plan (USFWS and 
USNPS 2007a). Phase 1 and Phase 2 population objectives for elk on the National Elk Refuge and 
bison in the Jackson Hole area are shown in relation to the desired herd size consideration. 
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comingling of elk and bison with cattle on private 
land.  
 
The Phase I objective of 5000 elk appears to have 
originated from Hobbs et al. (2003). This report, 
based on three simulation exercises, concluded 
that “in average SWE [snow-water equivalent] 
winters with average pre-winter precipitation and 
500 bison, roughly 16,000 elk can find forage on 
the Greater Teton Ecosystem without incurring 
forage deficits and roughly 5,000 elk can find 
forage on the NER without incurring deficits.” 
Hobbs et al. (2003) do not explicitly define winter 
in the report, but appendix B of the report 
describes the ‘entire winter’ as ‘roughly 
November 1st to July 1st’. Presumably the 
numbers given in the report represent the 
number present throughout the winter period, 
although this is not explicitly stated. It is 
important to note that elk use stored energy 
reserves during winter, so incurring a forage 
deficit does not imply an immediate threat 
(Hobbs 1989, Cook 2002).  
 
The number of elk on winter feed on the NER and 
bison in the Jackson Bison Herd (JBH) currently 
exceeds the Phase 1 objective from the existing 
BEMP (Fig. 1) (USFWS and USNPS 2007a). The 
JEH, which includes elk wintering on the NER, is 
within WGFD objective, while the JBH population 
is above objective. Therefore the primary issues 
for reaching Phase 1 population objectives are 
related to 1) distribution of elk during winter, and 
2) abundance of bison.  

Population of Interest 

A succinct and precise definition of the 
populations of interest is essential for developing 
models of system dynamics and appropriate 
monitoring, and determining if objectives are 
being met. Bison and elk populations of interest 
differ slightly in definition as stated in the BEMP 
objectives. The bison objective is for the post-
hunt population within the Jackson Hole area 
(the Jackson Bison Herd [JBH]), inclusive of the 
NER. Conversely, the elk population objective for 
the NER is specific to the number of animals on 
feed at the refuge, and is a sub-objective within 
the broader Jackson Elk Herd (JEH) (Fig. 2) post-
hunt objective set by the Wyoming Game and 
Fish Commission (a governor-appointed policy-
making board). Elk herd unit boundaries are 
determined by the WGFD and represent 
population boundaries where there is an 
estimated annual interchange with surrounding 
herds of <10% (Emmerich et al. 2007).  
Approximately 65% of the JEH winters on the NER 
based on February classification counts (see 
below for definition of classification counts; 
USFWS & WGFD unpubl. data). The Jackson bison 
herd primarily winters on the NER (~90%), but 
range much further during the rest of the year 
(USFWS & WGFD unpubl. data). Geographic 
range of bison, figure, etc. It would be best to 
include a single figure that delineates the JEH 
and bison population. Eric has the shapefiles to 
update the figure. 
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Determining if the BEMP population objectives 
are being met requires periodic estimates of the 
populations of interest. There are two 
components to the population objectives that 

need to be considered — where animals are and 
when they are there.  The BEMP bison population 
objective is the same for the JBH as it is for the 
NER, i.e., there is not a sub-objective specific to 
the Refuge as there is for elk. Moreover, the 

 

Figure 2.  Jackson Elk Herd unit boundary, including the National Elk Refuge and Grand Teton and 
Yellowstone National Parks. INCLUDE BISON RANGE IN THIS FIGURE. 
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bison population objective is less temporally 
specific than that for elk, the former being an 
annual post-hunt population objective and the 
latter being defined based on the number of 
animals on feed. This aspect of the elk objective 
increases the difficulty in estimating the 
population of interest due to movements of 
animals into and out of feedgrounds during 
winter feeding. More importantly, the amount of 
time elk are on feed varies among years.   

 

While not explicitly stated, the BEMP was written 
with an assumption that annual classification 
counts were to be used as the metric to 
determine if population objectives were being 
met, i.e., as a proxy for the number of elk on feed 
at the NER. Classification counts are a 
coordinated census of the JBH and JEH, 
collaboratively undertaken during early February 
by WGFD and the NER and GTNP. These counts 
are undertaken during a single survey period and 
do not necessarily represent either peak or 
cumulative abundance (i.e., the greatest number 
of animals present on a single day during a 
winter, or the sum total of animals present 
throughout a winter, respectively) of bison or elk 
on feed. Elk and bison are enumerated by age 
and sex classes, providing population class 
structure information as well as overall 
abundance. Elk classes recorded during the 
classification count are calf, cow (includes 
yearlings), spike bull, and mature bull; bison 
classes are calf, yearling cow, yearling bull, adult 
cow, adult bull. A 5-10% difference typically exists 
between the classification count estimate and 
the daily number of elk on feed during peak 
abundance. Peak elk abundance on the NER 
during 2007–2013 occurred late February 
through the first week of March (USFWS 
unpublish. feedline data) (Fig. 3). Proposed 
changes to a less conservative feeding program 
that would result in a later initiation of winter 
feeding (see Development of Alternative 
Management Actions and Strategies below) 
could increase the difference between when the 
classification count is conducted and peak 
numbers of elk on feed. A less conservative 

feeding program could also result in initiation of 
feeding on the NER after the classification count 
has been completed in some years. Lastly, the 
classification count may be replaced in the near 
future by survey (i.e., not a census) methodology 
used elsewhere in the state by WGFD for 
estimating elk abundance. The new survey 
methodology may not provide suitable NER-
specific estimates of elk abundance for 
determining if Refuge population objectives are 
being met.  

 

Beyond logistical or methodological 
considerations, a single elk population estimate 
in time would not adequately capture the 
dynamic nature of elk abundance in relation to 
winter feeding on the NER. For example, 5000 elk 
on winter feed (the current BEMP Phase 1 
objective) for three months would likely have a 
greater impact on NER habitats than 5000 elk on 
feed for a single month. The BEMP Phase 1 elk 
population objective is not defined by time, 
leaving it open for interpretation whether the 
objective was intended as a mean number of 
animals fed during a winter, a maximum number 
fed, or a cumulative number fed. To address this 
issue while staying within the implied intent of 
the BEMP, we chose elk-fed days (EFD; the 
cumulative number of elk fed during a feeding 
season) as the metric for determining if the elk 
population objective is being met. This number 
combines both the spatial and temporal aspect of 
animals on the NER, providing better accounting 
of potential effects than a single classification 
count. It is also believed that this is more 
consistent with winter carrying-capacity 
projections estimated in Hobbs et al. (2003). The 
Phase I objective of 5000 elk on feed is defined 
relative to elk-fed days as  

 

𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑑𝑑 ∗ 5000 elk, 

 

where d is the mean number of days of feeding 
from 1995–2007 (64 days [SD = 22]). This time 
span was selected to maintain consistency with 
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the data used in developing the BEMP. The 
benchmark historical value is then 320,000 EFD. 
Bison-fed days (BFD) can similarly be calculated 
as 31,500 BFD for bison using d = 63 days (SD = 
22) and the bison population objective of 500 
animals. This latter value provides an important 

historical perspective on winter feeding of bison 
and can assist in determining efficacy of 
management actions toward accomplishing the 
bison objective; post-hunt bison abundance will 
be the definitive number used for determining if 
the bison population objective is being met.  

 

Development of Alternative Management Actions and Strategies
Alternative management actions were identified 
during a meeting of stakeholders at the NER 22 
May 2013. Alternative actions, and constraints, 
were developed for the NER winter elk 
population and the JBH. A series of further 
meetings (25 July, 20 August, 12 September, 23 
October, and 13 November 2013, and 22 January, 
24 February, and 7 April 2014) were held to 
create management strategies, i.e., collections of 
actions that form complete and comparable 
alternatives (Gregory et al. 2012).  

 

Reference case—It is helpful to identify a 
reference alternative that captures the recent 
and ongoing management actions that have led 
to the current state of the system for comparing 
with new alternatives that are developed. 
Ongoing management actions include winter 
feeding, irrigation, harvest, and hazing.  

 

Population Objectives. Big game population 
objectives in Wyoming are established by the 
WGFD and their commission, and evaluated and 
updated at least every five years. Objectives 
represent the preferred number of animals 
during winter within a herd unit (e.g., the Jackson 
Elk Herd) and are determined based upon 
multiple factors, including 1) available habitat to 
support the defined population, 2) hunting 
access, and 3) tolerance for wildlife on private 
lands by landowners (Tassell et al. 1995). Public 
input on proposed population objectives is 
obtained during public hearings held by WGFD. 
After public input the hearings the proposed 
population objectives are presentedsent to the 
Wyoming Game and Fish Commission for review 

and approval. The NER, GTNP, and Bridger-Teton 
National Forest (BTNF) have regularly 
participated in WGFD big game population 
objective reviews of population objectives for 
both and revision processes in the past for both 
the JEH and JBH. These federal agencies will 
continue to participate in objective setting for the 
JEH and JBH populations. 

 

Winter Feeding.  The current JEH winter feeding 
program includes two groups of feedgrounds – 
one on, and managed by, the NER, and the 
second managed by WGFD. The latter are the 
Alkali, Fish Creek, and Patrol Cabin feedgrounds, 
collectively known as the Gros Ventre 
feedgrounds, located on BTNF lands. Initiation of 
feeding is currently conservative, i.e., has the 
primary objectives of minimizing elk 1) winter 
mortality of the most susceptible group, calves, 
and 2) comingling issues with cattle on adjacent 
private lands. Winter feeding begins when 
available forage reaches approximately 300 lbs 
acre-1 at key index sites. Available winter forage 
for elk and bison on the NER is largely 
determined by snow conditions, rate of forage 
consumption during fall and winter, and biomass 
of forage produced during the previous growing 
season.  

 

Forage biomass (metric tons) is correlated with 
the amount of precipitation (mm) during May–
August (𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 50.31, R2 = 0.91; 1995 and 
1998–2006, NER unpubl. data), and secondarily 
affected by the number of irrigated acres.  
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
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2013, and in recent years irrigation of 
approximately 3,600 acres has increased forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone. Estimation of forage biomass 
is done annually based on sampling at index sites. 
Index sites are selected subjectively each year 
based on presence of vegetation highly palatable 
to elk such as naturally sub-irrigated wet 
meadows, irrigated areas with significant green 
vegetation, and in years with adequate late 
summer/early fall precipitation, native dry 
grassland plant communities with basal green up.  

 

During 1995–2013, mean initiation of winter 
feeding on the NER was 28 January, ranging from 
30 December to 28 February. Mean termination 
of winter feeding during this same period was 3 
April, ranging from 20 March to 20 April. 
Initiation and termination dates vary widely 
based on winter conditions. Excluding years in 
which feeding did not occur, mean initiation and 
termination dates for winter feeding during 
1976–2013 at the Gros Ventre feedgrounds 
occurred during the second week of January and 
first week of April, respectively (Table 1). This 
resulted in approximately 3 months of feeding 
each year.  

 

Winter feeding coordination between the NER 
and WGFD occurs annually. Feeding in the Gros 
Ventre feedgrounds is targeted specifically to 
assist in keeping animals from moving to the NER; 
for example, animals are more likely to move to 
the NER if feeding is occurring there and not at 
the Gros Ventre feedgrounds, where the opposite 
up-slope migration is less likely. Termination of 
feeding at feedgrounds needs to be coordinated 
so animals moving to the NER after feeding ends 
on the Gros Ventre feedgrounds do not remain at 
the refuge. This coordination will continue 
regardless of the management strategy 
employed.  

 

Bison are fed as necessary to ensure elk are 
adequately fed. Bison out-compete elk for forage 
resources, so the typical strategy is to keep bison 
at the northernmost NER feedground (McBride) 
by feeding them prior to feeding elk. Bison are 
fed separately from elk and are given a ration 
adequate to ensure they do not move to elk 
feeding areas. This also influences distribution of 
bison in the winter, reducing conflict associated 
with bison moving into 1) Jackson, and 2) the 
Nowlin unit of the NER where commercial sleigh 
rides occur.  

Elk Harvest. Total harvest of the JEH was reduced 
over the last decade as the population objective 
was reached (Fig. 4). Elk hunting on the NER 
(Hunt Area 77) typically begins in mid-October 
and ends in mid-December, with peak harvest in 
recent years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56) hunters harvested 161 (SD = 38) elk per 
year during the NER hunt.  

Associated with harvest on the NER, “tag and 
drag” is a retrieval service currently provided by 
two licensed outfitters. They are also licensed to 
guide on the NER. This program will continue 
regardless of the management strategy 
employed.   

 

Table 1. Winter feeding mean initiation and 
termination dates and total days for the Gros 
Ventre feedgrounds managed by Wyoming 
Game and Fish Department. Standard 
deviations are provided parenthetically. 

Feedground Initiation Date 

Alkali 10 January (18.8) 
Fish Creek 9 January (12.3) 

Patrol Cabin 11 January (13.5) 
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Elk Hazing. Hazing of elk is currently only 
undertaken in spring to encourage elk (and bison) 
to move off of the NER. Attempts at post-
hunting/pre-feeding hazing of elk to the north 
part of the refuge occurred (e.g., 2005–2006), but 
were largely ineffective with elk generally 
returning the following day to the south end of 
the NER. These efforts included hazing using 
ATVs, on foot, and on horseback. Reducing spring 
hazing to increase early-season harvest was 
considered as a potential action but not included 
due to 1) the perception that the loss of forage 
on the Refuge by resident elk during summer 
would offset gains due to increased harvest, 2) 
presence of wolves on the northern end of the 
Refuge may preclude the desired response of 
reduced hazing to keep elk on the north end of 
the Refuge, and 3) recently observed aspen 
recovery could be reduced if elk use increased on 
the north end of the Refuge.  

 

Private Lands Fencing.  Fencing of hay stacks and 
livestock feedline areas has historically been used 
to mitigate conflict on private lands. Fencing as 
mitigation on private land will continue in a 
targeted fashion. For example, a proposed 
mitigation in the Horse Creek area would involve 
a land trade with a private landowner to move 
livestock winter feeding operations off of a south 
facing slope that is a movement corridor for elk. 
Fencing three sides of the private land would 
separate the corridor from the livestock feedline. 
Targeted fencing of golf course greens and sand 
traps fall through spring has been successful in 
some situations for mitigating elk and bison 
presence in these areas. It is important to note 
that the county has a ‘wildlife-friendly’ fence 
policy and does not support fencing impermeable 
to wildlife. 

 

Winter Elk Numbers and Distribution. The 
outcome of the reference case described above 

 

Figure 4. Jackson elk herd estimated harvest, 2002–2011. 
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for elk abundance and distribution during winter 
in the JEH is shown in table 2. Population 
objectives for the two feedground complexes are 
provided, as are annual elk abundances as 
measured during the classification count. The 
data presented in table 2 demonstrate the 
potential for reaching the Phase 1 NER winter elk 
population objective of 5,000 while remaining 
within the JEH objective of 11,000 (±10%). 

 

Bison Herd Growth. Bison numbers grew 
exponentially from the 1970s until recently, 
peaking at 1059 animals in 2007 (Fig. 5). Recent 
declines in the number of bison are largely 
attributable to increased hunter harvest on the 
NER.  

Bison Hunting/Herd Regulation.  Bison hunting 
begins on August 15 and ends in early to mid-
January; no bison hunting is allowed in GTNP, 
resulting in bison often staying in the park during 
the hunting season with only occasional 
movements onto the NER until severe winter 
conditions occur. Given this situation, harvest 
management balances extending the hunt as late 
in January as practicable without conflicting with 
winter feeding. The dynamic nature of winter 
conditions makes this unpredictable, and results 
in the use of emergency bison season extensions 
or reductions. For example, an emergency 
extension of the season (no later than 31 

January) could occur if mild winter conditions 
precluded desired harvest levels earlier in the 
season. Conversely, an emergency closure may 
be necessary if winter weather conditions require 
feeding to commence before the predetermined 
season end date. 

 
Most bison harvest occurs on the NER, with some 
additional harvest on private and BTNF lands.  
Since the initiation of the bison hunt in 2007, 
mean harvest has been 210 (SD = 45.5) bison per 
year.  This level of harvest has been sufficient to 
arrest the exponential growth of the population, 
reducing bison numbers from the peak in 2007 to 
855 animals in 2013 (Fig 5). Licensing changes for 
hunting Jackson Hole bison were enacted in 2014 
to increase harvest, especially of bison females.  
These included a reduction in the bison 
female/calf license fee (from $416 to $263 for 
residents and from $2522 to $1022 for non-
residents) and eliminating the once-in-a-lifetime 
restriction on a successful bison hunter to only 
those that successfully harvested a bull. Tribal 
bison harvest is currently defined in the BEMP to 
permit up to five animals for ceremonial 
purposes; tribal harvest generally occurs outside 
of the state bison season. Translocation of bison 
to tribal lands outside of Teton County is not 
currently permitted due to brucellosis concerns.  

 

 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2013, relative to the current objective. 

  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range1 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 
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Bison Hazing.  Some bBison would likely occupy 
the Refuge year-round without management 
intervention, but as a result of hazing by refuge 
staff and disturbance by hunters, peak bison 
activity on the NER occurs January–April each 
year.  If bison fail to leave the NER following the 
cessation of supplemental feeding they are 
typically hazed off the Refuge using all-terrain 
vehicles (ATVs) in late April to early May.  Hazing 
moves bison to GTNP, where they generally 

remain until mid-July. From July to early August 
bison that return to the NER are hazed back to 
GTNP to protect winter forage for elk during the 
winter months. Hazing efforts in August cease 
within several days to weeks of the bison season 
in an effort to increase hunter harvest.  

 

National Elk Refuge 

 

Figure 5. Bison winter population in the Jackson Hole area, 1970–2013.  
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Alternative management actions identified for 

Table 3. National Elk Refuge winter elk population strategy table for identifying alternative management 
action strategies. Ongoing management actions that will be continued regardless of strategy selected are 
not included in the table; descriptions can be found in the ‘Reference case’ description within the text. 

  

Reference 
Case 

NER-
focused 

Southern herd 
segment 
mngmnt 

Late 
Season 
Harvest 

Winter feeding management  
   No change X 
 

X X 
Less conservative (NER)  X 

  Population management  
   No change X 
   Increase harvest objectives in Hunt 

Areas 77 & 78  
 

X 
 Late-season refuge hunt (Hunt Area 77)  X X X 

Coordinated late-season hunt (Hunt 
Areas 75, 77, 78, 80)    X 
Extend open period on Forest Service  

  
X 

Fertility control (Hunt Area 78 & GTNP 
South)  

 
X 

 Hunt Area 78 Hunter management 
program   X  

Habitat improvements  
   No change X 
   Fire management on NER and adjacent 

public land  X X X 
Private lands mitigation  

   No change X 
   Incentivize steer operations  X 

  Non-traditional landuse mitigation   X  
Public education/outreach (EO)  

   No change X 
   Increase public EO (including local 

elected officials)  X X X 
Increase landowner EO  X X 

 Increase sportsmen & agency EO   X  
Increase WGFD Commission EO  X X X 

Monitoring X 
   No change  X X 

 Increase  
   Enforcement  
   No change X 
   Minor increase  X X  

Major Increase  
  

X 
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meeting the NER winter elk population objective 
can be grouped into four categories, including 1) 
winter feeding management (both on and off the 
NER), 2) population management (harvest, 
culling, and fertility control), 3) habitat 
improvements (on and adjacent to the NER), and 
4) mitigating private lands conflicts 
(leases/easements, incentives, fencing) (Table 3). 
The latter represent sequenced alternatives that 
would be necessary to implement due to 
wintering elk dispersing onto private lands 
adjacent to the NER in response to other 
management actions taken. A fifth group of 
alternatives associated with increasing public 
awareness (including local elected officials, e.g., 
county commissioners) of ‘natural’ levels of elk 
winter mortality were included after the meeting. 
These actions represent acknowledgement that 
the current feeding program results in reduced 
winter mortality, perhaps exacerbating already 
low public tolerance to increased winter 
mortality, whether episodic or perennial in 
nature. This group was expanded to include more 
targeted education and outreach efforts for 
landowners, sportsmen and agencies, and the 
WGFD Commission, depending on the strategy.  
Lastly, a group for each of monitoring and 
enforcement were included to allow proper 
accounting of projected costs associated with 
each management action strategy.   

 

Winter feeding management—Management of 
winter feeding is a primary driver of elk 
distribution, and to a lesser extent abundance, in 
the Jackson Hole area. Historically, Ffeeding on 
the NER has beenis initiated each year based on a 
series of factors, including the amount of forage 
on the NER, number of elk present, and snow 
conditions. Initiation of feeding is currently 
conservative (see Reference case, pg 5). A less 
conservative approach would result in later 
initiation of feeding, therefore potentially 
increasing winter calf mortality and comingling. 
Including agronomic grassland plant communities 
without significant green vegetation and/or 
reducing the available forage threshold would 
result in a less conservative winter feeding 

program. Per capita ration levels would not 
change from the current level.   

 

Implementing a less conservative feeding 
program could result in very limited, or no, 
feeding given certain winter conditions. However, 
the criteria for a less conservative feeding 
program would not be such that it could be 
construed as ‘emergency feeding’, i.e., feeding 
only to preclude a catastrophic mortality event. 
Colorado, Idaho, and Utah provide examples of 
states that have emergency feeding policies. 
Existing evidence suggests that emergency 
feeding is not very effective (see review in 
Putman and Staines 2004). Moreover, the current 
feeding regime has been developed for non-
emergency situations; a review of current rations 
and pellet composition would be necessary to 
adjust the program for emergency feeding.  

 

Population management—Hunter harvest is the 
primary tool employed for population 
management of elk and bison in Wyoming. 
Increased harvest objectives on/near the NER 
would target the southern segment (Hunt Areas 
77 & 78), which is currently more productive (i.e., 
higher cow-calf ratios) than other JEH segments. 
Doing this would help achieve JEH objective while 
minimizing harvest on migratory segments. In 
order to track hunter harvest there would need 
to be an increase in monitoring, e.g., hunter self-
registration.         

 

Elk hunting on the NER currently ends mid-
December. Offering a late-season hunt (after 15 
December) would assist in deterring elk from 
moving onto the refuge. Without coordinated 
hunts in adjacent units (Hunt Areas 75 [GTNP], 78 
and 80), and extended open access on BTNF 
lands in Hunt Area 80, the NER hunt would likely 
be ineffective in also significantly increasing 
harvest. Late-season harvest in Hunt Area 80 
would include migratory Yellowstone elk, a 
declining herd segment of conservation concern. 
These proposed coordinated efforts would need 
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to be approved by the Commission, BTNF, and 
GTNP.  

 

Fertility control was considered and rejected in 
the 2007 BEMP, so therefore could not be 
undertaken on federal lands without vetting in 
the NEPA process. Moreover, this action would 
need approval by the WGFD Commission prior to 
the state undertaking fertility control on private 
lands in collaboration with landowners in Hunt 
Area 78 and Grand Teton NP South would occur 
during summer on private lands. Research 
completed since signing of the BEMP indicates 
fertility control may be more tractable now than 
when it was considered during preparation of the 
BEMP. Killian et al. (2009) demonstrated 
effectiveness of GonaCon™, a gonadotropin-
releasing hormone vaccine, in female elk. Dart-
delivered 2 ml doses of 1000 μg GonaCon™ 
resulted in nearly complete infertility of females 
treated in September. Much of the early research 
on this immunocontraceptive vaccine was for use 
in white-tailed deer, with regulatory approval of 
GonaCon™ for use in female white-tailed deer by 
the U.S. Environmental Protection Agency 
granted in 2010. There are no known dangers to 
humans or wildlife from eating animals that have 
been treated with GonaCon™. 

 

Most of the observed increase in segment 
population has occurred in the largely non-
migratory Hunt Area 78 / Grand Teton NP south 
segment. Increased harvest in this segment 
would help address a number of issues, in 
addition to assisting in reaching Phase I objective. 
Harvest is nearly as liberal as possible at this 
time; the greatest limitation is hunter 
opportunity in residentially-developed areas. Elk 
use in those areas is increasing, necessitating 
continued collaboration with homeowner 
associations to improve hunter access within 
residential developments. Many associations 
have covenants that exclude firearms, but 
archery may be an option where firearms are 
excluded. There is also a growing constituency for 
trophy bulls in these areas.  

 

A hunter management program for Hunt Area 78 
would coordinate private land access through a 
hunt manager as liaison to private landowners. 
This program would be modeled after similar 
programs in Montana, as well as several in 
Wyoming (Meteetse, Laramie Peaks, etc.).    

 

Habitat Improvements. Habitat improvements 
discussed so far have focused on fire treatments 
on range adjacent to the NER to increase 
attractiveness of these areas to wintering elk. 
Opportunities exist for managed fire in certain 
areas, but opportunities for prescribed fire are 
limited. Fire treatments in lynx habitat would not 
be possible, therefore it would be necessary to 
determine if a conifer stand was suitable lynx 
habitat as based on tree cover. Conversely, areas 
within sage grouse core habitat (i.e., within a 4 
mile radius of a lek) have a 5% disturbance cap 
that would similarly preclude fire treatment. 
Areas mapped as wildland urban interface (WUI) 
are available for treatment, but treatments need 
to be defined as a fuels reduction.  

 

There is potential to have fire management areas 
on the refuge, but the conflict with sage grouse 
on the northern portion of the NER, which is 
identified as sage grouse core habitat, would 
need to be addressed. The plan will therefore 
include prescribed fire even if it isn’t a primary 
tool. These changes would represent a small, 
ephemeral gain at best in changes to habitat that 
may result in more elk wintering outside of the 
NER. Wildland fire use (i.e., wildfire to meet 
resource objectives) is authorized forest-wide in 
the BTNF. Much of the BTNF adjacent to the NER 
is within the Gros Ventre Wilderness, which is 
managed to allow “natural processes of 
ecological change to operate freely. The number, 
size and intensity of fires [are managed to] 
approximate the natural fire regime” (USFS 
2013). Benefits from wildland fire use on adjacent 
national forest lands are therefore opportunistic 
in nature. 
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Private lands mitigation—Easements and leases 
have been proposed as a means to minimize 
livestock and elk conflict related to brucellosis. 
Easements would incentivize steer operations by 
purchasing from willing sellers the right to have 
cow/calf pairs. Easements should also consider all 
winter feeding of livestock (e.g., horses), certain 
agricultural crops that are attractants to elk (e.g., 
irrigated hay), as well as hunting access. These 
easements would be purchased and enforced 
through agencies and local land trusts. Leases in 
the Spring Gulch area are not a suitable solution 
due to the current level of development; may be 
an option in Buffalo Valley assuming the weather 
allows animals to winter there. Leases/easements 
would need to include a statement that the 
individual would forfeit their right to make a 
depredation claim to WGFD.  

 

Non-traditional landuse mitigation would differ 
from that described above for traditional 
landuses. For example, the Jackson Hole 
Conservation Alliance is working with subdivision 
landowners to install landscaping that is less 
attractive, and more resistant, to elk and deer. 
Similarly, WGFD assesses subdivisions to identify 
issues for mitigation, and provides input to real 
estate developers and in county planning 
documents. Also, targeted hazing in subdivisions 
and golf courses is ongoing and will continue on 
an as-needed basis. 

 

Public education/outreach—Each partner agency 
will have the opportunity to become involved in 
the planning and execution of education and 
outreach (EO) efforts. Increased public EO efforts 
will be undertaken regardless of the strategy 
selected. These efforts will include increasing 
public awareness of, and tolerance for, natural 
levels of winter mortality in elk. This would be 
accomplished through local news releases and 
radio announcements, training for sleigh-ride 
contractors that includes information on winter 
mortality in unfed populations of elk, etc. Regular 
updates on the planning process and progress 

towards meeting objectives set out in the BEMP 
will also be provided to the public through NER 
media outlets. County Commissions will be 
included in public EO efforts to make sure they 
are aware, and supportive, of the agencies’ 
efforts.  

 

Landowner EO would differ between those 
engaged in more traditional agricultural landuse 
(i.e., ranching) and non-traditional landusers (i.e., 

Table 4. Management constraints identified for the National Elk Refuge wintering elk population 
objective. 

Policy constraints 

Hunt end date (Feb. 1st) 

Carcass disposal (Feb. 15th)  

Commission structure (WGFD) 

Forest Service access (Dec. 1st closure) 

Easement limitation (NER boundary) 

2007 EIS (rejected fertility control and test and slaughter; limits tribal harvest) 

Social constraints 

Hunter numbers 

Winter mortality (social acceptance) 

Public safety (ungulate/vehicle collisions) 

Disease (cattle commingling) 

Land-use conflicts (agricultural and residential) 

Biological constraints 

Disease 

Sage grouse habitat conflicts 

Fencing/wildlife conflicts 

Migratory segment (maintain summer distribution goals) 

Funding constraints 

Easements 

Fencing 

Fertility control 
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residential developments, golf courses). The 
decision to change a livestock operation from 
cow/calf to steers (non-breeding) is a major 
decision.  It is not expected that ranchers would 
respond to an article in the paper, news story on 
the radio or even a letter.  This kind of effort will 
require primarily one-on-one interactions with an 
individual that has built relationships and trust 
within the community. This would require a 
private lands biologist to work with private 
landowners in the area. The position could be a 
shared position among agencies. Conversely, EO 
focused on homeowners in exurban 
developments will focus more on meetings with 
homeowners’ associations, residential 
developers, etc., to provide information 
regarding living with wildlife, wildlife 
management and conservation, etc. All agencies 
will need to collaborate in initial efforts to reach 
key landowners and homeowner associations to 
convey the objectives and primary issues involved 
in managing elk and bison in Jackson Hole, as well 
as to express the importance of their involvement 
in the process. WFGD is currently doing this in 
some areas, e.g., Hunt Area 78.  

Sportsmen EO would include meetings with local 
and regional sportsmen’s clubs and ideally 
articles in club magazines, Wyoming Outdoors, 
etc.  General newspaper articles could also help 
disseminate information. This could be largely 
accomplished with existing staff.  

 

Agency EO is happening to some degree through 
AMP meetings.  It would be helpful to focus on 
two different groups; field staff and Regional 
Office managers.  Field staff are instrumental in 
achieving management actions on the ground, 
but also support changing public opinion in the 
local area through their personal interactions 
outside of work.  Regional office EO is essential in 
building the necessary support to obtain project 
resources and have support when controversies 
are elevated to their level.    

 

WGFD Commissioner EO will require personal 
contacts coordinated with WGFD.  Top priority 

will be the commissioner for this area and 
perhaps others.  This will include 1) tours of the 
NER and GTNP and 2) a briefing on alternative 
strategies resulting from the AMP. 

 

Monitoring—Draft once strategies are finalized. 

 

Enforcement—Draft once strategies are 
finalized. 

 

Contstraints 

Constraints that were identified for managing 
wintering elk population on the NER were diverse 
and included policy/regulatory, biological, social, 
and funding constraints, and combinations 
thereof (Table 4). The most common constraints 
were policy related (33%), followed by social 
(28%), biological (22%), and funding (17%) 
constraints. Many of the identified constraints 
could be identified in multiple groups; we largely 
identified constraints as belonging to a single 
group to simplify classification.  

 

National Elk Refuge Strategy Narratives 

Management action strategies were divided into 
themes based on the focus of the grouped 
actions within a strategy. For example, the 
National Elk Refuge-Focused strategy targets 
winter elk distribution through management 
actions primarily taken on the refuge. The 
Southern Herd Segment Management strategy is 
a set of actions intended to reduce the number, 
and productivity, of the largely non-migratory elk 
in Hunt Areas 75 and 78 while minimizing the risk 
of harvest to migratory segments of the JEH. The 
Late Season Harvest strategy would increase 
harvest more generally in the JEH through 
coordinated late season hunts, with key caveats 
outlined below. Several actions were identified as 
necessary to continue, or implement, regardless 
of the strategy selected. Those to be continued 
are the 1) intra-seasonal management and 
coordination between the NER and WGFD Gros 
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Ventre feedgrounds, 2) fencing for private lands 
mitigation, and 3) “tag and drag” and guided 
hunts on the NER and GTNP. New actions to be 
implemented across all strategies include 1) a 
late-season refuge hunt, 2) Fire management on 
NER and adjacent public land, 3) increased public 
education and outreach, and 4) increased WGFD 
Commission education and outreach. 

   

National Elk Refuge-Focused Strategy 

The NER-focused strategy is based on altering 
distribution of elk using management actions 
centered primarily on the refuge. This strategy 
implements actions to make the refuge less 
attractive to wintering elk primarily through a 
less conservative winter feeding program and 
initiation of a late-season hunt. This assumes that 
a proportion of elk that winter on the refuge can 
be conditioned to stay on adjacent winter range 
based on decreasing the incentive (later initiation 
of feeding) and increasing the disincentive (late 
season hunt) to moving onto the refuge. 
Incentivizing steer operations on private lands 
would be undertaken to address the increased 
proportion of elk that may winter on adjacent 
private lands. Similarly, education and outreach 
to private landowners is included in this effort to 
increase acceptance of elk wintering on private 
lands adjacent to the NER. Increased 
enforcement on the NER would also be necessary 
due to the addition of the late-season hunt.  

 

Southern Herd Segment Management Strategy 

The southern herd segments (Hunt Area 78 and 
GTNP South) are increasing absolutely and 
proportionally within the JEH. Conversely, 
migratory segments (i.e., elk that summer in 
Yellowstone NP and Gros Ventre Wilderness) of 
the JEH are stable to declining. The Southern 
Herd Segment Management Strategy focuses 
management actions at slowing, or reversing, the 
growth of the southern herd segments. Proposed 
actions include increasing harvest through the 
development of a hunter management program, 
a program that also helps address private lands 

mitigation. Targeted fertility control on private 
land summer range could also be explored by 
WGFD, but would need to go through the proper 
approval process (i.e., WGFD Commission). This 
action was considered and rejected in the BEMP. 
Increased outreach to sportsmen and agencies, 
and landowners, would be undertaken; the 
former is due to the potential for fertility control 
and the latter is for increasing awareness of 
landowners of the efforts to reduce the southern 
herd-segment. Increased harvest is localized by 
this strategy, minimizing the potential impact of 
increased harvest on the migratory segments. 
Increased enforcement on the NER would also be 
necessary due to the addition of the late-season 
hunt. 

 

Late Season Harvest Strategy 

The Late Season Harvest Strategy represents a 
broader, landscape scale approach to achieving 
the Phase I elk objective. A coordinated (i.e., NER, 
WGFD, GTNP, BTNF) late season hunt in Hunt 
Areas 75, 77–78, and 80 would occur. Approval 
would need to be obtained for extending, or 
moving, the current season in GTNP to allow later 
harvest. Lastly, the current December 1st closure 
to protect wintering ungulates in Hunt Area 80 on 
BTNF lands would need to be modified through 
an environmental review process to allow hunter 
access into that area. Currently the JEH could be 
reduced by approximately 1,000 animals before 
being below objective (11,000 ± 10%). A WGFD 
Commission approved reduction in the JEH could 
be investigated if the efforts of this strategy did 
not result in reaching the NER Phase I elk 
objective. An increase in enforcement would be 
necessary if this strategy was implemented.  

 

National Elk Refuge Strategy Consequences 

 

Considered but not included in the 
consequences table (covered in the EIS) – 
average annual private sector revenue; 
altered archeological resources; 
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Table 5. Predicted consequence table for the National Elk Refuge (NER) elk population on feed alternative management action strategies. This 
table is not currently cited in the text  

Objectivea/Decision 
Considerationb Evaluation criteria 

Reference 
Condition 

NER-focused 
Southern herd 

segment mngmnt 
Late season harvest 

Elk-fed daysa Years to reach objective     

Herd segment 
distributionb 

Proportion long-distance migrants     

Financialb 

Average annual additional costs to 
agencies ($000) 

    

Commercial landuse additional 
costs 

    

Socialb 

Sportsman/outfitter support     

Environmental group support     

Commercial landowner support     

Residential landowner support     

Safetyb Animal/vehicle collisions     

aThe identified objective from the BEMP Phase I for this table is 5000 elk on winter feed at the NER, which has been converted to elk-fed days 
(see Population of Interest above). 
bAdditional decision considerations and evaluation criteria were identified by the working group for comparison among strategies. 
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 Bison 

Alternative management actions for bison on the 
NER and adjacent areas included several 
developed for the NER wintering elk population 
objective in addition to those solely developed 
for bison (Table 6). Most of the actions identified 
were related to bison harvest in an effort to 
influence hunter access or success.  

 

Population management—Hunter harvest of 
bison since 2007 has led to an appreciable 
reduction in the population (Fig. 5). Further 
efforts to increase hunter harvest are intended to 
reduce the number of years necessary to reach 
the bison population objective. Most of the 
actions identified are related to increasing 
opportunity and success at the existing level of 

Table 6. Bison population strategy table for identifying alternative management action strategies.  

  

Reference 
Case 

Hunter 
Harvest 

Alternative 
Reduction 

Actions 
Population management 

   No change X 
  

Improve late-season access to north end 
of NER for hunting and carcass retrieval  

X X 

Parking lot origination management 
 

X X 
Alternative reduction actions1   X 

Hazing 
   

No change 
   

Haze bison found south and east of Flat 
and Nowlin creeks  

X X 

Service-accompanied hunters  X X 
Habitat improvements 

   
No change X 

  
Fire management on NER and adjacent 
public land  

X X 

Water source improvements    
Private lands mitigation    

NER south-boundary improvement    
Public education/outreach (EO) 

   
No change X 

  
Increase education and outreach 

 
X X 

Monitoring 
   

No change 
   

Enforcement 
   

No change 
   

Increase 
   

1Beyond the scope of this plan and may require NEPA review. 
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hunter numbers. The current number of hunters 
each year is believed to be a maximum number 
allowable while still providing a quality, and safe, 
hunting experience.   

 

Efforts to improve late-season access to the north 
end of the NER for hunting and carcass removal 
could facilitate increased harvest. Existing 
retrieval roads become impassable late in the 
hunting season due to snow, and can, for 
example, preclude hunters from using the West 
Parking Area or retrieving carcasses on the 
northern portion of the refuge. Keeping these 
roads open may be difficult in heavy snow years, 
requiring a bulldozer in some situations. 
Alternatively, over-the-snow vehicles could be 
considered for carcass retrieval on existing refuge 
roads. Hunter access easements across private 
lands on the northeast corner of the NER will be 
explored as another means of providing access to 
that portion of the refuge for hunting and carcass 
retrieval. 

 

Hunters must originate from a designated parking 
area for hunting bison on the NER. All but one 
designated parking area are within the NER. 
Access to the northwest portion of the NER is via 
a parking area within and managed by GTNP in 
collaboration with the NER. Accessing the refuge 
for hunting from BTNF lands along the eastern 
boundary of the NER was historically not allowed. 
The refuge will continue to manage hunter 
distribution using parking-lot origination in an 
effort to encourage bison to move onto, and 
remain, on the refuge. Hunters with a NER permit 
will also be allowed to access the refuge from 
adjacent BTNF lands.   

 

Continuous review of population management 
actions implemented for reaching the bison 
population objective will be undertaken during 
the life of this plan. If management actions 
outlined in this plan prove ineffective for 
reaching the objective, other actions that fall 
outside the scope of this plan may be considered, 

e.g., agency cull, herd-wide fertility control. Such 
actions may require evaluation as per the NEPA.  

 

Culling of bison is currently not used as a 
population management action. Including an 
agency bison cull as a potential population 
management action in this plan does not imply 
agency approval at this time and would only 
receive further consideration upon meeting 
several criteria. Consideration of an agency cull 
would include meeting National Environmental 
Policy Act (NEPA) requirements. WGFD policy 
prevents elk hunting past January 31st to 
minimize hunter exposure to Brucella abortus 
(the bacteria that causes brucellosis). This policy 
is specific to elk at this time, but the same 
concerns exist for late-season bison harvest. 
Between February 1st–15th WGFD personnel can 
harvest animals and the animals can be donated; 
animals killed after February 15th must be 
disposed of in a landfill.  

 

Herd-wide fertility control of bison was 
considered and rejected in the BEMP. A review of 
fertility control in wildlife, current at the time of 
approval of the BEMP, can be found in Appendix 
B of the final Environmental Impact Statement 
(EIS) (USFWS and USNPS 2007b). Need to gather 
more details on the current state of knowledge 
for this technique – would it be possible to have 
the WGFD vet draft a few sentences, with 
current citations, for this purpose? Seems like 
this would have to occur on the feedline to be 
efficient and effective, which would trigger 
NEPA. Bison primarily occur on federal lands, so 
proposed implementation of this action would 
necessitate following NEPA requirements.  

 

Hazing—Reduction, or elimination, of winter 
feeding will likely result in bison having a broader 
winter distribution in Jackson Hole. This could 
lead to more frequent use of the Nowlin unit by 
bison; the Nowlin unit is where commercial sleigh 
rides are conducted. Moreover, increased bison 
use of the southern portion of the NER beyond 
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the Nowlin unit increases the potential for bison 
to enter the town of Jackson. For public safety 
and to minimize conflict in the Nowlin unit, bison 
will be hazed north if found south of a boundary 
starting at the Twin Creek Subdivision, west along 
Elk Refuge Road to Nowlin Gate, north and west 
along Hunter Retrieval Road 22 (an 
administrative road), north along Hunter 
Retrieval Road 22 to the Refuge Barns, west along 
Nowlin Creek to the confluence of Flat Creek, and 
north along Flat Creek to the northern boundary 
of the Jackson National Fish Hatchery.  

 

Service-accompanied hunters in NER 
management units south of the bison hazing line 
defined above could be used to haze bison north 
of the hazing line.  

 

Habitat improvements—Fire management on 
NER and adjacent public land to increase 
attractiveness for bison would be the same as 
described above for elk (pg X). The objective, 
however, differs in that the purpose of attracting 
and holding bison on the refuge would be 
primarily to increase susceptibility of bison to 
harvest opportunities.  

Water sources on the east side of the NER would 
be modified to increase flow rates, improve bison 
access to water, encourage bison use and 
potentially increase early season 
harvest.  Existing springs known as waterhole 2 
and waterhole 3 currently have defunct bore hole 
pipes with limited water flows.  These would be 
repaired or replaced to ensure late summer 
water flow and encourage bison use at these 
locations. 

Private lands mitigation—Bison primarily occur 
on public lands (i.e., NER, GTNP, and Bridger-
Teton National Forest), and when they do occur 
on private lands WGFD has the authority to haze 
or lethally remove bison for safety or private 
lands damage concerns (WGFC regulations, 
chapter 56). There is the potential for increased 
private lands conflict if winter feeding is reduced 
or eliminated on NER. For example, bison may 

move further south when feeding does not occur, 
increasing the potential for bison in Jackson 
residential areas. To reduce the likelihood of 
bison moving from the Refuge into Jackson, a 
double cattle guard will be installed on Elk Refuge 
Road at the boundary with East Broadway and at 
the gate where the town accesses the municipal 
water wells.  

 

Public education/outreach—Public education and 
outreach for bison management will be 
integrated into EO provided for elk management 
(see pg. X). There are important differences 
between bison and elk biology and management 
that will be articulated. The bison population 
objective differs from the elk objective, with the 
former based primarily on maintaining genetic 
heterozygosity while minimizing conflict (USFWS 
and USNPS 2007a). Bison winter feeding is 
conducted primarily to eliminate conflict with elk 
on feedgrounds, which is fundamentally different 
than the objective for feeding elk to sustain the 
JEH through winter with minimal mortality. 
Winter feeding of bison precludes other conflicts 
that would occur if bison were more broadly 
distributed within Jackson Hole, e.g., bison in the 
town of Jackson and the associated public safety 
conflict. As winter feeding is reduced, or 
eliminated, efforts will be made to manage 
potential increased conflict, but public 
acceptance of increased conflict will be 
necessary. There are important biological 
differences between bison and elk that will be 
highlighted. For example, during 2007–2013 the 
JBH had greater than twice the ratio of calves to 
females in winter compared to elk of the JEH 
(0.47 [SD = 0.05] for bison and 0.22 [SD = 0.03] 
for elk; WGFD, unpubl. data). During the six-year 
period taken to complete the BEMP the bison 
population grew exponentially, increasing from 
627 animals in 2002 to 1059 in 2007 (Fig. 5; 
WGFD, unpubl. data). Management challenges 
can also differ between bison and elk. Bison 
female-calf groups spend much of the year in 
GTNP, where no harvest is permitted, and move 
to the Refuge as winter conditions reduce forage 
availability in GTNP. Female-calf groups largely do 
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not use BTNF lands adjacent to the NER or GTNP, 
which constrains population management using 
hunter harvest to a relatively limited area on the 
NER. This can lead to dense concentrations of 
animals and hunters on the NER, which can result 
in hunter conflict.  

 

Increased EO to state agencies, e.g. the 
Department of Agriculture and state veterinarian, 
will be included as part of this action. The range 
of bison will likely expand as feeding is 
reduced/eliminated, potentially leading to more 
conflict on private agricultural and developed 
lands. 

 

Monitoring— Draft once strategies are finalized. 

 

Enforcement— Draft once strategies are 
finalized. 

 

Constraints 

Constraints unique to bison management were 
largely related to disease transmission concerns 
and related policy (Table 7). For example, it is not 
currently possible to move bison out of the 
county, nor are bison currently allowed in the 
Gros Ventre near WGFD feedgrounds. Several 
identified alternative actions, fertility control and 
test and slaughter, were considered and rejected 
in the 2007 Environmental Impact Assessment 
(EIS) for the Bison and Elk Management Plan. The 
2007 EIS similarly limits tribal harvest of bison. 
Moreover, there is uncertainty if an effective 
bison fertility control exists, which is a 
technological constraint. What constraints from 
the NER wintering elk constraints table should 
be carried over to the bison constraints table? 
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[Note/reminder from initial fall meeting Nov. 
2012: “Three-pronged approach” 1) how to use 
hunters to reduce #s, 2) how to get more on 
native, 3) explicit metric for winter mortality that 
is acceptable.]  

 

[Include a paragraph or two that describes 1) how 
phases are related to each other, 2) when we will 
claim we’ve been successful in Phase I, 3) how 
Phase II will be implemented (i.e., stepwise or all 
at once after success with Phase I, 4) whether 
meeting bison and elk objectives simultaneously 
will be necessary to begin implementing Phase II.]  

 

[Disease management – current plan doesn’t 
address CWD explicitly except to state that NER 
will work within WGFD’s plan (should be out 
2015). Need to write justification for increased 
emphasis on managing CWD threat. This is in 
conflict with brucellosis objectives that state 
feeding will be used to minimize co-mingling. Use 
easements for the latter and to balance CWD 
management.]  

 

[Does the current distribution of collared animals 
represent animals on native range? The latter are 
under-represented in the sample. Assuming main 
influence on aspen is from elk on winter 
feedgrounds.] 

 

Table 7. Management constraints identified for the bison population objective. 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Cumbersome hunt regulations 
Hunter access (especially from north of the NER) 
Easement limitation (NER boundary) 
Current restriction on moving bison out of county 

Social constraints 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Vendor numbers (are there enough for bison removals?) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts (fire) 
Fencing/wildlife conflicts 
Grizzly bear conflicts (potential) 

Funding constraints 
Easements 
Fencing 
Fertility control 

Technological constraints 
Fertility control 
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[Need to provide justification for just including 
aspen – explain aspen as an umbrella for other 
habitats. Aspen regeneration more responsive to 
management actions; highly-preferred by elk. 

 

Bison impact on wet meadow; will we keep 
reducing elk due to bison? Need to consider 
monitoring bison. Can we go lower than 500 or is 
it firmly set? 

 

Changes that have occurred since completion of 
BEMP – Winter distribution of elk has changed, 
calf ratios have declined excluding short-distance 
migrant segment, wolf presence may have 
exacerbated this, bison numbers, fires in Gros 
Ventre, habitat management to hold elk in GTNP. 
All agencies agreed the plan was doable but the 
distributional shifts challenge that currently – 
S.Cain…graph of proportional distribution of elk 
on feedgrounds (has increased as animals on 
native range have declined). Write this up and 
share with the group for edits. 

 

Do we provide a set date of adjusting feeding 
criteria to build collaboration with publics who 
will be influenced by the change (public 
outreach)? The adaptive part is figuring out what 
number of elk the refuge can support, less so 
how to reduce numbers on winter feed. Will 
likely push off winter feeding regardless in an 
effort to maximize bison harvest (i.e., late 
January season). 

 

Include a summary of the actions in this plan that 
tier off of the BEMP vs. those that would trigger 
NEPA. This would include defining strategies 
succinctly and the threshold that would trigger 
NEPA. In this way we can move forward with 
actions that step down from the BEMP and have 
a trigger for initiating NEPA if, and only if, 
necessary. ]  

1) [Removed ‘Grand Teton NP harvest’ from 
the bison alternatives table because it 
was not in the BEMP and would therefore 

trigger NEPA and an act of Congress 
would be necessary (for a hunt, not a 
cull). A bison cull in GTNP would still 
trigger NEPA. Included agency cull (see 
below).  

2) Test and slaughter for bison was 
reviewed and rejected in the BEMP – 
many reasons to not do it.  

3) An agency bison cull would trigger NEPA 

4) Herd-wide fertility control in bison would 
similarly trigger NEPA 

5) Elk fertility control in GTNP south? This is 
currently an action in an elk strategy that 
would trigger NEPA, yet we haven’t 
excluded it from the main plan, simply 
stated it would need NEPA.] 

 

[Wolf management to facilitate elk winter use of 
native range.] 

 

[We need to make sure the co-mingling 
mitigation tools are articulated and 
implementable; this can be started as soon as 
possible so that when we start adjusting feeding 
to change elk distribution we are a bit ahead of 
the game. ] 

 

Models 

Limiting Factors – [DELETE THIS SECTION, OR 
EXPAND IN THE MODELING SECTION?] 

Limiting factors are demographic components 
that limit population growth of a species. 
Identifying limiting factors, perceived and 
documented, help us better define existing 
uncertainty regarding drivers of elk and bison 
population and potential management actions, 
and monitoring to link the two together. In the 
current situation where management aims to 
reduce or limit a population to a specified 
objective, our understanding of limiting factors 
can be capitalized on to regulate population. For 
example, elk population growth is highly sensitive 
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to adult female survival (Nelson and Peek 1982, 
Raithel et al. 2007), and therefore increased 
hunter harvest on adult females is a common 
approach to reduce elk populations. In this 
scenario, increased hunter harvest of adult 
females is the management action that could be 
employed to reduce a population to objective. 
This assumes population abundance is the issue 
to be addressed. Conversely, if population 
distribution is the primary issue to be addressed 
management actions to alter animal distribution 
would be employed.  

 

Winter distribution of elk and bison on and near 
the NER is influenced by winter feeding. The 
present feeding program is conservative in 
implementation of feeding to minimize elk 1) 
winter mortality of the most susceptible group, 
calves, and 2) comingling issues with cattle on 
adjacent private lands. Therefore, current feeding 
programs are minimizing a potential limiting 
factor – winter mortality. Moreover, winter 
feeding alters the distribution of elk and bison, 
which can result in localized concentrations of 
animals above stated objectives.   

 

 

 

Figure __. 
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[If the fundamental objective is to minimize the 
number of animals on feed we need to 
conceptualize the relationship between elk 
density and winter feeding. To do this I thought it 
would be easiest to define the proportion of Kcal 
in elk diets from feed as a function of elk density 
while accounting for standing forage. I created a 
figure to represent this; no feeding occurs at low 
densities of elk (<1 animal per 300 lbs available 
forage), then asymptotically approaches all Kcals 
coming from feed as density increases. We can 
change the threshold of when feeding starts as 
necessary. 

While this simple model helps us think through 
winter feeding and elk numbers, it ignores elk 
survival as a function of available forage. I don’t 

think we can ignore that, especially calf survival? 
It seems to me that what we are trying to do is 1) 
encourage elk to distribute themselves more 
broadly by being less conservative with winter 
feeding (i.e., change the shape of the figure 
above) and conducting late-season hunts, while 
2) staying within an acceptable range of winter 
mortality, especially calf mortality. I’ve been 
thinking about this in this manner since Tim’s 
comments on winter survival at the last meeting. 
I understand that we’re working toward 
achieving desired conditions, but I imagine we’ll 
quickly lose public support if they see a pile of 
dead calves. And I don’t think they’ll view sparing 
aspen from elk browse is worth that. ] 

[We could use existing information to estimate 

 

Figure__.   Hypothetical relationship between calf survival and available forage. 
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the two relationships represented in the figures, 
which would provide us with a set of models to 
predict winter calf mortality as a function of 
available forage, and then see where we can get 
with less conservative winter feeding. This would 
allow us to articulate to the public that we’re 
trying to not go above some level of calf mortality 
while reducing the number of elk on the refuge 
by being less conservative with feeding. If we 
can’t successfully reduce the number of elk on 
feed without going beyond the calf mortality rate 
deemed acceptable then we’ll know we need to 
1) get support for possibly allowing higher calf 
mortality, 2) use some other identified action to 
distribute elk during winter, or 3) reduce the 
overall objective/number of elk.   

 

We could concurrently monitor aspen condition 
so that as we alter distribution of animals on the 
refuge we learn how that influences the 
likelihood of aspen growing through the browse 
zone. This would allow us to relatively seamlessly 
transition into phase 2 of the plan.  At that point 
the question becomes ‘can aspen reached 
desired condition when we maximize the number 
of elk on standing forage at the current 
population level (density). ] 

 

Adaptive management uses models of the 
managed system to link the objective response 
(e.g., desired habitat condition) to changes in the 
system resulting from management actions (e.g., 
altered elk distribution).  

 

We need to have a spatially-explicit model (set of 
models) that links desired conditions to elk and 
bison abundance and distribution. If we divide 
the refuge into 16 ha (40 acre) blocks we can 
then build a model to predict desired condition in 
that block during a period of time in response to 
elk and bison use. The latter is similar to EFD and 
BFD in needing to combine abundance and time 
animals are in a block. From a management 
perspective this is most influenced by feeding 

and harvest. Desired habitat condition is a 
function of animal use 

 

𝐸𝐸𝐷𝐷𝑡𝑡(𝑝𝑝) = 𝑓𝑓(𝑈𝑈𝑡𝑡(𝑝𝑝)), 

   

where 𝐸𝐸𝐷𝐷𝑡𝑡(𝑝𝑝) is the desired condition in block i 
during time t and 𝑈𝑈𝑡𝑡(𝑝𝑝) is the combined use of 
block i during time t by elk and bison. Takes a 
special case of circumstances to have 
escapement occur. [(this can be separated so 
each species has its own term and they are 
additive – not sure how that would look, but 
seems easily doable).] Use is the product of 
animal abundance in block i in time t, 𝑛𝑛𝑡𝑡(𝑝𝑝), and 
days present, 𝑑𝑑𝑡𝑡(𝑝𝑝)  [(may be more realistic to 
have larger time frame, e.g. weeks, that is 
realistic from a monitoring perspective)], such 
that  

 

𝑈𝑈𝑡𝑡(𝑝𝑝) = 𝑛𝑛𝑡𝑡(𝑝𝑝)𝑑𝑑𝑡𝑡(𝑝𝑝). 

 

Animal abundance, n, in turn, is a function of the 
proportion of animals (𝑝𝑝𝑡𝑡(𝑝𝑝)) present in block i at 
time t 

 

 

𝑛𝑛𝑡𝑡(𝑝𝑝) = 𝑝𝑝𝑡𝑡(𝑝𝑝)𝑁𝑁𝑡𝑡, 

 

where 𝑁𝑁𝑡𝑡 is the total population during time t. 
Lastly, 𝑝𝑝𝑡𝑡(𝑝𝑝) can be described as a function of 
hunting, winter feeding, and other block 
attributes [(this latter group should be included 
at a general level and is something we need to 
discuss; most of our interest lies in the response 
of animals to hunting and feeding). ] 

 

We assumed a negative linear effect of winter 
feeding on animal use of a block, i.e., use 
increases linearly with decreasing distance from a 
feedground. The influence of hunting on animal 
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use in a block was assumed to have a pseudo-
threshold functional form. This accounts for the 
discrete boundaries between open- and closed-
hunt units such that the effect of hunting on 
animal use declines rapidly with distance from 
open-hunt units and approaches an asymptote. 
What are the attributes of each cell that predict 
use – distance to feed grounds, hunt 
management, aspect, slope, distance to road, 
fencing. [This is a significant component we need 
to figure out. I can try to provide some examples 
to help with the conversation. The other big 
component to work through is what exactly DC is 
– I’m still partial to working this this using aspen 

as an example. ‘Heavy lifting is defining DC and 
quantifying it’ (Kerry). We may find that to be 
about as much as can be handled with current 
resources. If that is true, we’ll have to think 
through how we can justify just one (or maybe 2-
3) of the desired conditions for monitoring. If 
cottonwoods are less preferred than aspen we 
can probably easily get away from intense 
monitoring of cottonwoods by assuming they are 
likely doing well if aspen are. Different story for 
willows, but maybe it will take fence to get 
willows back at nearly any level of elk/bison at 
this point. ]  

 
 

MONITORING 

 

SCHEDULE 
 

Table _.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

             

 

 

BUDGET 
Table _.  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      

   Expense 1 $0 $0 $0 $0 $0 
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   Expense 2 $0 $0 $0 $0 $0 

Grand Teton National Park:      

   Expense 1 $0 $0 $0 $0 $0 

   Expense 2 $0 $0 $0 $0 $0 

Wyoming Game and Fish Department      

   Expense 1 $0 $0 $0 $0 $0 

   Expense 2 $0 $0 $0 $0 $0 

Subtotal: National Elk Refuge $0 $0 $0 $0 $0 

Subtotal: Grand Teton National Park $0 $0 $0 $0 $0 

Subtotal: Wyoming Game and Fish Department $0 $0 $0 $0 $0 

Grand Total $0 $0 $0 $0 $0 
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APPENDIX I 
 

 

Vision:  
 
 
  
 
Goals: 
 
 
Obj.  
Categories 
 
 
 
Objectives 

 
 

 
 
  

 

 

 

 

  

 

Figure 1.A1. Schematic representation of Bison and Elk Management Plan vision, goals, objective categories, objectives, measureable attributes and performance criteria. Bolded boxes and arrows represent the objective 
outlining the phased approach to population management by adaptively managing elk and bison populations for desired conditions. Stippled boxes represent measureable attributes and performance criteria for desired 
conditions defined in the National Elk Refuge Comprehensive Conservation Plan. Grayed-out boxes represent objectives, measurable attributes, and performance criteria wholly (e.g., public education) or largely (e.g., 
invasive species management) independent of desired conditions related to elk and bison population objectives, and therefore not considered in this plan. 
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Performance Criteria 

5000 Elk 
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Desired  
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500  11000    

‘Manage bison and elk in a manner that contributes to the state’s herd objectives 
yet allows for the biotic integrity and environmental health of the resources to be 

sustained (BEMP Desired Conditions). 
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From: Jeffrey Warren
To: Eric Cole
Cc: Steve Kallin; Cris Dippel
Subject: Next steps for models
Date: Friday, March 13, 2015 7:00:30 AM
Attachments: BYOD_Handout_2013.pdf

ESD_and_SD_data_needs_2.docx
Warren et al 2013 Body condition dynamics.pdf
NER_draft_AMP_13_March_2015.docx
AMP_figures.pptx
NER_AMP_analyses.R
NER_AMP_analyses.RData
May_August_precip_WY_CD2.png

Eric,
 
Just a few thoughts on next steps for the plan.
 
First, ideas on creating statistical models using the draft conceptual models.
 

1)      I’m thinking of approaching the distributional response to EFDs differently than we discussed yesterday (but
still assuming our primary interest for distribution of elk is how it responds to changes in EFDs). It seems more
direct, simple, and meaningful to model the proportion of the JEH on the NER as the response to changes in
feeding on the NER. We can do this with a generalized linear mixed model (GLMM) with a response of proportion
JEH on NER and predictors EFDs, climate variables (measured at a regional scale, i.e., will change with year but
influence the area used by the JEH), predator indices (? – e.g., est. number of wolf packs in the area used by JEH?),
and an index of hunting (this may be most meaningful at the NER scale – perhaps an index that quantifies how
much area and how late hunting occurred?). Some specific notes/details:

a.       For the response I think we should start with classification count data. We’ll need estimates for
number of elk on NER and total JEH. These will be combined to create a binomial response of ‘successes’
(elk on the refuge) and ‘failures’ (elk not on the refuge) for each year in the model statement (see the
attached BYOD handout for an explanation).
b.      It will likely help to standardize EFDs because they are such large values. This is a simple linear
transformation that results in a mean EFD of 0, SD = 1. To do this you subtract each EFD value from mean
EFD and then divide by the standard deviation of EFD. In R it would look something like this – assuming
your data set is named ‘elk’ and EFD are named ‘efd’ – you can create a new variable of standardized efd
(named st.efd) with this line of code:    elk$st.efd <- (elk$efd - mean(elk$efd))/sd(elk$efd)
c.       I attached a word document (ESD_and_SD_data_needs_2.docx) that has climate/weather links we can
use to get climate region scale data by year. As we’ve included in the influence diagram, let’s start with
growing season precipitation for each year (May through August? looks like climate division 2 is what we
want -
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/regional_monitoring/CLIM_DIVS/wyoming.gif
; I attached a figure of this data, you can download a .csv of the same at the website).

d.      For snow conditions we started looking into Thumb Divide SWE on December 30th – might as well stick
with this for now and we can see how correlated it is with distribution and go from there.
e.      Can you get number of wolf packs in the JEH area by year?
f.        I’ll leave it up to you, Steve, and Cris to decide how to determine a reasonable proxy for hunting
pressure on NER. Something simple like ‘unit-days’ (i.e., annual sum of the days each unit was open to
hunting on the refuge) may be a good place to start. This would likely need to be standardize similar to
EFDs (presuming it would be a big number).
g.       We should include year as a random effect. The attached paper (Warren et al. 2013; you’ll love it, it’s
about ducks…) provides a quick summary of the benefits of doing that, and the BYOD handout describes
how to do it in R. Functionally, we need to have year as a factor for that to work – R will assume it is a
numeric variable when you import the data set, so you can create a ‘factor year’ like this (data set named
elk, year named year) – elk$fyear <- as.factor(elk$year)

Collating as many years as possible of the above described data will allow us to take an initial look at the
hypothesized relationships and see if we’re on the right track. I’ve attached the R script and workspace we
started in February for you to work with. Make whatever changes you need to get it set up in your computer
and then we can use that version moving forward (when you need assistance we can use webex and work



together with me working directly on your version of the script on your computer).
 
I need more time to think through modeling calf survival, but am still leaning toward the approach we’ve outlined in the
current draft of the plan (i.e., a non-linear saturating function that has maximum survival at high levels of ‘available forage’
with a shoulder representing the point where survival begins a fast decline with declining available forage). To do this we
would have to estimate ‘available forage’ as the sum of available standing forage and supplemental feed on a per capita
basis. You already have estimates of available standing forage we can use – can you pull together the amount of feed
provided on an annual basis and calf survival? That would allow us to explore the relationship between the per capita
ration (total feed/EFD for each year) and calf survival. A simple graph with survival on the y axis and per capita ration on
the x axis would be very helpful.
 
Second, finalizing the conceptual models and drafting a narrative.
 
I’ve attached the figures we drafted this week with a few changes on the calf survival figure that Tim proposed. Take a look
and make changes as necessary. I’d also recommend getting a few volunteers (what’s that? Oh, great, Cris just
volunteered) to sit down and have you describe the figure to them (like we did with Steve). It will make it clearer in your
mind and likely help us identify missing factors/relationships. Check in with Tim, too, and get his thoughts on the
components of calf survival he recommended adding. That will also help you begin a draft narrative for the figures (you
can add to the existing text on the influence diagrams in the draft plan I’ve attached).
 

I think we’ll need to have the above completed and summarized by April 20th so we can turn our focus to the calf survival

model and completing the draft in order for us to have a draft for group review by May 1st. As you work through this and
run into issues give me a call or send me an email and I’ll try to respond as quickly as possible (my work cell is
406.548.8487).
 
Here is a link to the book I mentioned you should consider purchasing -
http://www.wiley.com/WileyCDA/WileyTitle/productCd-0470671742.html ; while you’re getting Steve to buy you books, I
consider this one a must have - http://press.princeton.edu/titles/5987.html
 
Cheers,
 
Jeff Warren
406 276-3536 ext. 106
 
 
“I believe that a scientist looking at nonscientific problems is just as dumb as the next guy.”  Richard Feynman
 
“A great many people think they are thinking when they are merely rearranging their prejudices.” William James
 
 
 



1 

 

 

REVIEW OF R, GENERAL LINEAR AND GENERALIZED LINEAR MODELS (GLMs), AND EXAMPLES 

OF UNIVARIATE VEGETATION DATA ANALYSIS 

 

General Linear Models 

Linear models (a.k.a. general linear models, additive models) represent the most common tool 

in our analysis tool box for exploring relationships between a response variable (dependent 

variable Y) and predictor variables (independent variables X). Whether you are using a t-test, 

simple linear regression, Analysis of Variance (ANOVA; all predictors are categorical), or Analysis 

of Covariance (ANCOVA; predictors are categorical and continuous), you are using a linear 

model. Being ‘linear’ in this case doesn’t necessarily mean a straight line going through a data 

cloud (we have many tricks to make a relationship in a linear model curvilinear), but that the 

effects of the predictors are additive. For example, you may be interested in how a species 

responds to a habitat management treatment. You go out and count the abundance of the 

species in a treated area and compare those results to counts in an area not treated. Your 

conceptual model might look something like this:  

 

Species abundance = Mean species abundance + Treatment effect, 

 

where you hypothesize that there is a positive (additive) treatment effect of your management 

that results in more individuals than the ‘baseline’ (i.e., mean) species abundance in the area. A 

simple statistical representation of this as a linear model would look like this:  

 

�� � �� � ���� � 	�,     eqn. 1 

 

where yi is the response of species abundance at survey plot i, �� is the mean level of species 

abundance, �is the estimated effect of the management treatment,  ��  is the treatment level 

at survey plot i, and εi is the ‘residual’ error of observation i from the value predicted by the 

deterministic portion of the equation. Remember from last year that this latter term, εi, is the 

stochastic component of the linear model that makes this a statistical model versus a 

deterministic mathematical model, i.e., one that gives you an exact answer. Also recall that yi, 

��, and � are commonly referred to as the independent variable, intercept, and slope, 

respectively. Importantly, we also assume εi is normally distributed with mean 0 and variance 

σ
2
 (usually expressed as N(0, σ

2
), more on that later).  

 

To describe the stochastic part of the above model we employ a statistical distribution. To 

determine the most appropriate distribution to use for our error term we need to understand 

how the data were collected, i.e., how the sample was obtained and what characteristics were 

measured. What we’re doing is trying to explain variation within the observed response, 

therefore the response is where we look to determine the most appropriate statistical 

distribution. The most common distribution is the normal distribution (a.k.a. Gaussian) that 

gives us the familiar bell-shaped curve. This is a continuous distribution, which means your 

measurement of the response could take on a continuum of values instead of a finite number. 
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Body weight is a common example for a normally distributed response variable. If you 

randomly sampled bison on the National Bison Range you would likely expect the data to be 

normally distributed, where most individuals would ‘cluster’ around a mean value with 

exceeding high or low body weights being rare events (i.e., in the ‘tails’ of the distribution). The 

variance of the sample would determine how tall and skinny (small variance) or short and fat 

(large variance) the ‘bell’ looked. Let’s plot the normal distribution curve in R. 

 

x <- seq(-8, 8, length=200) 
y <- dnorm(x,mean=0,sd=1) 
plot(x,y,type="l",lwd=2,col="red") 
 

Look familiar? Now let’s decrease our ‘confidence’ by increasing the variance of our sample 

taken using the dnorm() command. 

 

x <- seq(-8, 8, length=200) 
y <- dnorm(x,mean=0,sd=2) 
plot(x,y,type="l",lwd=2,col="red") 
 

Another very common distribution is the binomial. This distribution is used to model responses 

with only two finite values, e.g., a plant was present or not in a plot, an animal survived or died 

during the study, an individual bred during a given breeding season or did not, etc. The binomial 

distribution is also commonly used to model frequency or proportional data. For example, you 

may be interested in disease dynamics in a species where your response is the number of 

positive cases among the sampled population n. This represents the proportion, or frequency, 

of disease in your population with your interest in understanding what influences the 

probability of an individual being infected. Let’s look at a real data set based on an example of 

tuberculosis infection in wild boar (Vicente et al. 2006). An easy way to import data into R is by 

copying your data set to the computer’s ‘clipboard’ (e.g., ctrl + c) and using the 

read.table()  command. First, navigate to the ‘Boar.txt’ file that came with the class 

materials, open it, select all, then copy the selected data to the clipboard. After that, type the 

following read.table()  command line into R: 

 

boar <- read.table("clipboard", header=T)##Imports & names data 
names(boar) ##Shows us the names of the variables 
 

Now let’s look at the response variable Tb (presence of tuberculosis = 1, absence = 0) in relation 

to an animal’s length (LengthCT) to explore the data. 

 

plot(boar$Tb~boar$LengthCT, ylab="Tb", xlab="Length CT") 
abline(lm(boar$Tb~boar$LengthCT)) 
 

The first line of script plots the response variable Tb in relation to an animal’s length 

(LengthCT). Note that each variable is preceded by ‘boar$ ’ in the script statement. That is to 

tell R that you want to grab a column of data from the dataframe named ‘boar’. The second line 
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of script draws a simple linear regression line through the data. We’ll talk later about whether 

or not this is a reasonable model to use in this situation (you probably already know the answer 

to this based on the discussion above, but we’ll get more into the details later). Notice, though, 

how the data group into two categories, which should be your first indication that using a 

simple linear model is suspect.  

 

A similar situation to the boar example above can be found in vegetation data collected along a 

transect of plots or points – we’re commonly interested in how the frequency of a species or 

functional group of species changes in space and time, often in response to some type of 

management action. This latter scenario will form the basis of much of the rest of today’s 

discussion and exercises. 

 

Review of R 

Data in R  

Before we get into more data analysis, let’s take a moment for a quick review of R. Data in R 

can be in the form of a vector, matrix, or data frame, with the latter likely the most common 

form you’ll use in R. A vector or column within a data frame can contain either numeric 

(including integer data, i.e., whole numbers) or factorial data, but not both. Let’s look at the 

boar data to learn more about these classes. Right now all the data in the data frame is numeric 

(in the general sense, R does separate integer and numeric classes, but they are both numbers). 

 
class(boar$SEX)  
class(boar$LengthCT) 
summary(boar)  
 

Notice that the variable ‘SEX’ is an integer, which doesn’t make much intuitive sense. This was 

simply how R interpreted the variable when it was imported. It ‘saw’ whole numbers and 

defaulted to calling SEX an integer. Now let’s create a factor variable for sex to 1) learn how to 

create a variable in a data frame, and 2) see how an integer or numeric class differs from a 

factor.  

 

boar$sex <- "M  " ##Creates a vector of ‘M’s in the dataframe  
boar$sex[boar$SEX==1] <- "F  " ##Converts ‘M’s to ‘F’s if SEX=1  
boar$sex <- as.factor(boar$sex) ##Converts sex to a  factor  
class(boar$sex) 
summary(boar) 
head(boar) ##To view the top 6 rows of the datafram e 
View(boar) ##To view the full dataframe in a separa te window 
 

Notice how the summary of the dataset changes when you have a factor instead of a numeric 

data field – for the former it provides the factor levels and number of cases in each level. 

 

Data entry/import  
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Importing data into R is fairly straight forward using the read.table command. We’ve 

already seen how to do this using the clipboard, but you can also import a text file directly using 

the following command, with “file.txt ” being the location of the file, header  indicating if 

your columns have labels (which cannot have spaces), and sep defines how your columns are 

separated.  

 

read.table("file.txt", header = T, sep = "")  
 

For more details on how to import data you can see the read.table() command help file by 

typing in 

 

?read.table 
 

You CANNOT have missing data in your data to be imported. Any place you have missing data in 

your data set put in an “NA” – this will allow you to import with missing data.  

 
Now see if you can import the boar data as a text file (.txt). Pay particular attention to how the 

columns of data are separated (e.g., comma, space, or tab). It is also a good idea to look at the 

classes of your variables after you import your data to make sure it is in the class you think it 

should be. 

 

To find other ways of importing files use the R help. If you maintain data in Access databases 

there is a package (RODBC) that allows you to directly link to the database and import a table 

(there are issues doing this with a 64 bit system). If you wanted to install this, or any other 

package, use the following steps. Go to the ‘Packages’ tab in the lower right window of RStudio 

(or the ‘Packages’ drop-down menu on the RGui) and select ‘Install Packages’. In RStudio you 

simply type in the name of the package (case-sensitive) and hit the install button. In the RGui 

you have a list of packages to choose from – select the package(s) you want and click on ‘OK’. 

There will be an extra step of selecting a CRAN mirror to use if you haven’t set a default in your 

‘Rprofile.site’ file in the ‘R/R-2.x.x/etc’ folder. Here is example code for using RODBC to import 

a table from an Access database that you can alter: 

 

channel<-odbcConnectAccess("C:\\WTFWLBandingRecord. mdb") 
lesc<-sqlFetch(channel,"SurvivalEncounterHistory200 5-07", 
as.is=T) 
close(channel) 
 

Data summary  

Let’s go ahead and import a small data set to work with – you have a copy of the data in your R 

materials provided. The data are from bird point counts in willow habitats on Red Rock Lakes 

NWR. We were investigating the importance of willow structure on habitat selection of riparian 

birds. There were random points placed in 2 types of willow habitat – stream riparian and fen. 

For this example, we’ll just use the count data from common yellowthroat.  
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coye <- read.table("clipboard", header=T)  
names(coye) ##Gives us the names of the variables  
summary(coye) ##Provides a summary for the full dat aframe  
 

How many habitat types were surveyed? How about points (don’t forget that there are 2 years 

of data)? Notice that ‘year’ is being treated as a numeric variable, not a factor. We need to 

change that before we proceed any further.  

 
coye$year <- as.factor(coye$year)  
coye$year  
 
Because ‘point’, ‘hab’, and ‘year’ are factors, we need to eliminate them for further numerical 

summaries. This is done within square brackets [], referenced by rows then columns. For 

example [1,2] selects the data point from the first row and second column. To select a whole 

column, in this case the 2
nd

, use [,2]. To select the 4th through 7th column in this data set you 

can use [,4:7] or [,-(1:3)].  

 

colMeans(coye[,-(1:3)]) ##Mean for each variable  
sapply(coye[,-(1:3)],sd) ##Standard deviation for e ach variable  
 

You can do similar summaries on a single variable.  

 

summary(coye$count) ##A variable specific summary  
mean(coye$count) ##The mean of counts  
sd(coye$count) ##The standard deviation of count  
se.count <- sd(coye$count)/sqrt(length(coye$count))  ##SE  
 

If you have any missing values (i.e., ‘NA’s) it is necessary to tell R to exclude them in the above 

summary commands using na.rm=T , e.g., mean(coye$count, na.rm=T) . Note that this 

influences the number of samples used in the summary by removing any that are missing.  

 

Now let’s look at the count data graphically.  

 
hist(coye$count) 

 

Assumptions of Linear Models 

Now that you’ve refreshed your memory of basic data manipulation and summaries in R, let’s 

get back to our discussion on linear models. Specifically, what are the assumptions of statistical 

linear models? You probably remember at least a few of these from last year’s workshop or 

your statistics classes in university, namely that the residuals are independent and identically 

distributed (‘iid’ in statistics jargon). What this means is that our response residuals in a linear 

regression model need to follow a normal distribution with μ = 0 and variance = σ
2 

(i.e., N( 0, σ
2 

)), and they need to be independent of each other. Other assumptions include: 1) variance 
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homogeneity, 2) fixed X values (i.e., predictor variables), and 3) proper model specification. 

We’re only going to focus on the assumptions of normality, independence, and variance 

homogeneity for now, ignoring fixed X values and proper model specification. There are many 

good texts out there that can provide much more thorough coverage of these topics. We want 

to discuss these assumptions primarily as they pertain to how they are violated by common 

data types collected for monitoring wildlife and their habitats, and the models we can use to 

account for violating assumptions. 

 

The following paragraphs relied heavily on Zuur et al.’s (2009) excellent text on mixed-effects 

models for ecological data.  

 

We’ve already discussed several common statistical distributions used to model the stochastic 

component (i.e., residuals) of a statistical model. When we use general linear regression models 

to search for patterns in our data we are limited to using the normal distribution. Some authors 

argue that violating this is a minor problem (Sokal and Rohlf 1995, Zar 1999) as a result of the 

central limit theorem (Zuur et al. 2009). However, it is likely apparent that assuming normally-

distributed errors when we’ve collected count or ‘yes/no’ types of data will lead to poor model 

fit and, resultantly, poor or even incorrect inference from our data. But how would we check 

for violation of this assumption? This is an often confused issue for us non-statisticians. The 

simplest way to think of it is we are testing for normality of the residuals of our model, not 

testing for the normality of our response variable per se. Fit your model and then look at your 

residuals for gross violations of normality. This is most commonly done visually with quantile-

quantile normality plots (qqnorm() command in R). What you’d like to see is your residuals 

falling near the line of the theoretical distribution represented by the line in the graph that goes 

from the lower left to the upper right. A wavy pattern in the residuals is not good, nor is large 

tails on either end. Let’s revisit the boar data as a simple example.  

 
b.lm <- lm(Tb ~ LengthCT, data=boar) 
b.lm.resids <- resid(b.lm) 
qqnorm(b.lm.resids) 
qqline(b.lm.resids, lty=2)  

 

You can see that the residuals do not fall along the line, giving a strong indication that our 

residuals are not normally distributed. We’ll discuss how to address this below; for now, let’s 

finish our review of our assumptions of linear models.  

 

When we assume our residuals are normally distributed, N(0, σ
2 

), we’re stating that we believe 

that they vary in the same manner across all values of the predictor variable(s); that is, they all 
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have a variance equal to σ
2
. In biological systems it is easy to imagine where this may not be the 

case. For example, imagine taking body weights on female trumpeter swans through the annual 

cycle. It is entirely reasonable to expect greater variation in weights through time in breeding 

age individuals because of the high metabolic demands faced during breeding as compared to 

juveniles that don’t breed. Another example is variance associated with a growing population. 

When a population is small its variance will be limited to smaller values. As the population 

grows, so to will its ability to vary, commonly resulting in nonconstant variance.  

 

Violating the assumption of independence among residuals is the most serious problem faced 

in linear regression (Zuur et al. 2009). This can occur two ways: 1) the value of your response, Y, 

to a predictor, X, is dependent upon another predictor, or 2) dependence structure in the data 

itself. For the former, misspecification of the model can lead to lack of independence. Your 

choices are to improve your model or transform your response. For the latter, we often run into 

issues where what we know at one point will tell us something about the next point. Time-

series data clearly can demonstrate this – if your wetland pH is 8.0 today we expect it will be 

pretty close to that value tomorrow, or maybe even next week or next month. Similarly, if you 

are sampling vegetation along a transect you can make a reasonable prediction of what the 

next plot will look like based on the plot you’re sampling now – they are not independent of 

each other. A standard visual check of this assumption can be accomplished by plotting your 

residuals versus each explanatory variable. What we don’t want to see are clear patterns in the 

residuals across the values of the explanatory variables that would indicate a lack of 

independence.  

 

Generalized Linear Models (GLMs) for Non-normally Distributed Data 

Based on the residual plot we looked at for our simple boar model we can be fairly certain that 

the residuals are not normally distributed. Also, how would we interpret that simple linear 

model? Looking at the plot we may say that a boar with a length of 80 cm has approximately 

0.20 Tb (i.e., tuberculosis). How can an animal have 0.20 tuberculosis, wouldn’t an animal be 

infected or not? What we need to do is think of our model as predicting the probability of an 

individual being infected, so we would state that an 80 cm long animal has a 0.20 probability of 

being infected with tuberculosis based on our simple model. Our model still has some 

problems, though, as it predicts a negative probability of tuberculosis occurrence for animals 

less than ca. 45 cm in length. Also, it would predict probabilities >1 if an animal was long 

enough. Probabilities are bounded by 0 and 1, so we need a model that makes predictions 

within those bounds. Fortunately, there is a simple extension of general linear models that will 

address these issues for us.   

 

A generalization of linear models allows us to model data with non-normally distributed errors 

in a similar fashion to what we would do with a general linear model. These Generalized Linear 

Models, or GLMs for short, have an important extra component that general linear models lack 
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– a link function. What the link function does is perform a transformation of the expectation of 

the response, which in general terms, linearizes the response errors so that we can do pretty 

much everything you’ve done with linear models. You’ll see that the primary difference in 

running a GLM in R is that you need to specify the distribution you expect your errors to follow 

– that’s it.      

 

We’ll re-fit our boar model using a GLM and see how everything looks.  

 

b.glm <- glm(Tb ~ LengthCT, family=binomial, data=b oar) 
summary(b.glm) 

 

The model output is:  

 

   Estimate  Std. Error  z value  Pr(>|z|)  
(Intercept) -3.892109   0.671152   -5.799  6.67e-09  
LengthCT     0.031606   0.005588    5.656  1.55e-08  
Dispersion parameter for binomial family taken to b e 1 
 
    Null deviance: 700.76  on 507  degrees of freed om 
Residual deviance: 663.56  on 506  degrees of freed om 
  (149 observations deleted due to missingness) 
AIC: 667.56 
 
Number of Fisher Scoring iterations: 4 
 

Remembering back to our earlier discussion about the additivity of linear models we would say 

that for every cm increase in a boar’s length the probability of having tuberculosis goes up 

0.032 units from a mean value of -3.89 units. Wait a minute, just a few moments ago we 

decided a general linear model assuming normally-distributed errors gave faulty results due to 

predictions below 0 and above 1, but now we have a mean predicted rate of incidence of -3.89? 

How does that work? Well, it has to do with the link function mentioned earlier and the 

transformation it is doing ‘behind the scenes’ to allow us to fit a GLM to data with binomially-

distributed errors. The default (canonical) link function for the binomial family is the logit link, 

which ‘maps the values’ of our response to be bounded between 0 and 1. We won’t go into this 

in any detail, but the logit link for our example looks like this:  

 

�� �
���������������

�����������������
,    eqn. 2 

 

where �� is the probability that animal i is infected with tuberculosis (e is the exponential 

function). Notice that our simple linear predictor is ‘in’ the link function. What we need to do to 

get sensible values from our summary is ‘back-transform’ the values either by 1) using equation 

2 and plugging in the values appropriately (i.e., ��= -3.892109, �= 0.031606, and LengthCTi is 

animal i's length), or we can more simply use the predict()  function in R: 
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mydata <- data.frame(LengthCT = seq(from = 46.5, to  = 165,  
by =1)) ##Create length values 

pred <- predict(b.glm, newdata = mydata, type = "re sponse") 
plot(x = boar$LengthCT, y = boar$Tb) 
lines(mydata$LengthCT, pred) 
 

What the above lines of script do is 1) create a new data set (mydata ) that is a sequence of 

values of interest (46.5 to 165 cm by values of 1), 2) create a vector of predicted values from 

our GLM (b.glm  ) in the scale of the response (i.e., a probability between 0 and 1), 3) plot the 

original boar data, and 4) add a smooth line of the predicted response of the probability of 

tuberculosis infection in a wild boar based on the animal’s length. Enough about diseased pork 

(it is, after all, on Thursday’s menu), let’s move into some examples using vegetation data.  

 

Vegetation Data Analysis Using Binomial GLMs 

Now that we’ve reviewed some basics of general and generalized linear models let’s look at 

how we may use this to analyze common forms of vegetation data. A common approach to 

monitoring plant communities is the point-line intercept, considered one of the least biased 

methods of sampling vegetation (Bonham 1989). The protocol is fairly straight forward – a 

transect is set up and the species that intercepts the transect at each regularly spaced point 

(commonly 1 m) is recorded. The point is usually represented by a sharpened dowel or pin (e.g., 

5 mm diameter) placed perpendicularly to the transect at each interval. See Bonham (1989) or 

Elzinga et al. (1998) for more thorough descriptions. The resulting data ends up being a count of 

occurrences for each species along a transect, with all the species’ counts summing to the total 

number of points recorded along the transect. We’ll assume for now that you are most 

interested in one or a small number of the total species you encounter, perhaps because they 

are representative of a particular vegetation community that you are managing for, or they are 

a good indicator species (sensu Dufrêne and Legendre 1997) for a certain preferred state of the 

system in a state and transition model. Regardless, the approaches we will explore for the rest 

of this session are univariate, i.e., deal with the dynamics of a single species at a time. If you are 

interested in broader community dynamics you would need to use multivariate techniques.   

 

You may recall from last year’s workshop that we used a Poisson distribution to model count 

data from avian point counts (the same data set we used above to review R). So you may be 

asking yourself why we wouldn’t follow that approach to model what is basically count data for 

vegetation surveyed along a transect. The key difference we need to accommodate is that the 

vegetation data is a bounded count, i.e., it is limited by the total number of points along the 

transect. We’re interested in how many times a plant species is observed along the transect, or 

in ‘probability speak’, we’re interested in the number of successes, k, in n trials. It is natural, 

then, to express this data as a proportion, a species’ count per number of transect points, and 

to use the binomial distribution. This idea can be extended to other similarly collected data. For 

example, the belt-transect method commonly used by refuges in the Prairie Pothole Region 

(PPR) to monitor grassland communities uses plant groups based on common native plant 

community associations (Grant et al. 2004). The dominant plant group present along each 0.1-

m by 0.5-m segment of a belt transect (length dependent upon application objective) is 
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recorded, again resulting in a bounded count that in this situation is for a plant group instead of 

a species.  

 

Binomial GLM as a ‘t-Test’ 

Our first example will fit a binomial GLM as a “t-test” to determine if there is a difference in 

distribution between two plant species, the cross-leaved gentian (Gentiana cruciata) and the 

chiltern gentian (Gentianella germanica). Both species are found in calcareous grasslands in the 

Jura Mountains on the Franco-Swiss border. The example comes from Kéry (2010) chapter 17. 

We’ll simulate an inventory of 50 sites to determine if a species is present or not (‘presence-

absence’ data). Note that we aren’t dealing explicitly with detection probability, i.e., we assume 

if the species is present on the plot it is always detected (probability of detection = 1). This also 

means that, because we are looking for a difference in distribution between two species, we 

are assuming both species are detected perfectly and any apparent difference in distribution 

between them is because there is a true distribution difference between them and not simply a 

difference in detection probability. For these reasons it is more proper to refer to this type of 

data as ‘detection–nondetection’ data.  

 

Data Generation 

We’ll generate the data for the analysis similar to several of last year’s examples. This allows us 

to know ‘truth’ and see how close our models can get us to it, as well as get a better feeling for 

what R can do. 

 

N <- 50 ##Total number of sites (a.k.a, number of t rials) 
p.cr <- 13/50 ##Number of ‘successes’ for cross-lea ved 
p.ch <- 29/50 ##Number of ‘successes’ for chiltern 
 
C.cr <- rbinom(1, 50, prob = p.cr) ; C.cr ##Add bin omial noise 
C.ch <- rbinom(1, 50, prob = p.ch) ; C.ch ##Add bin omial noise 
C <- c(C.cr,C.ch) ##combining the random counts for  our ‘data’ 
species <- factor(c(0,1), labels=c("Cross-leaved  ",  "Chiltern")) 
 
Let’s take a quick look at the data we just generated. Remember that we added some random 

‘noise’, so our counts should differ slightly from what we defined them as in the second and 

third lines of the script. First, we’ll add column labels to the count data (C) so we know which 

species’ count we’re looking at, then we’ll simply ask to ‘see’ C.  

 

names(C) <- species 
C 
 
How much did the random noise we added to our ‘sample’ change the number of successes as 

initially defined? You can think of the noise as the unexplained variation we commonly run into 

in our real-world sampling that adds difficulty in finding the ‘true’ underlying process of 

interest. Now let’s fit a binomial t-test using the glm() command to see if the model can 

detect the difference in the distribution of the two gentians. A quick note of clarification – 
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because we are using the binomial distribution to model counts we need to tell R both the 

‘successes’ (the count, or number of times a species was present) and number of times we did 

not see the species (‘failures’). We’ll do this using the cbind  command directly in our model 

statement, but let’s look at it first to understand what it is doing. You may notice that this is a 

bit different than the boar example, where there was a record for each individual with the 

response (Tb) being a 0 or 1. You can fit binomial GLMs with data in either format, with the 

format being determined by the type of questions you’re asking. For the boar data, where we 

were interested in the relationship between an individual’s length and probability of having 

tuberculosis, it was necessary to have a record for each individual. For the current question of 

species distribution we aren’t interested in individual covariates for each observation and can 

use the simple count summary.   

  

cbind(C, N-C) ##Using cbind to make a matrix of suc cesses and 
failures 
gen.glm <- glm(cbind(C, N-C)~species, family=binomi al) 
summary(gen.glm) 
 

The results from my model (8 cross-leaved and 25 chiltern gentians) is:  

 

Coefficients: 
                 Estimate Std. Error z value Pr(>|z |)     
(Intercept)       -1.6582     0.3858  -4.299 1.72e- 05  
speciesChiltern    1.6582     0.4783   3.467 0.0005 27 
 

So how do we interpret these results? We would say that there is a significant difference in the 

distribution of cross-leaved and chiltern gentians (P = 0.005), with the estimated probability of 

occurrence for cross-leaved gentian represented by the intercept (-1.6582) and the estimated 

probability of occurrence for chiltern gentian equal to the difference between the intercept and 

1.6582, which is 0 (remember, this is still a linear model that assumes additive effects). At first 

blush, does that seem a bit odd to you? Remember that the default link for the binomial family 

is the logit (eqn. 2), which means the scale of the values presented in the model summary are in 

‘logit land’.  If we were to back-transform the value to a probability of occurrence (�) for 

chiltern gentian using equation 2 we would have  

 

� �
����

� � ����
 

 

which is 0.50 because zero exponentiated equals 1. Now this makes more sense – there were 

25 occurrences of chiltern gentian among the 50 sites surveyed in my simulation. To get the 

estimated probability of occurrence for both species more simply, we can use the predict() 
command like we did with the boar model.  

 

predict(gen.glm, type=  "response") 
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Here are the predicted probabilities based on my data – how close are these to the probabilities 

defined above?  

 

Cross-leaved      Chiltern   
         0.16          0.50 
 
While this example is quite simple, it provides us a good introduction of how we can use the 

binomial distribution and GLMs to analyze vegetation data. Now we can start to consider more 

complex data and models.  

 

Binomial GLM as an Analysis of Covariance (ANCOVA)  

 

An Analysis of Covariance (ANCOVA) is a general linear model that includes both categorical 

(e.g., habitat type) and continuous (e.g., water depth) predictor variables. We’ll modify the 

adder example in Kéry (2010) chapter 18 to an example with vegetation sampling, otherwise it 

is the same. We’ll simulate a data set to see if there is an influence of site (categorical) and 

wetness (continuous) on the distribution of chiltern gentian (in keeping with the previous 

example). Sampling at each site consists of 10 transects, with each transect containing 100 

points. The data we’ll generate is a count of species occurrences for each transect, i.e., a 

summary of the number of ‘successes’ for each 100 ‘trials’ along a transect.  

 

Data Generation 

We will create a data set for three areas (Jura Mountains, Black Forest, and the Alps) with each 

area having 10 transects of 100 points conducted at each area. We start by defining the three 

areas and 10 transects. 

  

n.groups <- 3 
n.sample <- 10 
n <- n.groups*n.sample 
x <- rep(1:n.groups, rep(n.sample, n.groups)) 
pop <- factor(x, labels=c("Jura", "Black Forest", " Alps")) 
   

We’ll build a continuous index of wetness for each transect with values between 0 (wet sites) 

and 1 (dry sites) using the runif() command that randomly selects values from a uniform 

distribution between two values we provide (0 and 1 in this case).  

 

wetness.Jura <- sort(runif(n.sample, 0, 1)) 
wetness.BlackF <- sort(runif(n.sample, 0, 1)) 
wetness.Alps <- sort(runif(n.sample, 0, 1)) 
wetness <- c(wetness.Jura, wetness.BlackF, wetness. Alps) 
 

Now we need to create a vector of length n for the number of points on each transect. The 

points can also be viewed as the number of ‘trials’ conducted to determine the presence of the 

gentian, with ‘successes’ equal to the observed count on a transect (C below). 
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N <- rep(100, n) ##Number of points on each transec t 
 
The design matrix is built as an interaction between the areas and each transect’s wetness 

index. 

 
Xmat <- model.matrix(~pop*wetness) 
print(Xmat, dig=2) 
 

Our model is a full interaction model that allows separate intercepts and slopes for each area in 

response to the wetness index. This results in a linear predictor (i.e., everything on the right 

side of the ‘=’ in a model) that looks like this  

 

��	�� !"� � �� ∗ �$%"&'( � �) ∗ �*%+, � �- ∗ �.�� � �/ ∗ �.�� ∗ �$%"&'( � �0 ∗ �.�� ∗ �*%+,. 

           eqn. 3 

 

We then select beta parameters to define the relationships in equation 3. 

 

beta.vec <- c(-4, 1, 2, 6, 2, -5) ##Betas 0 through  5 in order 
 
Matrix multiplication is then used to create our matrix of simulated values for the linear 

predictor as the product of the design matrix (Xmat) and the parameter vector (beta.vec ). 

 

lin.pred <- Xmat[,]%*%beta.vec ##Value of lin.predi ctor 
exp.p <- exp(lin.pred)/(1 + exp(lin.pred)) ##Expect ed proportion 
C <- rbinom(n=n, size=100, prob=exp.p) ##Add binomi al noise 
hist(C) ##Look at a histogram of our simulated coun t data 
 
par(mfrow = c(2,1)) 
matplot(cbind(wetness[1:10],wetness[11:20],wetness[ 21:30]), 
cbind(exp.p[1:10], exp.p[11:20],exp.p[21:30]), ylab = "Expected 
Proportion  ", xlab=  "  ", col=c("red",  "green",  "blue"), pch=c("J",  

"B",  "A"), lty=  "solid", type=  "b", las=1, cex=1.2, main=  "  ",lwd=1) 
 

matplot(cbind(wetness[1:10],wetness[11:20],wetness[ 21:30]), 
cbind(C[1:10]/N[1:10], C[11:20]/N[11:20],C[21:30]/N [21:30]), 
ylab=  "Expected Proportion  ", xlab=  "Wetness Index  ", col=c("red",  

"green",  "blue"), pch=c("J",  "B",  "A"), las=1, cex=1.2, main=  "  ") 
par(mfrow=c(1,1)) 
 
From the figures you can see that the occurrence of chiltern gentian is most influenced by 

wetness in the Black Forest, with almost no response to wetness in the Alps, and the Jura 

Mountains gentians are intermediate in their response to the wetness gradient.  

 

Now we can fit the model and see how our results compare with what we’ve simulated.  
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chgen.glm <- glm(cbind(C, N-C)~pop*wetness, family= binomial) 
summary(chgen.glm) 
 
See if you can predict the probability of occurrence from the GLM object using the 

predict() command.  

 

Binomial Generalized Linear Mixed-Effects Model (GLMM) 

Our final example will show us a way to address a violation we’ve overlooked in our prior 

analyses, the violation of independence among points along a transect (or transects within an 

area). There is an underlying assumption that each ‘trial’ fit by a binomial GLM is independent; 

in our vegetation transect data this means we assume points along a transect are independent, 

as well as transects within a site or area. If this is not the case (a pretty safe assumption) and 

we ignore this in our analysis, we overestimate the precision of the βs in our model. Another 

way to state this is that our standard errors around our estimates are artificially low. This is 

because the model ‘believes’ each data point provides a full degree of freedom to estimate 

effects, when really each data point has redundant information from other adjacent points. We 

can address this issue by using a generalized mixed-effect model (GLMM) that takes into 

account the hierarchical nature of transect data as well as binomially-distributed errors (we 

spent quite a bit of time on mixed-effects models last year, and you can find more details on 

how they work in last year’s handout).  For our last worked example we’ll use a mixed-effect 

model to analyze a slightly more complex vegetation data set.   

 

You should remember from last year that the ‘mixed’ part of the mixed-effect model was the 

inclusion of fixed and random effects in the model. In a general linear model, and the GLMs we 

have been working with, all the effects were fixed. Fixed effects are treated as independent, 

and are estimated as such by the model in a general or generalized linear model. Using our 

previous example, the ‘area effect’ on a chiltern gentian is estimated independently of 

information from the other areas, i.e., each population is independent and responds as such. 

That may be reasonable in some situations, but it may be equally (or more) likely that the 

populations are not independent but instead part of a ‘super-population’, with underlying 

population processes common among sub-populations. Treating area as a random effect does 

just that, assuming there is an overall mean effect of area that is fixed and a randomly varying 

effect of area for each of the sub-populations. How the sub-populations vary in their response 

to area is assumed to be normally distributed with mean μ and variance σ
2
 (N(0, σ

2
)).  All the 

information from the three areas is used to estimate the overall population-level effect of area, 

with differences among areas realizations of the random variable μ (imagine the bell curve with 

mean μ right in the middle – any number within the curve is a ‘realization’ of the random 

variable μ). This latter point can be confusing; when we model area as a random effect we’re 

saying that there is an underlying mean area effect at the level of the super-population that 

each sampled area we observed varies randomly from. This is different than in the fixed-effect 

form where we’re saying each area is independent of the others and we simply want to 

estimate that effect for that specific area. 
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Another way to think about the differences between a fixed and random effect is that when we 

treat an effect as fixed we estimate a separate β for the effect of each factor level, whereas a 

random effect only needs to estimate a single β for a random intercept and/or slope and their 

respective hyperparameters. For our chiltern gentian example with three areas this isn’t too 

much of an issue, but if you had a factor with many levels there is obviously a savings in degrees 

of freedom and precision. Just now I skipped over the idea that there are at least three sets of 

assumptions that we can make about the intercept and/or slope of regression lines from a 

random effect fitted to grouped data. These are: 

1. Intercepts are random; slopes are constant for all groups (a.k.a. random-intercepts 

model). 

2. Intercepts and slopes are random and independent (random-coefficients model). 

3. Intercepts and slopes are random and correlated (random-coefficients model).   

We explored models 1 and 2 last year and will use model 2 again in our example below.  

 

Our new example for fitting a GLMM will be similar to the example above, except we will have 

16 areas with 10 transects per area, 100 points per transect. We’re going to use model 2 above, 

the random-coefficients model, which means assuming each chiltern gentian population has a 

specific response to standardized spring precipitation but that the intercept and slope are 

‘similar’ among populations. This is a modification of Kéry’s (2010) chapter 19 example on 

woodchat shrikes (Lanius senator).  

 

Data Generation 

n.groups <- 16 
n.trans <- 10 
n <- n.groups*n.trans 
pop <- gl(n=n.groups, k=n.trans) ##gl is a command to generate 
factor levels 
 

Create an index for spring precipitation using a uniformly distributed random variable between 

the values of 0 (little precipitation) and 1 (much precipitation).  

 

prec <- runif(n,0,1) 
 

Create a vector of length n for the number of points on each transect. 

 

N <- rep(100, n) ##Number of points on each transec t 
 

Build the design matrix as before.  
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Xmat <- model.matrix(~pop*prec-1-prec) 
print(Xmat[1:40,], dig=2) ##Print top 40 rows 

  

Now we need to create constrained parameter values for the slope and intercept (i.e., constrain 

them by assuming they each come from a normal distribution). It will help to look at the model 

algebraically first, and then code the parameter values in R. Model 2, a random-coefficients 

model without correlation, can be written as:  

  

�� � ���2���� � ���2������ � 	�. 

�3�2�~	53!6"%�7�� , 8��
) � # Random effects for intercepts 

���2�~	53!6"%�7�� , 8��
) �  # Random effects for slopes 

9�~	53!6"%��, 8
)�   # Residual “random” effects 

 

You can see how this differs from equation 1 above – we now are assuming the two βs are from 

normal distributions, each with their own mean and variance. The mean and variance are also 

known as hyperparameters because they describe the distribution of the β parameters. Now 

let’s set this up in R for our current data set. 

 

intercept.mean <- 1 ##Beta0 mean 
intercept.sd <- 1 ##Beta0 variance 
slope.mean <- -2 ##Beta1 mean 
slope.sd <- 1 ##Beta1 variance 
intercept.effects <- rnorm(n=n.groups, mean=interce pt.mean, 
sd=intercept.sd) 
slope.effects <- rnorm(n=n.groups, mean=slope.mean,  sd=slope.sd) 
all.effects <- c(intercept.effects, slope.effects) ##Put them 
all together 
 

Assemble the counts, Ci, by 1) computing the linear predictor value, 2) applying the inverse-logit 

transformation, and then 3) including random binomial noise.  

 

lin.pred <- Xmat%*%all.effects ##Value of linear pr edictor 
exp.p <- exp(lin.pred)/(1+exp(lin.pred)) ##Expected  proportion 
 

To see the data we’ve simulated we can plot the expected and the observed counts against 

standardized spring precipitation with a Trellis plot. 

 

library(lattice) 
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xyplot(exp.p ~ prec | pop, ylab=  "Expected Chiltern Gentian 
Frequency", xlab= "Spring Precipitation Index", mai n= "  ") 
 
C <- rbinom(n=n, size=N, prob=exp.p) ##Add binomial  variation 
xyplot(C/N ~ prec | pop, ylab=  "Realized Chiltern Gentian 
Frequency  ", xlab=  "Spring Precipitation Index  ", main=  "  ") 
 

Now we can fit a GLMM to our simulated data, but let’s cover a few technical details on the 

code first. You’ll recognize the (1 | pop) as the piece of code that specifies population as 

having a normally-distributed random intercept. The (0 + prec | pop) piece of code 

may seem a bit strange at first. It needs to be that way because a correlation between the 

random slope and random intercept is the default for the lmer()  command, so the 0 + 

prec is telling R to fit the model with a random slope without correlation between the slope 

and intercept.  

 

library(lme4)  
chgen.glmm <- glmer(cbind(C,N-C) ~ prec + (1 | pop)  + (0 + prec 
| pop), family=binomial) 
summary(chgen.glmm) 
 

The means of the random intercept and slope we defined (1 and -2, respectively) are provided 

in the results under ‘Fixed effects: ’. This is a bit confusing at first, but it is related to the 

‘mixed’ part of the mixed-effects models. The estimated fixed effects presented in the summary 

are 1) the overall mean occupancy of chiltern gentians for all 16 sites (given as 

(Intercept) ), and 2) the overall response of gentians to spring precipitation (prec ).  The 

random effects provide the estimated variation of each individual site’s gentians from the 

overall mean occupancy (pop ) and response to spring precipitation (prec ). You can find the 

intercept and slope standard deviations we defined above (both 1) in the ‘Random 

effects: ’ section of the results.  

 

Now let’s extract the estimated random effects.  

 

re.glmm <- ranef(chgen.glmm) 
re.glmm 

 

Remember that these estimates are in ‘logit-land’ and will need to be back-transformed if you 

want to look at them as probabilities (like we did above). Also note that we can’t just back-

transform the object re.glmm , but instead have to work with the re.glmm$pop variable 

produced when we extracted the random effects. Lastly, the estimated random effects are 
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additive, so they need to be added (or subtracted) to the estimated mean population 

occupancy and response to spring population. See if you can figure out how to do this. 

 

So, did we account for the lack of independence among our vegetation transect data? The short 

answer is ‘maybe’. By having ‘pop ’ as a random effect we allowed each site to have its own 

variance structure, which allows for correlation among the transects within a site. It is possible 

to consider transect as a ‘nested’ random effect within site, but because we simulated 

summary counts for the transect-level data this isn’t possible with our data. If we had individual 

records for each point (as discussed above) we could try nesting transect as a random effect in 

our model. This would allow for correlation among points within a transect as well as 

correlation among transects within a site, accounting for the hierarchical nature of the data. 

Moreover, if we had multiple years of data (probably >5) we could explore nesting point as a 

random effect within transect and site. You can see this gets pretty complex quickly, and we 

don’t have time to cover nested random effects, but I wanted you to be aware that it is an 

option in case you need to explore it later for your analysis needs.  
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Intermountain West Wetland Working Group Pilot Project 2014 

 

2014 Objectives 

1. Quantify the current vegetation state and community phase of sampled wetlands 
a. Focus will be on managed semi-permanent wetlands. 
b. Priority wetlands for sampling at a station/WMA will be determined by station staff (see 

below).   
c. Quantifying a wetland’s vegetation state and community phase will assist managers in 

understanding the current ‘condition’ of a wetland relative to the dynamic cycle of semi-
permanent wetlands. 

d. The draft state-and-transition model (STM) conceptualizes the dynamic cycle of semi-
permanent wetlands; combined with knowledge of the current state of a wetland the 
STM assists in determining the timing and type of management actions to perpetuate a 
productive semi-permanent wetland.     

2. Provide baseline submerged aquatic vegetation (SAV) inventory and abundance, and water 
quality data for sampled wetlands. 

a. The measure of SAV abundance is still under consideration (e.g., frequency, canopy 
cover and/or biomass). 

b. pH, salinity, specific conductivity, temperature, water depth, and turbidity (secchi disk 
depth) will be recorded.  

3. Provide draft vegetation community phase descriptions of sampled wetlands. 
a. Sampling wetlands across a broad gradient of ecological sites will provide greater ability 

to define vegetation community phases based on abiotic setting. 
4. Conduct pilot year of monitoring development, including draft protocols, field data forms, 

database, etc.  

 

Ecological Sites and Site Descriptions 

“An ecological site is a type of land with specific physical characteristics (climate, soil, topography) that 
differs from other kinds of land in its ability to produce distinctive kinds and amounts of vegetation. A 
landscape is made up of a patchwork of ecological sites. For instance, a single station may contain 
several different ecological sites. Different ecological sites respond differently to management. Wetland 
ecological site descriptions (ESDs) tell you about the characteristics of a given site, such as its hydrology, 
water chemistry, soils, the plants you might find there, and the value of the site for management 
objectives such as migratory bird habitat. By providing information on the potential plant communities 
on particular ecological sites, ESDs can help managers set realistic objectives for the land they manage.”  
Excerpted, and modified slightly, from the New Tools for Land Management fact sheet developed by 
Colorado State University. 



Weather and Climate Data for Ecological Site Descriptions 

Climate summaries to be included in each station ecological site description (ESD). 

Precipitation data and Palmer Hydrological Drought Index (PHDI) at the climate region scale – obtain 
annual precipitation data and PHDI for the climate region, 1895–2014, in .csv format.  

1. Navigate to NOAA ‘Climate at a Glance’ website http://www.ncdc.noaa.gov/cag 
2. Select ‘Precipitation’ in the Parameter drop-down box 
3. Select ‘Annual’ in the Time Scale drop down box 
4. Set 1895 as Start Year and 2014 as End Year 
5. Select your state 
6. Select your Climate Division 
7. Scroll down to ‘Download’ and click on the Excel .csv icon 
8. Repeat this process starting with selecting ‘Palmer Hydrological Drought Index’ in the 

Parameter drop-down box 
9. Send the data to Jeff, who will produce figures for each station that submits data 

Monthly temperature and precipitation data from the Western Regional Climate Center 

1. Navigate to the WRCC Climate Historical Summaries website 
http://www.wrcc.dri.edu/climsum.html  

2. Select your state (hotlink works better than the map for this; you’ll get a second map of just 
your state to look at using the hotlink) 

3. Select the closest station to your refuge/WMA or another nearby station if has a longer 
period of record but would still be representative of your refuge 

4. In the left window select the ‘Daily Extremes and Averages’ hotlink under Temperature 
heading 

5. Right click on graph and select ‘save image as’; save the image and paste into your ESD 
6. Repeat steps 4 and 5 for ‘Daily Extremes and Averages’ and ‘Monthly Average’ under 

Precipitation 

Snow-water equivalent data (for wetlands where run-off is an important hydrological driver) 

1. Navigate to the NRCS SNOTEL Data and Products website 
http://www.wcc.nrcs.usda.gov/snow/  

2. Select your state 
3. Select the closest site within your refuge/WMA watershed 
4. Under ‘Site Reports,’  ‘Snow Water Equivalent’ (row) ‘Historical’ (column) click the ‘Daily’ 

hotlink.  You will get a report of Year, Day x Month for Historical Daily SWE 
5. Export the report to .csv files (Excel icon at top right of webpage under ‘View Report’) 
6. Send the .csv data to Jeff, who will produce figures for each station that submits data 

 



Snow-water equivalent figure 

1. Navigate to the NOAA Northwest River Forecast Center snow conditions website 
http://www.nwrfc.noaa.gov/snow/ 

2. Select the closest site within your refuge/WMA watershed 
3. Export the second figure (plot of maximum, minimum, mean, and current water year SWE) and 

paste into your ESD 

 

Identify Wetlands for Sampling 

Each station should provide prioritization of wetlands for sampling in 2014. Prioritization should be 
based on objectives, proposed management actions (e.g., drawdown schedule if interested in baseline 
data for looking at vegetation response), etc.  A wetland selected for sampling can be a natural basin, a 
managed basin, part of a large basin, or a managed impoundment. 

 

Spatial Data for Sample Design  

We need to delineate a sampling frame, i.e. where in space sampling will occur, for each wetland that 
will be considered for sampling (2014 and beyond). Given the current focus on SAV within semi-
permanent wetlands (or impoundments managed to be semi-permanent), a wetland’s sampling frame 
needs to draw a line that separates the semi-permanent and seasonal portions of a wetland, ultimately 
creating a polygon that represents the maximum extent of the semi-permanent wetland vegetation. 
This polygon will represent a static sampling frame, even though the semi-permanent zone of the 
wetland may contract within that polygon (i.e., extended dry periods will result in the semi-permanent 
portion of the wetland receding with water levels). We don’t want the semi-permanent portion of the 
wetland to exceed the polygon, however, which is why we’re using the maximum extent.  

The first place to start should be National Wetlands Inventory (NWI; http://www.fws.gov/wetlands/ ). 
Much of the NWI in the west was based on 1980s imagery, so it will likely capture the maximum extent 
of semi-permanent wetlands.  

1.  Download NWI data at http://www.fws.gov/wetlands/Data/Data-Download.html.  It can be 
downloaded by state under ‘data by state’ or by visible extent in the ‘Wetland Mapper’ 

2. Clip the NWI data by your approved refuge boundary.  If you do not have GIS capabilities at your 
refuge contact Jenny for assistance. 

3. Examine NWI data for the priority wetland sites you have chosen to see if the NWI adequately 
represents the semi-permanently flooded wetland sites.   

a. Water regime F is semi-permanently flooded.  For example PEM1F is a palustrine(P), 
emergent (EM), persistent (1), semi-permanently flooded (F) wetland.  Based on the 
broad ecological site description Adonia defined for the top down STM, we are also 
including habitats classified as intermittently exposed (NWI water modifier = G), and 



permanently flooded (water modifier = H) lacustrine (L)(shallow lakes).  Permanently 
flooded palustrine habitats may also be included if a wetland site has been previously 
managed as permanent wetlands.  

b. Overlaying NWI data on NAIP imagery (back to 2004) and any available historical photos 
can also inform if NWI adequately captures semi-permanent habitats.  NAIP imagery can 
be downloaded at http://datagateway.nrcs.usda.gov/.  Click on “get data” in the upper 
left and follow instructions. 

4. Send clipped NWI data to Jenny with any comments related to how adequate the NWI is for 
defining the sampling frame of a wetland. 

5. Additional spatial data that delineates impoundments, management units, water control 
structures, LiDAR, etc., that will be helpful in creating sampling frames should also be included 
(send to Jenny). 
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                             Body condition dynamics and the cost-of-delay hypothesis in 
a temperate-breeding duck      

    Jeffrey M.     Warren  ,       Kyle A.     Cutting     and         David N.     Koons            

  J. M. Warren (jeff rey_warren@fws.gov) and K. A. Cutting, US Fish and Wildlife Service, Red Rock Lakes National Wildlife Refuge, 27650B 
South Valley Road, Lima, MT 59739, USA.  –  D. N. Koons and JMW, Dept of Wildland Resources, 5230 Old Main Hill, Utah State Univ., 
Logan, UT 84322, USA. DNK also at: Ecology Center, 5230 Old Main Hill, Utah State Univ., Logan, UT 84322, USA.                               

 Pre-breeding body condition is an important determinant of reproductive success in birds, largely through its infl uence 
on timing of breeding. Declines in clutch size and recruitment probability within breeding seasons indicate a tradeoff  may 
exist between the number of young (clutch size) and quality of young (recruitment probability). We explored local drivers 
of pre-breeding body condition and tested predictions of the cost-of-delay hypothesis in female lesser scaup  Aythya affi  nis . 
Yearling females arrived on the study site in lower body condition than older females, but both age classes had similar 
rates of body condition gain on the breeding grounds prior to nesting. Rates of body condition gain were positively infl u-
enced by water temperature, a proxy for wetland phenology. Th e eff ect of water level was asymptotic and interacted with 
water temperature, with greater rates of gain in body condition occurring in years with low water levels. Our results sup-
ported the predicted response of clutch size to the rate of pre-breeding body condition gain. After accounting for lay date, 
clutch size was positively related to the rate of body condition gain (b     �    0.08    �    0.039). We did not fi nd support for a 
predicted interaction between rate of body condition gain and intra-seasonal decline in clutch size (b     �    0.01    �    0.01). Our 
results indicate that local conditions during pre-breeding infl uence body condition dynamics in female lesser scaup, which 
subsequently aff ects clutch size.    

 Early birds get not only the worm, but generally have higher 
reproductive success as well. Survival and recruitment of 
young hatched from early nests are generally higher than 
from nests of later breeding conspecifi cs (Hochachka 1990, 
Verboven and Visser 1998, Lepage et   al. 2000, Blums et   al. 
2002, Elmberg et   al. 2005). Moreover, females that nest 
earlier generally produce larger clutches (Klomp 1970, 
Ankney and MacInnes 1978, Krapu 1981). However, 
few females actually nest early when fi tness advantages 
could be greatest (Lack 1968, Perrins 1970). Strong cor-
relations between body condition, the timing of reproduc-
tion, and clutch size in birds indicate that many females 
may be incapable of nesting early due to inadequate body 
condition (Dijkstra et   al. 1988, Pieti ä inen and Kolunen 
1993, Devries et   al. 2008). Instead, many females face a 
trade-off  between delaying breeding to increase their body 
condition and potential for a larger clutch, versus breed-
ing earlier in lower body condition and producing fewer, 
but potentially higher-quality off spring (Drent and Daan 
1980). Known as the cost-of-delay hypothesis, the infl u-
ence of reproductive timing on the tradeoff  between more 
young and higher quality young appears nearly ubiquitous 
among bird species (Rohwer 1992). 

 Rowe et   al. (1994) formalized the cost-of-delay hypoth-
esis in a dynamic mathematical model, facilitating the test-
ing of predictions. In doing so, they defi ned how a female 

can maximize individual fi tness potential using an  ‘ optimal 
switch curve ’  (Rowe et   al. 1994; Fig. 1). Th e optimal switch 
curve essentially defi nes the balance between the competing 
values of producing an additional egg versus the likelihood 
that the egg will successfully produce a recruit. Assuming 
similar rates of gain in body condition, a female in better 
initial condition would initiate a nest sooner, producing a 
larger clutch earlier than a female whose initial condition 
was lower. Similarly, years in which relatively early nesting 
occurs in a population are predicted to have larger mean 
clutches than years in which nesting is delayed. Changes 
in the rate of body condition gain move the optimal switch 
curve to the right (increased rate of gain) or left (decreased 
rate of gain) (Fig. 1). Greater rates of gain in body condition 
result in larger clutches regardless of timing of nesting; lesser 
rates of gain result in the opposite. 

 Th e rate of gain in body condition, and thus the time 
at which a female will initiate nesting, is likely infl uenced 
by the interplay between an individual ’ s age, experience and 
local environmental factors that determine foraging opportu-
nities. Little direct evidence is available to determine if more 
experienced individuals have greater rates of gain in body 
condition than less experienced individuals. More experi-
enced individuals do, however, generally arrive earlier on the 
breeding grounds, initiate nesting earlier, and produce larger 
clutches (Birkhead et   al. 1983, Sydeman et   al. 1991, Devries 
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et   al. 2008). Moreover, females commonly increase somatic 
lipid reserves after arrival on the breeding ground prior to 
nest initiation (Alisauskas and Ankney 1992), even in spe-
cies with relatively short periods of time between arrival and 
nest initiation (e.g. Arctic nesting geese; Budeau et   al. 1991, 
Fox et   al. 2006). Environmental conditions on the breeding 
grounds that infl uence the ability of females to increase body 
condition may therefore play an important role in an indi-
vidual ’ s reproductive success. For example, the infl uence of 
snow cover on forage availability has repeatedly been impli-
cated as a driver of reproductive success in Arctic nesting 
geese (Barry 1962, Prop and de Vries 1993). Reduced avail-
ability of forage resources on the breeding grounds would 
limit the ability of females to improve or maintain body con-
dition during the period between arrival and nest initiation 
for these species. Studies have demonstrated both local infl u-
ences of environmental conditions on reproductive success, 
and signifi cant increases in body condition on the breeding 
grounds, but few have explored drivers of gain in body con-
dition during pre-breeding periods (Mainguy et   al. 2002) 
and how these may simultaneously aff ect clutch size via cost-
of-delay predictions. 

 Lesser scaup  Aythya affi  nis  (hereafter scaup) are one of the 
latest nesting North American ducks (Bellrose 1980). Th e 
prolonged period on the breeding grounds prior to nest-
ing, which can be in excess of a month (Afton 1984, War-
ren unpubl.), provides females considerable opportunities 
to improve body condition prior to nesting. Scaup utilize 
somatic reserves for clutch formation (Afton and Ankney 
1991, Esler et   al. 2001), with a signifi cant proportion of those 
reserves locally acquired (Warren and Cutting 2011, Cutting 
et   al. 2012). Early nesting scaup also recruit more young 
than later nesting conspecifi cs (Dawson and Clark 2000). 
A prolonged pre-breeding period, reliance on somatic reserves 
derived from local resources for clutch formation, and a 
seasonal decline in recruitment make lesser scaup a particu-
larly interesting species to explore body condition dynamics 
within the context of the cost-of-delay hypothesis. 

 We undertook the current study to: 1) explore within 
and among year dynamics of pre-breeding body condition 

in female lesser scaup, and 2) test predictions of the cost-
of-delay hypothesis using mean body condition, nest ini-
tiation dates, and clutch sizes during six years of study on 
a breeding population of lesser scaup in the southwestern 
extent of their range.  

 Hypotheses and predictions  

 Body condition dynamics 

 Primarily carnivorous during the breeding season, scaup for-
age heavily on amphipods (e.g.  Gammarus  spp. and  Hyalella  
spp.) prior to and during clutch development (Rogers and 
Korschgen 1966, Afton and Hier 1991), which provides 
females with a great deal of protein and lipids. For example, 
lipid content of  G. lacustris , the most common amphipod 
on our study site, peaks in spring and early summer around 
15%, while protein content averages  ≈  40% (Mathias 
et   al. 1982, Arts et   al. 1995). Th e peak of lipid content in 
amphipods coincides with amphipod reproduction (Arts 
et   al. 1995), which in turn is closely linked to water tem-
perature (Smith 1973). We hypothesized that spring phenol-
ogy would positively infl uence the abundance and quality 
of amphipods on the study site. Th us, our prediction was 
that mean scaup body condition would increase at a greater 
rate during springs with relatively early wetland phenol-
ogy. We therefore predicted a non-linear pseudo-threshold 
relationship between water temperature and female body 
condition, given that amphipod reproduction peaks at tem-
peratures similar to maximum water temperatures observed 
on the study site (Smith 1973). We similarly hypothesized 
that female body condition would be positively infl uenced 
by the availability of preferred foraging areas, i.e. shallow to 
intermediate depth (50 – 150 cm) open-water habitat (Tor-
rence and Butler 2006). Higher water levels on the study site 
correspond to more of the open-water habitat on the study 
site within the preferred depth for scaup, so we predicted a 
positive linear relationship between water depth and mean 
body condition gain. Lastly, female experience is an impor-
tant determinant of spring body condition in female ducks 
(Peterson and Ellarson 1979, Hohman 1986), with more 
experienced females often arriving on the breeding grounds 
in better condition, initiating nests earlier, and producing 
larger clutches (Krapu and Doty 1979, Baillie and Milne 
1982, Devries et   al. 2008). Older females were therefore pre-
dicted to be in better body condition and have greater rates 
of gain in body condition.   

 Cost-of-delay hypothesis 

 Based on the cost-of-delay hypothesis, we made two predic-
tions regarding the relationship between the rate of gain in 
body condition and clutch size. First, after controlling for 
timing of breeding, years with higher rates of gain in body 
condition were predicted to have larger clutches. Higher 
rates of gain in body condition shift the optimal switch 
curve to the right (Fig. 1), resulting in all females having 
larger clutches than at lower rates of gain. Second, the slope 
of the switch curve should change with varying rates of body 
condition gain (Rowe et   al. 1994; Fig. 1). After controlling 

  Figure 1.     Predicted relationships among body condition, lay date, 
and clutch size from the cost-of-delay hypothesis (modifi ed from 
Rowe et   al. 1994). Bold lines indicate the optimal time, i.e. optimal 
switch curve, for an individual to initiate nesting based on initial 
body condition (y-axis intercept) and the rate of body condition 
gain (slope of dashed lines). Higher rates of body condition gain 
result in 1) larger clutches, and 2) a steeper intra-seasonal decline in 
clutch size across individuals in a population.  
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for timing of breeding among years, we predicted that years 
with steeper rates of gain in body condition on the breed-
ing grounds would have steeper declines in clutch size as the 
season progresses, assuming a relatively constant decline in 
off spring quality among years.    

 Methods  

 Data collection 

 Th is study was conducted on Lower Red Rock Lake (Lower 
Lake) in southwest Montana (Fig. 2). Lower Lake is a large 
(2332 ha), high elevation (2014 m above mean sea level) 
wetland encompassed by Red Rock Lakes National Wild-
life Refuge (Refuge). Water depths typically do not exceed 
1.5 m during the nesting season, with large open water areas 
interspersed with hardstem bulrush  Schoenoplectus acutus  
islands. Nearly half of the area is extensive stands of season-
ally fl ooded beaked sedge  Carex utriculata  that contain small 
( �    2 ha), scattered open water areas. Average annual precipi-
tation is 495 mm with 27% occurring during May and June. 
Annual average temperature is 1.7 ° C. Th e study site has one 
of the harshest, and most variable, breeding season environ-
ments utilized by lesser scaup as measured by growing season 
length (Gurney et   al. 2011). 

 Female lesser scaup were captured via spotlighting for 
3 – 6 nights during each new moon phase during the months 
of May – June, 2006 – 2011. Captures occurred on 34 diff er-
ent calendar dates among all years between 9 May – 23 June 
(overall median nest initiation date). Females were banded 
with a US Geological Survey aluminum leg band and aged 
(AGE) (second year [SY] or after second year [ASY]) based 
on eye color (Trauger 1974). Each female ’ s body mass (near-
est 5 g), and tarsus ( �    0.1 mm), head ( �    0.1 mm), and 
fl attened wing chord ( �    1 mm) lengths were recorded. 

 Nest searches were conducted within  Carex  spp. domi-
nated habitats on the study site each year. Scaup nests were 
located using observational cues of females and trained dogs 
during two searches completed between late May and mid-
July. Daily searches were conducted between 06:00 and 13:00 
h; nests found incidentally while conducting other fi eld 
work were included. When nests were located the number of 
eggs and incubation stage, as determined by fi eld-candling 
(Weller 1956), were recorded. Nest initiation date (INIT) 
was estimated by subtracting the number of eggs and days of 
incubation from the current date and adding 1 day. Clutch 
size was recorded for each nest where evidence of incubation 
was present, but denoted as  ‘ unknown ’  for nests where intra- 
or interspecifi c nest parasitism was evident. 

 We also quantifi ed spring habitat conditions on the study 
site each year. A capacitance probe water level and tempera-
ture data logger was deployed each year in April at the west-
ern outfl ow of Lower Lake. Water levels ( �    0.1 mm) and 
temperatures ( �    0.1 ° C) were recorded hourly throughout 
the breeding season. To explore relationships between female 
body condition and spring phenology and wetland water 
conditions, we calculated mean water temperatures (TEMP) 
and levels (LVL) for each day captures occurred. Th is was 
done by averaging hourly temperature and level measure-
ments for each capture day and preceding 10 days ’  data.    

 Analysis 

 Our analysis consisted of two primary aspects. First, we 
explored female body condition dynamics in response to 
habitat attributes and female age using mixed-eff ects models. 
Th ese data were obtained from females captured during the 
pre-breeding period. Few females were captured more than 
once, so our analysis explored general patterns in body con-
dition observed for the breeding population studied. Second, 
we tested the cost-of-delay hypothesis using the relationship 

  Figure 2.     Lower Red Rock Lake study area within Red Rock Lakes National Wildlife Refuge, southwest Montana, USA.  
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with satellite transmitters all returned the following spring 
on or before 8 May. 

 We tested for diff erences among years in clutch size and 
nest initiation using single factor ANOVA. To test our pre-
dictions regarding the response of clutch size to rate of gain 
in body condition, we used a mixed-eff ect model with YEAR 
as a random eff ect and a fi xed-eff ect structure of standardized 
nest initiation date (INIT) and the estimated slope of gain 
in body condition for each year (BCRate). An interaction 
was included between INIT and BCRate to test our second 
prediction of steeper seasonal declines for clutch size in years 
with greater rates of gain in female body condition.     

 Results 

 Spring phenology and wetland conditions varied consider-
ably among years during our study. Mean water temperature 
from 1 May – 15 June varied from a low of 7.4 ° C (SD    �    9.8) 
in 2008 to a high of 14.4 ° C (SD    �    3.0) in 2007 (Table 1). 
Water levels similarly varied from the drought year of 2007 
at a level of 2013.6 m a.s.l. (m.s.l.) (SD    �    0.29) to 2014.2 m 
above m.s.l. in 2006 and 2011 (SD    �    0.04 and 0.06, respec-
tively) (Table 1). Th e diff erence between these years, 0.6 m, 
represents an approximate halving of mean water depths 
across the study area between the drought year of 2007 and 
2006 and 2011. 

 We captured 266 females during 2006 – 2011 that were 
included in the analysis of body condition dynamics. Th is 
sample of individuals from the site included females that 
were breeding (i.e. egg in the oviduct determined by pal-
pation). Variation in the proportion of breeding females 
captured among years could bias results, especially during 
periods of poor wetland conditions when the proportion of 
breeding females declines and early emigration from breed-
ing areas occurs (Rogers 1964, Afton 1984). We tested for 
a diff erence in the proportion of breeding females in the 
sample among years using a generalized linear model, log 
link, and binomially-distributed errors. After accounting for 
capture date, the proportion of breeders in the sample did 
not diff er among years except 2009, which had fewer breed-
ers captured (b  2009     �     � 1.71, p    �    0.06). Mean proportion of 
breeders captured by year was 0.19, 0.19, 0.0, 0.24, 0.38 and 
0.0 for 2006 – 2011, respectively. 

 Th e fi rst principal component explained 74% of the 
variation in female head and tarsus measurements; PCA val-
ues ranged from  � 4.3 to 3.6 (structurally largest to small-
est females, respectively). Female body mass was correlated 
to structural size with structurally larger females being 

between predicted annual rate of body condition gain and 
clutch size within and among years. 

 Female body condition was estimated as a size-adjusted 
body condition index (BCI) calculated for each female. 
A principal component analysis was conducted using female 
head and tarsus measurements, and female body mass was 
regressed on the fi rst principal component. Th e resulting 
regression residual for each female was used as the BCI 
(Devries et   al. 2008). Negative BCI values indicate females 
that have a lower than average mass for a given structural 
size, and positive values indicate the opposite. 

 Mixed-eff ects models were used to explore breeding 
season dynamics of female body condition (package nlme 
in R 2.15.1; 2013). We began with a mixed-eff ect model 
with a response of female body condition (BCI), fi xed-eff ect 
interactions among TEMP, LVL, and AGE, and a random 
intercept for YEAR. TEMP was log-transformed to account 
for the predicted asymptotic relationship between condi-
tion gain and water temperature. Non-signifi cant ( α   �    0.10) 
fi xed-eff ect parameters were removed in a backwards-step-
wise process from the model. Models were fi t using restricted 
maximum likelihood estimation and ranked based on values 
of Akiake ’ s information criterion (AIC; Burnham and Ander-
son 2002). Residual diagnostic plots from the selected model 
were used to test for violation of normality and homogeneity 
(Zuur et   al. 2009). 

 Including YEAR as a random eff ect provides several 
benefi ts. First, we don ’ t assume years are independent and 
comprise all of the factor levels of interest. Instead, the eff ect 
of year is treated as a random variable, with individual year 
eff ects realizations of that distribution. Th is allows infer-
ence to non-sampled factor levels, i.e. years, and acknowl-
edges that diff erent values would be expected if the study 
were repeated (K é ry 2010). Second, because year eff ects 
are not treated as independent, estimated eff ects of year 
on the rate of body condition gain are dependent on all 
factor levels, leading to greater precision when estimating 
individual year eff ects (K é ry 2010). Th is can be contrasted 
with year as a fi xed eff ect where each year ’ s factor level is 
estimated independent of information from the other years 
in the sample, which could lead to bias in our results with 
variation among years in female arrival and initial capture 
dates. For example, if the timing of fi rst captures within 
a year occurred shortly after arrival a higher proportion 
of early arriving females in better body condition may 
have been sampled. Conversely, if initial captures occurred 
relatively later in the spring more late-arriving females of 
poorer body condition would be available for sampling. 
Th is could lead to diff erences in the rate of body condi-
tion change among years due to sampling. Including year 
as a random factor reduces the risk of that bias by assum-
ing an underlying population-level process of body condi-
tion gain that varied randomly among years. Moreover, the 
timing of captures was such that most females on the site 
were available for sampling during both capture occasions 
each year. Uniquely marked scaup females were detected 
at a consistent and high level (probability of detection,  p , 
approximately 0.77) during surveys conducted mid-May 
2006 – 2008 on the study site (Warren unpubl.), indicating 
most females had arrived on the site prior to surveys. Addi-
tionally, females marked on the study site in 2009 (n     �     6) 

  Table 1. Pre-breeding period (1 May – 15 June) mean water tempera-
ture and lake level on the Lower Red Rock Lake study area during 
2006 – 2011. Standard deviations are presented parenthetically.  

Year
Mean 

temperature ( ° C)
Mean level 
(m a.m.s.l.)

2006 12.0 (3.2) 2014.2 (0.04)
2007 14.4 (3.0) 2013.6 (0.29)
2008 7.4 (9.8) 2014.1 (0.48)
2009 11.5 (6.8) 2014.0 (0.45)
2010 8.9 (7.1) 2013.9 (0.58)
2011 13.5 (8.6) 2014.2 (0.06)
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the earliest (2007) and latest (2011) years having the largest 
and smallest clutch sizes, respectively (Table 3). However, 
peak nest initiation occurred within three days for four of 
the years studied. Estimates of clutch size and initiation date 
for 2011, the latest nesting year, may have been biased by 
second nesting attempts as water levels on the study site rose 
throughout the normal period of nesting for lesser scaup and 
some nest fl ooding was observed. 

 We found mixed support for our predictions based 
on the cost-of-delay hypothesis. After accounting for 
 initiation date, annual mean clutch size was positively infl u-
enced by the rate of gain in female body condition after 
arrival ( b   BCRate   �  0.085, SE  �  0.039, p  �  0.093; Table 4). 
 Conversely, after accounting for initiation date, intra-
annual declines in clutch size were not related to the rate 
of body condition gain (b  BCRate  �  INIT   �  0.010, SE  �  0.012, 
p  �  0.404; Table 4).   

 Discussion  

 Body condition dynamics 

 An individual ’ s body condition during the pre-breeding 
period strongly infl uences the timing of breeding in birds 
(reviewed by Drent 2006, Nager 2006), an important deter-
minant of reproductive success (Rohwer 1992). Few studies, 

heavier than smaller females, but considerable variation was 
not explained by the relationship (b     �     � 17.4, p    �    0.001, 
adjusted  R  2      �     0.08). Body condition index values ranged 
from  � 206.0 to 193.6, with a mean of 0.06 (SD    �    69.0). 
Assuming a linear relationship between body condition and 
calendar date, female body condition increased an average 
of 2.2 index points per day (SE    �    0.25) amongst all years 
of study; this equates to a female of average structural size 
gaining 2.2 g of mass per day during the pre-breeding period 
until peak nest initiation. Th is is corroborated by a small 
number of individuals (n    �    4) that were captured twice 
within a year  –  mean mass gain of these females was 2.03 g 
d �1  from mid-May to mid-June. 

 Th e best model of female body condition supported our 
prediction regarding gain in body condition and spring phe-
nology. Mean female body condition increased non-linearly 
with water temperature, but the relationship was dependent 
upon water level (i.e. an interaction) such that gains were 
greatest at lower water levels on the study site, contrary to 
our prediction regarding the response of body condition 
gain to water depth (Table 2). Th e interaction between water 
temperature and level indicated females had a higher rate 
of gain in body condition during years with low water. For 
example, an adult (ASY) female was predicted to have a 
BCI of  – 103.6 at 8 ° C water temperature and a low water 
level (2013.5 m a.m.s.l.). Increasing water temperature to 
18 ° C increased the predicted BCI to 61.2. However, the 
same change in water temperature with a high water level 
(2014.2 m a.m.s.l.) resulted in a narrower range of change 
in BCI from 6.2 to 81.5 in ASY females. Th e rate of female 
body condition gain did not diff er based on age class (i.e. 
interaction terms with AGE had p values   �   0.50), how-
ever yearling females did have lower mean body condition 
(b  SY     �     � 27.4, p    �    0.001; Fig. 3). Graphical tests of normal-
ity and variance homogeneity did not indicate violations of 
these assumptions. 

 A total of 261 nests were located during the study for 
which clutch size was determined, ranging from 22 nests 
found in 2011 to 58 found in 2008. Th e earliest nest 
initiation date observed was 22 May 2006, and the latest 
was 21 July 2011. Mean clutch sizes varied signifi cantly 
among years (F 5,255     �    11.46, p    �    0.01) with 2011 having 
the smallest clutches ( x̂     �    6.7, SD    �    2.00) and 2007 the 
largest (x̂     �    8.5, SD    �    1.23) (Table 3). Similarly, initiation 
dates diff ered among years (F 5,255     �    17.15, p    �    0.01). Mean 
nest initiation varied 20 d during the six years studied, with 

  Table 2. Coeffi cient estimates, standard errors (SE), and p-values for 
covariates in the most parsimonious mixed-model for female lesser 
scaup body condition on the Lower Red Rock Lake study area. 
Covariates include age class (age: SY or ASY), mean water tempe-
rature (TEMP) and level (LVL) on the study site for the 10 d 
preceding capture. A random intercept of year was included in 
the model, which has an estimated standard deviation of 30.87 
(residual deviation    �    60.91).  

Model parameter β̂ SE (β̂) p

Intercept  – 1407.9 447.3 0.002
Age(SY)  – 27.4 7.7 0.001
log(TEMP) 490.0 170.2 0.004
LVL 147.7 56.9 0.010
LVL:log(TEMP)  – 48.0 22.0 0.030

  Table 3. Mean clutch size and nest initiation dates for lesser scaup 
on the Lower Red Rock Lake study area during 2006 – 2011. Stan-
dard deviations are presented parenthetically.  

Year Clutch size Initiation date

2006 7.0 (1.77) 173 (10.5)
2007 8.5 (1.23) 166 (7.9)
2008 8.4 (1.44) 175 (6.1)
2009 7.2 (1.23) 174 (8.6)
2010 8.2 (1.37) 174 (9.5)
2011 6.7 (2.00) 186 (8.8)

  Figure 3.     Relationship between relative body condition of female 
lesser scaup and water temperatures by year based on the most 
parsimonious model: BCIndex    �    Age  �  log(TEMP)  �    LVL. Rela-
tive body condition is predicted for the mean water level for 
each year.  
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non-breeding females emigrated from the site prior to peak 
nest initiation. Th is would bias estimated rates of body con-
dition gain high relative to non-drought years. We did not 
fi nd support for this; after accounting for capture date there 
was not a signifi cantly higher proportion of breeding females 
in our sample during low water years (i.e. 2007 and 2010). 

 In migratory birds, older females tend to arrive on the 
breeding grounds in better body condition (Baillie and 
Milne 1982, Hohman 1986, Devries et   al. 2008). We simi-
larly found that older females were in better body condition 
on the breeding grounds at the beginning of the pre-breed-
ing period. However, we did not fi nd evidence that older 
females had a higher rate of body condition gain during the 
pre-breeding period than yearling females. Th is relationship 
indicates that experience may play a greater role in body 
condition dynamics prior to arrival, rather than while pres-
ent, on the breeding grounds. Based on satellite-transmitter 
marked females (n     �     6), scaup tend to migrate in a counter-
clockwise pattern from the study site to wintering grounds 
and back (Warren unpubl.). Th erefore, yearling females 
may be using spring staging habitats for the fi rst time prior 
to arrival on the breeding ground, while older individuals 
would have had previous experience on spring staging habi-
tats. Conversely, yearling females philopatric to their natal 
area would be utilizing familiar habitat upon return to the 
breeding grounds. Th is could result in the observed pattern 
of lower initial body condition of yearling females relative 
to older females, but similar rate of body condition gain 
between the two age classes once on the breeding grounds. 
Lower initial body condition but similar rates of body con-
dition gain on breeding grounds would similarly lead to 
consistent diff erences in body condition during the breeding 
season between yearling and older females (Krapu and Doty 
1979, Krapu 1981).   

 Cost-of-delay hypothesis 

 Th e cost-of-delay hypothesis views the timing of reproduc-
tion in birds as a tradeoff  between nesting early to produce 
higher quality young or later to produce a larger clutch (Drent 
and Daan 1980). Our study provides a unique opportunity 
to test the cost-of-delay hypothesis, as formalized by Rowe 
et   al. (1994), with respect to the infl uence of mean body 
condition gain on clutch size. After controlling for timing of 
nest initiation, clutch size was positively related to the rate 
of body condition gain in lesser scaup. Th e observed trend 
followed the prediction regarding the infl uence of the rate 
of body condition gain on clutch size; an increase in the rate 
of body condition gain should result in an increase in the 
optimal clutch size (Reynolds 1972, Drent and Daan 1980, 
Rowe et   al. 1994). Th e relationship between the rate of body 
condition gain and clutch size indicates females are likely 
responding to local conditions and  ‘ fi ne-tuning ’  the timing 
of breeding. Much of the work regarding pre-breeding body 
condition infl uences on breeding in waterfowl have focused 
on condition of individuals on spring staging areas (Fox 
et   al. 2006) or shortly after arrival to the breeding grounds 
(Devries et   al. 2008). Th is emphasis is well warranted given 
the considerable reliance on somatic reserves for fueling 
reproduction and the timing of breeding in most temperate 
and Arctic nesting waterfowl (Alisauskas and Ankney 1992). 

however, have explored local drivers of body condition gain 
during the pre-breeding period. Our results indicate wetland 
phenology and water conditions are strong drivers of body 
condition in female lesser scaup during the pre-breeding 
period. We found that the rate of body condition gain in 
lesser scaup was positively infl uenced by water temperature, 
a strong proxy for wetland phenology. Earlier wetland phe-
nology may provide greater foraging opportunities for female 
scaup through higher abundance of invertebrate prey. 

 Th e infl uence of wetland phenology on the rate of body 
condition gain in female scaup was nevertheless dependent 
upon the water level of the study site. Deeper levels weak-
ened the relationship between body condition gain and 
water temperature, resulting in lower rates of body condi-
tion gain across the range of temperatures experienced dur-
ing the study. Th is is not altogether surprising given that 
water temperature increases more slowly during high water 
periods than during low water levels, infl uencing wetland 
phenology and invertebrate abundance. Conversely, low 
water levels could concentrate important prey items, provid-
ing for better foraging effi  ciency and greater rates of body 
condition gain. Water level recession has been demonstrated 
to positively infl uence reproductive success in wading birds, 
with a proposed mechanism of increased foraging effi  ciency 
through concentration of prey (Kahl 1964, Frederick and 
Collopy 1989). Th e lower water levels observed during this 
study did not reduce the surface area of open water available 
to pre-breeding females, but instead reduced the overall vol-
ume of water. Decreased depth of the water column could 
concentrate aquatic invertebrates, important prey items 
for pre-breeding lesser scaup (Rogers and Korschgen 1966, 
Dirschl 1969, Afton and Hier 1991). Low water levels expe-
rienced on the site during this study occurred during periods 
of regional (i.e. Intermountain West) drought, and females 
were predicted to have lower body condition upon arrival 
during these years. Th e eff ect of drought on lesser scaup 
during the breeding season is marked by reduced breeding 
propensity and early emigration from breeding areas. (Rog-
ers 1964, Afton 1984). Th erefore, the observed pattern of 
greater rates of body condition gain during low water peri-
ods could occur if the proportion of breeding females cap-
tured on the site was higher during drought years because 

  Table 4. Coeffi cient estimates, standard errors (SE), and p-values for 
mixed-models exploring relationships between clutch size and rate 
of body condition gain for female lesser scaup on the Lower Red 
Rock Lake study area, 2006 – 2011. Covariates include standardized 
nest initiation date (INIT) and population-level rate of body condi-
tion gain (BCRate). A random intercept of year was included in the 
model, which had an estimated standard deviation of 0.618 for the 
additive model and 0.623 for model containing the interaction 
(residual deviation 1.30 for both models).  

Model parameter β̂ SE (β̂ ) p

Intercept 5.29 1.12  �    0.001
INIT  � 0.76 0.08  �    0.001
BCRate 0.08 0.04 0.093
Intercept 6.31 1.12  �    0.001
INIT  � 1.04 0.35 0.002
BCRate 0.08 0.04 0.097
INIT  �  BCRate 0.01 0.01 0.404
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body condition gain in females as predicted by Rowe et   al. 
(1994). However, we did not fi nd strong support for the 
predicted response of clutch size decline to varying rates of 
body condition gain. Work similar to ours, but at the level of 
individuals, would provide greater insight into the patterns 
observed during this study.                   
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Introduction 1 
 2 
Uncertainty regarding how to reach objectives for elk and bison populations, desired habitat 3 
conditions, and disease management in Jackson Hole remains after many years of study and 4 
debate. Determining an effective set of management actions to meet multiple and potentially 5 
conflicting objectives is needed. In an effort to address this, an adaptive management (AM) 6 
approach is being undertaken (Walters 1986). There are four essential elements to an adaptive 7 
management approach: 1) well defined and mutually agreed upon objectives, 2) clearly 8 
articulated management actions and strategies, 3) a model, or competing models, describing 9 
the dynamics of the system being managed, and 4) a monitoring program to quantify system 10 
response to management and allow estimation of the difference between the observed and 11 
predicted (from the model or models) system response. A fifth component, optimal decision 12 
making, is also included in some AM efforts. The AM approach is ‘adaptive’ because learning 13 
through management experiments (management actions implemented to change the state of 14 
the system) occurs. In single-model AM projects the learning results in better estimates of the 15 
effects included in the model, i.e., there is less uncertainty about how the system will respond 16 
to management actions. In multiple-model AM projects learning occurs through the 17 
competition of models in the model set. Each model provides a representation of a competing 18 
idea (hypothesis) about how the system works. The model that best predicts system response 19 
to management provides support that the hypothesis it represents is a better description of the 20 
system than the other hypotheses, reducing uncertainty about the system being managed.    21 
 22 
Uncertainty abounds in wildlife conservation and management.  For example, how survival and 23 
distribution of bison and elk will respond to different management actions is only modestly 24 
predictable. Similarly, what number of elk and bison the area can support based on desired 25 
conditions is largely unknown, and likely varies in response to environmental variation (e.g., 26 
weather, habitat heterogeneity). These types of uncertainty are often referred to as process 27 
error, i.e., imperfect knowledge of the biological system being managed. A second type of 28 
uncertainty is related to our inability to conduct a complete census of a population, i.e., partial 29 
observability (Williams 1997). This is sampling variation associated with wildlife monitoring, 30 
also commonly referred to as observation error (Hilborn and Mangel 1997). Process and 31 
observational error create uncertainty that limits a manager’s ability to make informed 32 
management decisions.  33 
 34 
The Bison and Elk AM plan will embrace existing uncertainty regarding drivers of bison and elk 35 
wintering abundance and distribution, and survival, in the Jackson Hole area and on the 36 
National Elk Refuge (NER), provide further understanding of important limiting factors, and help 37 
guide management actions toward those that will have the most direct benefit to achieving 38 
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stated goals and objectives. The Bison and Elk Management Plan (BEMP; USFWS and USNPS 1 
2007a) provides goals, objectives, and strategies related to bison and elk population in the 2 
Jackson Hole area and within the NER. The AM plan is an extension of the BEMP, providing an 3 
adaptive management framework to achieve the goals and objectives of the BEMP. Therefore, 4 
the AM plan is considered a step-down plan to the BEMP and utilizes the goals and objectives 5 
within the BEMP. Strategies from the BEMP were incorporated into additional strategies 6 
considered during the development of the AM plan. The AM plan and associated efforts is an 7 
opportunity to collectively learn from ongoing work to manage elk and bison in the Jackson 8 
Hole area. 9 
 10 
The BEMP contains four goals (Fig. 1) and 20 associated objectives (Appendix I). Completion of 11 
an AM plan to manage bison and elk populations is specific to the Sustainable Populations 12 
BEMP goal (Fig. 2). The Sustainable Populations BEMP goal outlines ‘a phased approach to 13 
reducing the number of animals on [supplementary winter] feed’ while achieving 1) Wyoming 14 
Game and Fish Department (WGFD) population objectives for the Jackson Elk Herd (JEH) and 2) 15 
an elk sex ratio in Grand Teton National Park (GTNP) of 35 bulls for every 100 cows. The first 16 
phase sets initial population objectives at 5000 elk on winter feed. The second phase calls for 17 
elk populations that are adaptively managed to “achieve desired conditions, with animals 18 
relying predominantly on native habitat and cultivated forage”. The bison population objective 19 
of 500 animals post-hunting season was determined based largely on maintaining genetic 20 
heterozygosity while minimizing other conflicts (USFWS and USNPS 2007a). Unlike the second 21 
phase elk objective, the bison objective is independent of additional criteria defined as desired 22 
conditions.  23 
 24 
Desired conditions on the NER relate to six criteria to be considered as triggers for management 25 
actions for ‘progressively transitioning from intensive supplemental winter feeding to greater 26 
reliance on free-standing forage’. These considerations are: 1) Level of forage production and 27 
availability on the National Elk Refuge, 2) Desired herd size and ratios, 3) Effective mitigation of 28 
bison-elk-cattle mingling on private lands, 4) Winter distribution patterns of elk and bison, 5) 29 
Prevalence of brucellosis, chronic wasting disease, and other wildlife diseases, and 6) Public 30 
support. For example, forage production desired conditions are articulated in the Habitat 31 
Conservation objective of the BEMP; the current trigger for starting supplemental winter 32 
feeding is based on available forage (see below). Desired herd sizes and ratios are similarly 33 
defined in the BEMP (e.g. Phase 1 NER wintering elk objective of 5000, see above), however a 34 
significant component of the adaptive management plan is determining the number of 35 
wintering elk the NER can support while achieving the other desired conditions.  36 
 37 
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Accomplishing the objectives identified within the BEMP using management actions available to 1 
the NER, WGFD, GTNP, and Bridger-Teton National Forest (BTNF) is the intent of this plan. The 2 
working group created a problem statement to articulate the connection among the decision 3 
framework, objectives, actions, and predicted outcomes:   4 

 5 
The adaptive management plan identifies actions (include reference to BEMP) for 6 
progressively transitioning from winter feeding of elk and bison on the NER to greater 7 
reliance on free-standing forage while maintaining population and herd ratio objectives. The 8 
primary actions available to achieve BEMP objectives include the 1) timing of winter feeding, 9 
2) timing of hunting, and 3) harvest levels that can be implemented annually to encourage 10 
greater use of native range and cultivated free-standing forage. Management actions will 11 
incorporate those that simultaneously minimizing disease prevalence, maintain public 12 
support and minimizing comingling of elk and bison with cattle on private land.  13 
 14 
The Phase I objective of 5000 elk appears to have originated from Hobbs et al. (2003). This 15 
report, based on three simulation exercises, concluded that “in average SWE [snow-water 16 
equivalent] winters with average pre-winter precipitation and 500 bison, roughly 16,000 elk can 17 
find forage on the Greater Teton Ecosystem without incurring forage deficits and roughly 5,000 18 
elk can find forage on the NER without incurring deficits.” Hobbs et al. (2003) do not explicitly 19 
define winter in the report, but appendix B of the report describes the ‘entire winter’ as 20 
‘roughly November 1st to July 1st’. Presumably the numbers given in the report represent the 21 
number present throughout the winter period, although this is not explicitly stated. It is 22 
important to note that elk use stored energy reserves during winter, so incurring a forage 23 
deficit does not imply an immediate threat (Hobbs 1989, Cook 2002).  24 
 25 
The number of elk on winter feed on the NER and bison in the Jackson Bison Herd (JBH) 26 
currently exceeds the Phase 1 objective from the existing BEMP (Fig. 1) (USFWS and USNPS 27 
2007a). The JEH, which includes elk wintering on the NER, is within WGFD objective, while the 28 
JBH population is above objective. Therefore the primary issues for reaching Phase 1 population 29 
objectives are related to 1) distribution of elk during winter, and 2) abundance of bison.   30 
 31 
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 1 
Figure 1. Hierarchical relationship among the vision, fundamental objectives and Phase 1 2 
objective for elk and bison in the Bison and Elk Management Plan (USFWS and USNPS 2007a). 3 
The Phase 2 wintering elk population objective the National Elk Refuge (NER) is ‘to adaptively 4 
manage …elk populations with animals relying predominantly on native habitat and 5 
cultivated forage’. The NER winter elk population objective is a sub-objective of the Jackson 6 
elk herd (JEH). 7 
 8 
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 1 
Figure 2. Hierarchical relationship among the Sustainable Populations goal, the objective for a 2 
phased approach to reducing the number of animals on feed, and the six considerations for 3 
the adaptive management plan vision, as defined in the Bison and Elk Management Plan 4 
(USFWS and USNPS 2007a). Phase 1 and Phase 2 population objectives for elk on the National 5 
Elk Refuge and bison in the Jackson Hole area are shown in relation to the desired herd size 6 
consideration. 7 
 8 
Population of Interest 9 
A succinct and precise definition of the populations of interest is essential for developing 10 
models of system dynamics and appropriate monitoring, and determining if objectives are 11 
being met. Bison and elk populations of interest differ slightly in definition as stated in the 12 
BEMP objectives. The bison objective is for the post-hunt population within the Jackson Hole 13 
area (the Jackson Bison Herd [JBH]), inclusive of the NER. Conversely, the elk population 14 
objective for the NER is specific to the number of animals on feed at the refuge, and is a sub-15 
objective within the broader Jackson Elk Herd (JEH) (Fig. 2) post-hunt objective set by the 16 
Wyoming Game and Fish Commission (a governor-appointed policy-making board). Elk herd 17 
unit boundaries are determined by the WGFD and represent population boundaries where 18 
there is an estimated annual interchange with surrounding herds of <10% (Emmerich et al. 19 
2007).  Approximately 65% of the JEH winters on the NER based on February classification 20 
counts (see below for definition of classification counts; USFWS & WGFD unpubl. data). The 21 
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Jackson bison herd primarily winters on the NER (~90%), but range much further during the rest 1 
of the year (USFWS & WGFD unpubl. data). Geographic range of bison, figure, etc. It would be 2 
best to include a single figure that delineates the JEH and bison population. Eric has the 3 
shapefiles to update the figure. 4 
 5 
Determining if the BEMP population objectives are being met requires periodic estimates of the 6 
populations of interest. There are two components to the population objectives that need to be 7 
considered — where animals are and when they are there.  The BEMP bison population 8 
objective is the same for the JBH as it is for the NER, i.e., there is not a sub-objective specific to 9 
the Refuge as there is for elk. Moreover, the bison population objective is less temporally 10 
specific than that for elk, the former being an annual post-hunt population objective and the 11 
latter being defined based on the number of animals on feed. This aspect of the elk objective 12 
increases the difficulty in estimating the population of interest due to movements of animals 13 
into and out of feedgrounds during winter feeding. More importantly, the amount of time elk 14 
are on feed varies among years.   15 
 16 
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 1 
Figure 2. Jackson Elk Herd unit boundary, including the National Elk Refuge and Grand Teton 2 
and Yellowstone National Parks. INCLUDE BISON RANGE IN THIS FIGURE. 3 
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While not explicitly stated, the BEMP was written with an assumption that annual classification 1 
counts were to be used as the metric to determine if population objectives were being met, i.e., 2 
as a proxy for the number of elk on feed at the NER. Classification counts are a coordinated 3 
census of the JBH and JEH, collaboratively undertaken during early February by WGFD and the 4 
NER. These counts are undertaken during a single survey period and do not necessarily 5 
represent either peak or cumulative abundance (i.e., the greatest number of animals present 6 
on a single day during a winter, or the sum total of animals present throughout a winter, 7 
respectively) of bison or elk on feed. Elk and bison are enumerated by age and sex classes, 8 
providing population class structure information as well as overall abundance. Elk classes 9 
recorded during the classification count are calf, cow (includes yearlings), spike bull, and 10 
mature bull; bison classes are calf, yearling cow, yearling bull, adult cow, adult bull. A 5-10% 11 
difference typically exists between the classification count estimate and the daily number of elk 12 
on feed during peak abundance. Peak elk abundance on the NER during 2007–2013 occurred 13 
late February through the first week of March (USFWS unpublish. feedline data) (Fig. 3). 14 
Proposed changes to a less conservative feeding program that would result in a later initiation 15 
of winter feeding (see Development of Alternative Management Actions and Strategies 16 
below) could increase the difference between when the classification count is conducted and 17 
peak numbers of elk on feed. A less conservative feeding program could also result in initiation 18 
of feeding on the NER after the classification count has been completed in some years. Lastly, 19 
the classification count may be replaced in the near future by survey (i.e., not a census) 20 
methodology used elsewhere in the state by WGFD for estimating elk abundance. The new 21 
survey methodology may not provide suitable NER-specific estimates of elk abundance for 22 
determining if Refuge population objectives are being met.  23 
 24 
Beyond logistical or methodological considerations, a single elk population estimate in time 25 
would not adequately capture the dynamic nature of elk abundance in relation to winter 26 
feeding on the NER. For example, 5000 elk on winter feed (the current BEMP Phase 1 objective) 27 
for three months would likely have a greater impact on NER habitats than 5000 elk on feed for 28 
a single month. The BEMP Phase 1 elk population objective is not defined by time, leaving it 29 
open for interpretation whether the objective was intended as a mean number of animals fed 30 
during a winter, a maximum number fed, or a cumulative number fed. To address this issue 31 
while staying within the implied intent of the BEMP, we chose elk-fed days (EFD; the cumulative 32 
number of elk fed during a feeding season) as the metric for determining if the elk population 33 
objective is being met. This number combines both the spatial and temporal aspect of animals 34 
on the NER, providing better accounting of potential effects than a single classification count. It 35 
is also believed that this is more consistent with winter carrying-capacity projections estimated 36 
in Hobbs et al. (2003). The Phase I objective of 5000 elk on feed is defined relative to elk-fed 37 
days as  38 
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 1 
𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑑𝑑 ∗ 5000 elk, 2 

 3 
where d is the mean number of days of feeding from 1995–2007 (64 days [SD = 22]). This time 4 
span was selected to maintain consistency with the data used in developing the BEMP. The 5 
benchmark historical value is then 320,000 EFD. Bison-fed days (BFD) can similarly be calculated 6 
as 31,500 BFD for bison using d = 63 days (SD = 22) and the bison population objective of 500 7 
animals. This latter value provides an important historical perspective on winter feeding of 8 
bison and can assist in determining efficacy of management actions toward accomplishing the 9 
bison objective; post-hunt bison abundance will be the definitive number used for determining 10 
if the bison population objective is being met.   11 

 12 
Figure 3. Mean daily elk abundance on the National Elk Refuge during winter feeding, 2007–13 
2013. Data are from feedline counts for calendar dates where feeding occurred during all 14 
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years, i.e., February 12th (calendar date 43) through March 21st (calendar date 80). Counts 1 
were conducted from feeding equipment.   2 
 3 
Development of Alternative Management Actions and Strategies 4 
Alternative management actions were identified during a meeting of stakeholders at the NER 5 
22 May 2013. Alternative actions, and constraints, were developed for the NER winter elk 6 
population and the JBH. A series of further meetings (25 July, 20 August, 12 September, 23 7 
October, and 13 November 2013, and 22 January, 24 February, and 7 April 2014) were held to 8 
create management strategies, i.e., collections of actions that form complete and comparable 9 
alternatives (Gregory et al. 2012).  10 
 11 
Reference case—It is helpful to identify a reference alternative that captures the recent and 12 
ongoing management actions that have led to the current state of the system for comparing 13 
with new alternatives that are developed. Ongoing management actions include winter feeding, 14 
irrigation, harvest, and hazing.  15 
 16 
Big game population objectives in Wyoming are evaluated and updated at least every five 17 
years. Objectives represent the preferred number of animals during winter within a herd unit 18 
(e.g., the Jackson Elk Herd) and are determined based upon multiple factors, including 1) 19 
available habitat to support the defined population, 2) hunting access, and 3) tolerance for 20 
wildlife on private lands by landowners (Tassell et al. 1995). Public input on proposed 21 
population objectives is obtained during public hearings. After the hearings the proposed 22 
population objectives are sent to the Wyoming Game and Fish Commission for review and 23 
approval. The NER, GTNP, and Bridger-Teton National Forest (BTNF) have participated in WGFD 24 
big game population objective review and revision processes in the past for both the JEH and 25 
JBH. These federal agencies will continue to participate in objective setting for the JEH and JBH 26 
populations. 27 
 28 
The current JEH winter feeding program includes two groups of feedgrounds – one on, and 29 
managed by, the NER, and the second managed by WGFD. The latter are the Alkali, Fish Creek, 30 
and Patrol Cabin feedgrounds, collectively known as the Gros Ventre feedgrounds, located on 31 
BTNF lands. Initiation of feeding is currently conservative, i.e., has the primary objectives of 32 
minimizing elk 1) winter mortality of the most susceptible group, calves, and 2) comingling 33 
issues with cattle on adjacent private lands. Winter feeding begins when available forage 34 
reaches approximately 300 lbs acre-1 at key index sites. Available winter forage for elk and bison 35 
on the NER is largely determined by snow conditions, rate of forage consumption during fall 36 
and winter, and biomass of forage produced during the previous growing season.  37 
 38 
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Forage biomass (metric tons) is correlated with the amount of precipitation (mm) during May–1 
August (𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 50.31, R2 = 0.91; 1995 and 1998–2006, NER unpubl. data), and secondarily 2 

affected by the number of irrigated acres.  Refuge-wide herbaceous forage production 3 
averaged 14,387 (SD = 4125) tons during 1998–2013, and in recent years irrigation of 4 
approximately 3,600 acres has increased forage production by approximately 10% compared to 5 
what would have been produced with precipitation alone. Estimation of forage biomass is done 6 
annually based on sampling at index sites. Index sites are selected subjectively each year based 7 
on presence of vegetation highly palatable to elk such as naturally sub-irrigated wet meadows, 8 
irrigated areas with significant green vegetation, and in years with adequate late summer/early 9 
fall precipitation, native dry grassland plant communities with basal green up.  10 
 11 
During 1995–2013, mean initiation of winter feeding on the NER was 28 January, ranging from 12 
30 December to 28 February. Mean termination of winter feeding during this same period was 13 
3 April, ranging from 20 March to 20 April. Initiation and termination dates vary widely based 14 
on winter conditions. Excluding years in which feeding did not occur, mean initiation and 15 
termination dates for winter feeding during 1976–2013 at the Gros Ventre feedgrounds 16 
occurred during the second week of January and first week of April, respectively (Table 1). This 17 
resulted in approximately 3 months of feeding each year.  18 
 19 
Table 1. Winter feeding mean initiation and termination dates and total days for the Gros 20 
Ventre feedgrounds managed by Wyoming Game and Fish Department. Standard deviations 21 
are provided parenthetically. 22 

Feedground Initiation Date Termination Date Total Days 
Alkali 10 January (18.8) 7 April (13.5) 89 (23.5) 
Fish Creek 9 January (12.3) 4 April (17.1) 85 (21.0) 
Patrol Cabin 11 January (13.5) 4 April (11.6) 84 (19.0) 

 23 
Winter feeding coordination between the NER and WGFD occurs annually. Feeding in the Gros 24 
Ventre feedgrounds is targeted specifically to assist in keeping animals from moving to the NER; 25 
for example, animals are more likely to move to the NER if feeding is occurring there and not at 26 
the Gros Ventre feedgrounds, where the opposite up-slope migration is less likely. Termination 27 
of feeding at feedgrounds needs to be coordinated so animals moving to the NER after feeding 28 
ends on the Gros Ventre feedgrounds do not remain at the refuge. This coordination will 29 
continue regardless of the management strategy employed.  30 
 31 
Bison are fed as necessary to ensure elk are adequately fed. Bison out-compete elk for forage 32 
resources, so the typical strategy is to keep bison at the northernmost NER feedground 33 
(McBride) by feeding them prior to feeding elk. Bison are fed separately from elk and are given 34 
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a ration adequate to ensure they do not move to elk feeding areas. This also influences 1 
distribution of bison in the winter, reducing conflict associated with bison moving into 1) 2 
Jackson, and 2) the Nowlin unit of the NER where commercial sleigh rides occur.  3 
 4 
Total harvest of the JEH was reduced over the last decade as the population objective was 5 
reached (Fig. 4). Elk hunting on the NER (Hunt Area 77) typically begins in mid-October and 6 
ends in mid-December, with peak harvest in recent years occurring in late November to early 7 
December.  From 2005 to 2011 an average of 393 (SD = 56) hunters harvested 161 (SD = 38) elk 8 
per year during the NER hunt.  9 

 10 
Figure 4. Jackson elk herd estimated harvest, 2002–2011. 11 
 12 
Associated with harvest on the NER, “tag and drag” is a retrieval service currently provided by 13 
two licensed outfitters. They are also licensed to guide on the NER. This program will continue 14 
regardless of the management strategy employed.   15 
 16 
Hazing of elk is currently only undertaken in spring to encourage elk (and bison) to move off of 17 
the NER. Attempts at post-hunting/pre-feeding hazing of elk to the north part of the refuge 18 
occurred (e.g., 2005–2006), but were largely ineffective with elk generally returning the 19 
following day to the south end of the NER. These efforts included hazing using ATVs, on foot, 20 



13 
 

and on horseback. Reducing spring hazing to increase early-season harvest was considered as a 1 
potential action but not included due to 1) the perception that the loss of forage on the Refuge 2 
by resident elk during summer would offset gains due to increased harvest, 2) presence of 3 
wolves on the northern end of the Refuge may preclude the desired response of reduced 4 
hazing to keep elk on the north end of the Refuge, and 3) recently observed aspen recovery 5 
could be reduced if elk use increased on the north end of the Refuge.  6 
 7 
Fencing of hay stacks and livestock feedline areas has historically been used to mitigate conflict 8 
on private lands. Fencing as mitigation on private land will continue in a targeted fashion. For 9 
example, a proposed mitigation in the Horse Creek area would involve a land trade with a 10 
private landowner to move livestock winter feeding operations off of a south facing slope that 11 
is a movement corridor for elk. Fencing three sides of the private land would separate the 12 
corridor from the livestock feedline. Targeted fencing of golf course greens and sand traps fall 13 
through spring has been successful in some situations for mitigating elk and bison presence in 14 
these areas. It is important to note that the county has a ‘wildlife-friendly’ fence policy and 15 
does not support fencing impermeable to wildlife. 16 
 17 
The outcome of the reference case described above for elk abundance and distribution during 18 
winter in the JEH is shown in table 2. Population objectives for the two feedground complexes 19 
are provided, as are annual elk abundances as measured during the classification count. The 20 
data presented in table 2 demonstrate the potential for reaching the Phase 1 NER winter elk 21 
population objective of 5,000 while remaining within the JEH objective of 11,000 (±10%). 22 
 23 
Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 24 
classification counts, 2011–2013, relative to the current objective. 25 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range* 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 

*Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 26 
  27 
Bison numbers grew exponentially from the 1970s until recently, peaking at 1059 animals in 28 
2007 (Fig. 5). Recent declines in the number of bison are largely attributable to increased 29 
hunter harvest on the NER. Bison hunting begins on August 15 and ends in early to mid-January; 30 
no bison hunting is allowed in GTNP, resulting in bison often staying in the park during the 31 
hunting season with only occasional movements onto the NER until severe winter conditions 32 
occur. Given this situation, harvest management balances extending the hunt as late in January 33 
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as practicable without conflicting with winter feeding. The dynamic nature of winter conditions 1 
makes this unpredictable, and results in the use of emergency bison season extensions or 2 
reductions. For example, an emergency extension of the season (no later than 31 January) 3 
could occur if mild winter conditions precluded desired harvest levels earlier in the season. 4 
Conversely, an emergency closure may be necessary if winter weather conditions require 5 
feeding to commence before the predetermined season end date. 6 
 7 
Most bison harvest occurs on the NER, with some additional harvest on private and BTNF lands.  8 
Since the initiation of the bison hunt in 2007, mean harvest has been 210 (SD = 45.5) bison per 9 
year.  This level of harvest has been sufficient to arrest the exponential growth of the 10 
population, reducing bison numbers from the peak in 2007 to 855 animals in 2013 (Fig 5). 11 
Licensing changes for hunting Jackson Hole bison were enacted in 2014 to increase harvest, 12 
especially of bison females.  These included a reduction in the bison female/calf license fee 13 
(from $416 to $263 for residents and from $2522 to $1022 for non-residents) and eliminating 14 
the once-in-a-lifetime restriction on a successful bison hunter to only those that successfully 15 
harvested a bull. Tribal bison harvest is currently defined in the BEMP to permit up to five 16 
animals for ceremonial purposes; tribal harvest generally occurs outside of the state bison 17 
season. Translocation of bison to tribal lands outside of Teton County is not currently permitted 18 
due to brucellosis concerns.  19 
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 1 
 2 
Figure 5. Bison winter population in the Jackson Hole area, 1970–2013.  3 
 4 
Bison would likely occupy the Refuge year-round without management intervention, but as a 5 
result of hazing by refuge staff and disturbance by hunters, peak bison activity on the NER 6 
occurs January–April each year.  If bison fail to leave the NER following the cessation of 7 
supplemental feeding they are typically hazed off the Refuge using all-terrain vehicles (ATVs) in 8 
late April to early May.  Hazing moves bison to GTNP, where they generally remain until mid-9 
July. From July to early August bison that return to the NER are hazed back to GTNP to protect 10 
forage for elk during the winter months. Hazing efforts in August cease within several days to 11 
weeks of the bison season in an effort to increase hunter harvest.  12 
 13 
National Elk Refuge 14 
Alternative management actions identified for meeting the NER winter elk population objective 15 
can be grouped into four categories, including 1) winter feeding management (both on and off 16 
the NER), 2) population management (harvest, culling, and fertility control), 3) habitat 17 
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improvements (on and adjacent to the NER), and 4) mitigating private lands conflicts 1 
(leases/easements, incentives, fencing) (Table 3). The latter represent sequenced alternatives 2 
that would be necessary to implement due to wintering elk dispersing onto private lands 3 
adjacent to the NER in response to other management actions taken. A fifth group of 4 
alternatives associated with increasing public awareness (including local elected officials, e.g., 5 
county commissioners) of ‘natural’ levels of elk winter mortality were included after the 6 
meeting. These actions represent acknowledgement that the current feeding program results in 7 
reduced winter mortality, perhaps exacerbating already low public tolerance to increased 8 
winter mortality, whether episodic or perennial in nature. This group was expanded to include 9 
more targeted education and outreach efforts for landowners, sportsmen and agencies, and 10 
the WGFD Commission, depending on the strategy.  Lastly, a group for each of monitoring and 11 
enforcement were included to allow proper accounting of projected costs associated with each 12 
management action strategy.   13 
 14 
Table 3. National Elk Refuge winter elk population strategy table for identifying alternative 15 
management action strategies. Ongoing management actions that will be continued 16 
regardless of strategy selected are not included in the table; descriptions can be found in the 17 
‘Reference case’ description within the text. 18 

  

Reference 
Case 

NER-
focused 

Southern herd 
segment 
mngmnt 

Late 
Season 
Harvest 

Winter feeding management  
   No change X 
 

X X 
Less conservative (NER)  X 

  Population management  
   No change X 
   Increase harvest objectives in Hunt 

Areas 77 & 78  
 

X 
 Late-season refuge hunt (Hunt Area 

77)  X X X 
Coordinated late-season hunt (Hunt 
Areas 75, 77, 78, 80)    X 
Extend open period on Forest 
Service  

  
X 

Fertility control (Hunt Area 78 & 
GTNP South)  

 
X 

 Hunt Area 78 Hunter management 
program   X  
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Habitat improvements  
   No change X 
   Fire management on NER and 

adjacent public land  X X X 
Private lands mitigation  

   No change X 
   Incentivize steer operations  X 

  Non-traditional landuse mitigation   X  
Public education/outreach (EO)  

   No change X 
   Increase public EO (including local 

elected officials)  X X X 
Increase landowner EO  X X 

 Increase sportsmen & agency EO   X  
Increase WGFD Commission EO  X X X 

Monitoring X 
   No change  X X 

 Increase  
   Enforcement  
   No change X 
   Minor increase  X X  

Major Increase  
  

X 
 1 
Winter feeding management—Management of winter feeding is a primary driver of elk 2 
distribution, and to a lesser extent abundance, in the Jackson Hole area. Feeding on the NER is 3 
initiated each year based on a series of factors, including the amount of forage on the NER, 4 
number of elk present, and snow conditions. Initiation of feeding is currently conservative (see 5 
Reference case, pg 5). A less conservative approach would result in later initiation of feeding, 6 
therefore potentially increasing winter calf mortality and comingling. Including agronomic 7 
grassland plant communities without significant green vegetation and/or reducing the available 8 
forage threshold would result in a less conservative winter feeding program. Per capita ration 9 
levels would not change from the current level.   10 
 11 
Implementing a less conservative feeding program could result in very limited, or no, feeding 12 
given certain winter conditions. However, the criteria for a less conservative feeding program 13 
would not be such that it could be construed as ‘emergency feeding’, i.e., feeding only to 14 
preclude a catastrophic mortality event. Colorado, Idaho, and Utah provide examples of states 15 
that have emergency feeding policies. Existing evidence suggests that emergency feeding is not 16 
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very effective (see review in Putman and Staines 2004). Moreover, the current feeding regime 1 
has been developed for non-emergency situations; a review of current rations and pellet 2 
composition would be necessary to adjust the program for emergency feeding.  3 
 4 
Population management—Hunter harvest is the primary tool employed for population 5 
management of elk and bison in Wyoming. Increased harvest objectives on/near the NER would 6 
target the southern segment (Hunt Areas 77 & 78), which is currently more productive (i.e., 7 
higher cow-calf ratios) than other JEH segments. Doing this would help achieve JEH objective 8 
while minimizing harvest on migratory segments. In order to track hunter harvest there would 9 
need to be an increase in monitoring, e.g., hunter self-registration.         10 
 11 
Elk hunting on the NER currently ends mid-December. Offering a late-season hunt (after 15 12 
December) would assist in deterring elk from moving onto the refuge. Without coordinated 13 
hunts in adjacent units (Hunt Areas 75 [GTNP], 78 and 80), and extended open access on BTNF 14 
lands in Hunt Area 80, the NER hunt would likely be ineffective in also significantly increasing 15 
harvest. Late-season harvest in Hunt Area 80 would include migratory Yellowstone elk, a 16 
declining herd segment of conservation concern. These proposed coordinated efforts would 17 
need to be approved by the Commission, BTNF, and GTNP.  18 
 19 
Fertility control was considered and rejected in the 2007 BEMP, so therefore could not be 20 
undertaken on federal lands without vetting in the NEPA process. Moreover, this action would 21 
need approval by the WGFD Commission prior to the state undertaking fertility control on 22 
private lands in collaboration with landowners in Hunt Area 78 and Grand Teton NP South 23 
would occur during summer on private lands. Research completed since signing of the BEMP 24 
indicates fertility control may be more tractable now than when it was considered during 25 
preparation of the BEMP. Killian et al. (2009) demonstrated effectiveness of GonaCon™, a 26 
gonadotropin-releasing hormone vaccine, in female elk. Dart-delivered 2 ml doses of 1000 μg 27 
GonaCon™ resulted in nearly complete infertility of females treated in September. Much of the 28 
early research on this immunocontraceptive vaccine was for use in white-tailed deer, with 29 
regulatory approval of GonaCon™ for use in female white-tailed deer by the U.S. Environmental 30 
Protection Agency granted in 2010. There are no known dangers to humans or wildlife from 31 
eating animals that have been treated with GonaCon™. 32 
 33 
Most of the observed increase in segment population has occurred in the largely non-migratory 34 
Hunt Area 78 / Grand Teton NP south segment. Increased harvest in this segment would help 35 
address a number of issues, in addition to assisting in reaching Phase I objective. Harvest is 36 
nearly as liberal as possible at this time; the greatest limitation is hunter opportunity in 37 
residentially-developed areas. Elk use in those areas is increasing, necessitating continued 38 
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collaboration with homeowner associations to improve hunter access within residential 1 
developments. Many associations have covenants that exclude firearms, but archery may be an 2 
option where firearms are excluded. There is also a growing constituency for trophy bulls in 3 
these areas.  4 
 5 
A hunter management program for Hunt Area 78 would coordinate private land access through 6 
a hunt manager as liaison to private landowners. This program would be modeled after similar 7 
programs in Montana, as well as several in Wyoming (Meteetse, Laramie Peaks, etc.).    8 
 9 
Habitat improvements—Habitat improvements discussed so far have focused on fire 10 
treatments on range adjacent to the NER to increase attractiveness of these areas to wintering 11 
elk. Opportunities exist for managed fire in certain areas, but opportunities for prescribed fire 12 
are limited. Fire treatments in lynx habitat would not be possible, therefore it would be 13 
necessary to determine if a conifer stand was suitable lynx habitat as based on tree cover. 14 
Conversely, areas within sage grouse core habitat (i.e., within a 4 mile radius of a lek) have a 5% 15 
disturbance cap that would similarly preclude fire treatment. Areas mapped as wildland urban 16 
interface (WUI) are available for treatment, but treatments need to be defined as a fuels 17 
reduction.  18 
 19 
There is potential to have fire management areas on the refuge, but the conflict with sage 20 
grouse on the northern portion of the NER, which is identified as sage grouse core habitat, 21 
would need to be addressed. The plan will therefore include prescribed fire even if it isn’t a 22 
primary tool. These changes would represent a small, ephemeral gain at best in changes to 23 
habitat that may result in more elk wintering outside of the NER. Wildland fire use (i.e., wildfire 24 
to meet resource objectives) is authorized forest-wide in the BTNF. Much of the BTNF adjacent 25 
to the NER is within the Gros Ventre Wilderness, which is managed to allow “natural processes 26 
of ecological change to operate freely. The number, size and intensity of fires [are managed to] 27 
approximate the natural fire regime” (USFS 2013). Benefits from wildland fire use on adjacent 28 
national forest lands are therefore opportunistic in nature. 29 
 30 
Private lands mitigation—Easements and leases have been proposed as a means to minimize 31 
livestock and elk conflict related to brucellosis. Easements would incentivize steer operations 32 
by purchasing from willing sellers the right to have cow/calf pairs. Easements should also 33 
consider all winter feeding of livestock (e.g., horses), certain agricultural crops that are 34 
attractants to elk (e.g., irrigated hay), as well as hunting access. These easements would be 35 
purchased and enforced through agencies and local land trusts. Leases in the Spring Gulch area 36 
are not a suitable solution due to the current level of development; may be an option in Buffalo 37 
Valley assuming the weather allows animals to winter there. Leases/easements would need to 38 
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include a statement that the individual would forfeit their right to make a depredation claim to 1 
WGFD.  2 
 3 
Non-traditional landuse mitigation would differ from that described above for traditional 4 
landuses. For example, the Jackson Hole Conservation Alliance is working with subdivision 5 
landowners to install landscaping that is less attractive, and more resistant, to elk and deer. 6 
Similarly, WGFD assesses subdivisions to identify issues for mitigation, and provides input to 7 
real estate developers and in county planning documents. Also, targeted hazing in subdivisions 8 
and golf courses is ongoing and will continue on an as-needed basis. 9 
 10 
Public education/outreach—Each partner agency will have the opportunity to become involved 11 
in the planning and execution of education and outreach (EO) efforts. Increased public EO 12 
efforts will be undertaken regardless of the strategy selected. These efforts will include 13 
increasing public awareness of, and tolerance for, natural levels of winter mortality in elk. This 14 
would be accomplished through local news releases and radio announcements, training for 15 
sleigh-ride contractors that includes information on winter mortality in unfed populations of 16 
elk, etc. Regular updates on the planning process and progress towards meeting objectives set 17 
out in the BEMP will also be provided to the public through NER media outlets. County 18 
Commissions will be included in public EO efforts to make sure they are aware, and supportive, 19 
of the agencies’ efforts.  20 
 21 
Landowner EO would differ between those engaged in more traditional agricultural landuse 22 
(i.e., ranching) and non-traditional landusers (i.e., residential developments, golf courses). The 23 
decision to change a livestock operation from cow/calf to steers (non-breeding) is a major 24 
decision.  It is not expected that ranchers would respond to an article in the paper, news story 25 
on the radio or even a letter.  This kind of effort will require primarily one-on-one interactions 26 
with an individual that has built relationships and trust within the community. This would 27 
require a private lands biologist to work with private landowners in the area. The position could 28 
be a shared position among agencies. Conversely, EO focused on homeowners in exurban 29 
developments will focus more on meetings with homeowners’ associations, residential 30 
developers, etc., to provide information regarding living with wildlife, wildlife management and 31 
conservation, etc. All agencies will need to collaborate in initial efforts to reach key landowners 32 
and homeowner associations to convey the objectives and primary issues involved in managing 33 
elk and bison in Jackson Hole, as well as to express the importance of their involvement in the 34 
process. WFGD is currently doing this in some areas, e.g., Hunt Area 78.  35 
Sportsmen EO would include meetings with local and regional sportsmen’s clubs and ideally 36 
articles in club magazines, Wyoming Outdoors, etc.  General newspaper articles could also help 37 
disseminate information. This could be largely accomplished with existing staff.  38 
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 1 
Agency EO is happening to some degree through AMP meetings.  It would be helpful to focus 2 
on two different groups; field staff and Regional Office managers.  Field staff are instrumental 3 
in achieving management actions on the ground, but also support changing public opinion in 4 
the local area through their personal interactions outside of work.  Regional office EO is 5 
essential in building the necessary support to obtain project resources and have support when 6 
controversies are elevated to their level.    7 
 8 
WGFD Commissioner EO will require personal contacts coordinated with WGFD.  Top priority 9 
will be the commissioner for this area and perhaps others.  This will include 1) tours of the NER 10 
and GTNP and 2) a briefing on alternative strategies resulting from the AMP. 11 
 12 
Monitoring—Draft once strategies are finalized. 13 
 14 
Enforcement—Draft once strategies are finalized. 15 
 16 
Contstraints 17 
Constraints that were identified for managing wintering elk population on the NER were diverse 18 
and included policy/regulatory, biological, social, and funding constraints, and combinations 19 
thereof (Table 4). The most common constraints were policy related (33%), followed by social 20 
(28%), biological (22%), and funding (17%) constraints. Many of the identified constraints could 21 
be identified in multiple groups; we largely identified constraints as belonging to a single group 22 
to simplify classification.  23 
 24 
Table 4. Management constraints identified for the National Elk Refuge wintering elk 25 
population objective. 26 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Easement limitation (NER boundary) 
2007 EIS (rejected fertility control and test and slaughter; limits tribal 

harvest) 
Social constraints 

Hunter numbers 
Winter mortality (social acceptance) 
Public safety (ungulate/vehicle collisions) 
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Disease (cattle commingling) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts 
Fencing/wildlife conflicts 
Migratory segment (maintain summer distribution goals) 

Funding constraints 
Easements 
Fencing 
Fertility control 

 1 
National Elk Refuge Strategy Narratives 2 
Management action strategies were divided into themes based on the focus of the grouped 3 
actions within a strategy. For example, the National Elk Refuge-Focused strategy targets winter 4 
elk distribution through management actions primarily taken on the refuge. The Southern Herd 5 
Segment Management strategy is a set of actions intended to reduce the number, and 6 
productivity, of the largely non-migratory elk in Hunt Areas 75 and 78 while minimizing the risk 7 
of harvest to migratory segments of the JEH. The Late Season Harvest strategy would increase 8 
harvest more generally in the JEH through coordinated late season hunts, with key caveats 9 
outlined below. Several actions were identified as necessary to continue, or implement, 10 
regardless of the strategy selected. Those to be continued are the 1) intra-seasonal 11 
management and coordination between the NER and WGFD Gros Ventre feedgrounds, 2) 12 
fencing for private lands mitigation, and 3) “tag and drag” and guided hunts on the NER and 13 
GTNP. New actions to be implemented across all strategies include 1) a late-season refuge hunt, 14 
2) Fire management on NER and adjacent public land, 3) increased public education and 15 
outreach, and 4) increased WGFD Commission education and outreach. 16 
   17 
National Elk Refuge-Focused Strategy 18 
The NER-focused strategy is based on altering distribution of elk using management actions 19 
centered primarily on the refuge. This strategy implements actions to make the refuge less 20 
attractive to wintering elk primarily through a less conservative winter feeding program and 21 
initiation of a late-season hunt. This assumes that a proportion of elk that winter on the refuge 22 
can be conditioned to stay on adjacent winter range based on decreasing the incentive (later 23 
initiation of feeding) and increasing the disincentive (late season hunt) to moving onto the 24 
refuge. Incentivizing steer operations on private lands would be undertaken to address the 25 
increased proportion of elk that may winter on adjacent private lands. Similarly, education and 26 
outreach to private landowners is included in this effort to increase acceptance of elk wintering 27 
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on private lands adjacent to the NER. Increased enforcement on the NER would also be 1 
necessary due to the addition of the late-season hunt.  2 
 3 
Southern Herd Segment Management Strategy 4 
The southern herd segments (Hunt Area 78 and GTNP South) are increasing absolutely and 5 
proportionally within the JEH. Conversely, migratory segments (i.e., elk that summer in 6 
Yellowstone NP and Gros Ventre Wilderness) of the JEH are stable to declining. The Southern 7 
Herd Segment Management Strategy focuses management actions at slowing, or reversing, the 8 
growth of the southern herd segments. Proposed actions include increasing harvest through 9 
the development of a hunter management program, a program that also helps address private 10 
lands mitigation. Targeted fertility control on private land summer range could also be 11 
explored by WGFD, but would need to go through the proper approval process (i.e., WGFD 12 
Commission). This action was considered and rejected in the BEMP. Increased outreach to 13 
sportsmen and agencies, and landowners, would be undertaken; the former is due to the 14 
potential for fertility control and the latter is for increasing awareness of landowners of the 15 
efforts to reduce the southern herd-segment. Increased harvest is localized by this strategy, 16 
minimizing the potential impact of increased harvest on the migratory segments. Increased 17 
enforcement on the NER would also be necessary due to the addition of the late-season hunt. 18 
 19 
Late Season Harvest Strategy 20 
The Late Season Harvest Strategy represents a broader, landscape scale approach to achieving 21 
the Phase I elk objective. A coordinated (i.e., NER, WGFD, GTNP, BTNF) late season hunt in Hunt 22 
Areas 75, 77–78, and 80 would occur. Approval would need to be obtained for extending, or 23 
moving, the current season in GTNP to allow later harvest. Lastly, the current December 1st 24 
closure to protect wintering ungulates in Hunt Area 80 on BTNF lands would need to be 25 
modified through an environmental review process to allow hunter access into that area. 26 
Currently the JEH could be reduced by approximately 1,000 animals before being below 27 
objective (11,000 ± 10%). A WGFD Commission approved reduction in the JEH could be 28 
investigated if the efforts of this strategy did not result in reaching the NER Phase I elk 29 
objective. An increase in enforcement would be necessary if this strategy was implemented.  30 
 31 
National Elk Refuge Strategy Consequences 32 
 33 
Considered but not included in the consequences table (covered in the EIS) – average annual 34 
private sector revenue; altered archeological resources; 35 
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Table 5. Predicted consequence table for the National Elk Refuge (NER) elk population on feed alternative management action 
strategies. This table is not currently cited in the text  

Objectivea/Decision 
Considerationb Evaluation criteria 

Reference 
Condition 

NER-
focused 

Southern herd 
segment mngmnt 

Late season 
harvest 

Elk-fed daysa Years to reach objective     

Herd segment 
distributionb 

Proportion long-distance 
migrants 

    

Financialb 

Average annual additional costs 
to agencies ($000) 

    

Commercial landuse additional 
costs 

    

Socialb 

Sportsman/outfitter support     

Environmental group support     

Commercial landowner support     

Residential landowner support     

Safetyb Animal/vehicle collisions     

aThe identified objective from the BEMP Phase I for this table is 5000 elk on winter feed at the NER, which has been converted to 
elk-fed days (see Population of Interest above). 
bAdditional decision considerations and evaluation criteria were identified by the working group for comparison among strategies. 
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Bison 
Alternative management actions for bison on the NER and adjacent areas included several 
developed for the NER wintering elk population objective in addition to those solely developed 
for bison (Table 6). Most of the actions identified were related to bison harvest in an effort to 
influence hunter access or success.  
 
Table 6. Bison population strategy table for identifying alternative management action 
strategies.  

  

Reference 
Case 

Hunter 
Harvest 

Alternative 
Reduction 

Actions 
Population management 

   No change X 
  

Improve late-season access to north 
end of NER for hunting and carcass 
retrieval 

 
X X 

Parking lot origination management 
 

X X 
Alternative reduction actions*   X 

Hazing 
   

No change 
   

Haze bison found south and east of 
Flat and Nowlin creeks  

X X 

Service-accompanied hunters  X X 
Habitat improvements 

   
No change X 

  
Fire management on NER and 
adjacent public land  

X X 

Water source improvements    
Private lands mitigation    

NER south-boundary improvement    
Public education/outreach (EO) 

   
No change X 

  
Increase education and outreach 

 
X X 

Monitoring 
   

No change 
   

Enforcement 
   

No change 
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Increase 
   

*Beyond the scope of this plan and may require NEPA review. 
 
Population management—Hunter harvest of bison since 2007 has led to an appreciable 
reduction in the population (Fig. 5). Further efforts to increase hunter harvest are intended to 
reduce the number of years necessary to reach the bison population objective. Most of the 
actions identified are related to increasing opportunity and success at the existing level of 
hunter numbers. The current number of hunters each year is believed to be a maximum 
number allowable while still providing a quality, and safe, hunting experience.   
 
Efforts to improve late-season access to the north end of the NER for hunting and carcass 
removal could facilitate increased harvest. Existing retrieval roads become impassable late in 
the hunting season due to snow, and can, for example, preclude hunters from using the West 
Parking Area or retrieving carcasses on the northern portion of the refuge. Keeping these roads 
open may be difficult in heavy snow years, requiring a bulldozer in some situations. 
Alternatively, over-the-snow vehicles could be considered for carcass retrieval on existing 
refuge roads. Hunter access easements across private lands on the northeast corner of the NER 
will be explored as another means of providing access to that portion of the refuge for hunting 
and carcass retrieval. 
 
Hunters must originate from a designated parking area for hunting bison on the NER. All but 
one designated parking area are within the NER. Access to the northwest portion of the NER is 
via a parking area within and managed by GTNP in collaboration with the NER. Accessing the 
refuge for hunting from BTNF lands along the eastern boundary of the NER was historically not 
allowed. The refuge will continue to manage hunter distribution using parking-lot origination in 
an effort to encourage bison to move onto, and remain, on the refuge. Hunters with a NER 
permit will also be allowed to access the refuge from adjacent BTNF lands.   
 
Continuous review of population management actions implemented for reaching the bison 
population objective will be undertaken during the life of this plan. If management actions 
outlined in this plan prove ineffective for reaching the objective, other actions that fall outside 
the scope of this plan may be considered, e.g., agency cull, herd-wide fertility control. Such 
actions may require evaluation as per the NEPA.  
 
Culling of bison is currently not used as a population management action. Including an agency 
bison cull as a potential population management action in this plan does not imply agency 
approval at this time and would only receive further consideration upon meeting several 
criteria. Consideration of an agency cull would include meeting National Environmental Policy 



27 
 

Act (NEPA) requirements. WGFD policy prevents elk hunting past January 31st to minimize 
hunter exposure to Brucella abortus (the bacteria that causes brucellosis). This policy is specific 
to elk at this time, but the same concerns exist for late-season bison harvest. Between February 
1st–15th WGFD personnel can harvest animals and the animals can be donated; animals killed 
after February 15th must be disposed of in a landfill.  
 
Herd-wide fertility control of bison was considered and rejected in the BEMP. A review of 
fertility control in wildlife, current at the time of approval of the BEMP, can be found in 
Appendix B of the final Environmental Impact Statement (EIS) (USFWS and USNPS 2007b). Need 
to gather more details on the current state of knowledge for this technique – would it be 
possible to have the WGFD vet draft a few sentences, with current citations, for this purpose? 
Seems like this would have to occur on the feedline to be efficient and effective, which would 
trigger NEPA. Bison primarily occur on federal lands, so proposed implementation of this action 
would necessitate following NEPA requirements.  
 
Hazing—Reduction, or elimination, of winter feeding will likely result in bison having a broader 
winter distribution in Jackson Hole. This could lead to more frequent use of the Nowlin unit by 
bison; the Nowlin unit is where commercial sleigh rides are conducted. Moreover, increased 
bison use of the southern portion of the NER beyond the Nowlin unit increases the potential for 
bison to enter the town of Jackson. For public safety and to minimize conflict in the Nowlin unit, 
bison will be hazed north if found south of a boundary starting at the Twin Creek Subdivision, 
west along Elk Refuge Road to Nowlin Gate, north and west along Hunter Retrieval Road 22 (an 
administrative road), north along Hunter Retrieval Road 22 to the Refuge Barns, west along 
Nowlin Creek to the confluence of Flat Creek, and north along Flat Creek to the northern 
boundary of the Jackson National Fish Hatchery.  
 
Service-accompanied hunters in NER management units south of the bison hazing line defined 
above could be used to haze bison north of the hazing line.  
 
Habitat improvements—Fire management on NER and adjacent public land to increase 
attractiveness for bison would be the same as described above for elk (pg X). The objective, 
however, differs in that the purpose of attracting and holding bison on the refuge would be 
primarily to increase susceptibility of bison to harvest.  

Water sources on the east side of the NER would be modified to increase flow rates, improve 
bison access to water, encourage bison use and potentially increase early season 
harvest.  Existing springs known as waterhole 2 and waterhole 3 currently have defunct bore 
hole pipes with limited water flows.  These would be repaired or replaced to ensure late 
summer water flow and encourage bison use at these locations. 
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Private lands mitigation—Bison primarily occur on public lands (i.e., NER, GTNP, and Bridger-
Teton National Forest), and when they do occur on private lands WGFD has the authority to 
haze or lethally remove bison for safety or private lands damage concerns (WGFC regulations, 
chapter 56). There is the potential for increased private lands conflict if winter feeding is 
reduced or eliminated on NER. For example, bison may move further south when feeding does 
not occur, increasing the potential for bison in Jackson. To reduce the likelihood of bison 
moving from the Refuge into Jackson, a double cattle guard will be installed on Elk Refuge Road 
at the boundary with East Broadway and at the gate where the town accesses the municipal 
water wells.  
 
Public education/outreach—Public education and outreach for bison management will be 
integrated into EO provided for elk management (see pg. X). There are important differences 
between bison and elk biology and management that will be articulated. The bison population 
objective differs from the elk objective, with the former based primarily on maintaining genetic 
heterozygosity while minimizing conflict (USFWS and USNPS 2007a). Bison winter feeding is 
conducted primarily to eliminate conflict with elk on feedgrounds, which is fundamentally 
different than the objective for feeding elk to sustain the JEH through winter with minimal 
mortality. Winter feeding of bison precludes other conflicts that would occur if bison were 
more broadly distributed within Jackson Hole, e.g., bison in the town of Jackson and the 
associated public safety conflict. As winter feeding is reduced, or eliminated, efforts will be 
made to manage potential increased conflict, but public acceptance of increased conflict will be 
necessary. There are important biological differences between bison and elk that will be 
highlighted. For example, during 2007–2013 the JBH had greater than twice the ratio of calves 
to females in winter compared to elk of the JEH (0.47 [SD = 0.05] for bison and 0.22 [SD = 0.03] 
for elk; WGFD, unpubl. data). During the six-year period taken to complete the BEMP the bison 
population grew exponentially, increasing from 627 animals in 2002 to 1059 in 2007 (Fig. 5; 
WGFD, unpubl. data). Management challenges can also differ between bison and elk. Bison 
female-calf groups spend much of the year in GTNP, where no harvest is permitted, and move 
to the Refuge as winter conditions reduce forage availability in GTNP. Female-calf groups 
largely do not use BTNF lands adjacent to the NER or GTNP, which constrains population 
management using hunter harvest to a relatively limited area on the NER. This can lead to 
dense concentrations of animals and hunters on the NER, which can result in hunter conflict.  
 
Increased EO to state agencies, e.g. the Department of Agriculture and state veterinarian, will 
be included as part of this action. The range of bison will likely expand as feeding is 
reduced/eliminated, potentially leading to more conflict on private agricultural and developed 
lands. 
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Monitoring— Draft once strategies are finalized. 
 
Enforcement— Draft once strategies are finalized. 
 
Constraints 
Constraints unique to bison management were largely related to disease transmission concerns 
and related policy (Table 7). For example, it is not currently possible to move bison out of the 
county, nor are bison currently allowed in the Gros Ventre near WGFD feedgrounds. Several 
identified alternative actions, fertility control and test and slaughter, were considered and 
rejected in the 2007 Environmental Impact Assessment (EIS) for the Bison and Elk Management 
Plan. The 2007 EIS similarly limits tribal harvest of bison. Moreover, there is uncertainty if an 
effective bison fertility control exists, which is a technological constraint. What constraints 
from the NER wintering elk constraints table should be carried over to the bison constraints 
table? 
 
Table 7. Management constraints identified for the bison population objective. 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Cumbersome hunt regulations 
Hunter access (especially from north of the NER) 
Easement limitation (NER boundary) 
Current restriction on moving bison out of county 

Social constraints 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Vendor numbers (are there enough for bison removals?) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts (fire) 
Fencing/wildlife conflicts 
Grizzly bear conflicts (potential) 

Funding constraints 
Easements 
Fencing 
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Fertility control 
Technological constraints 

Fertility control 
 
Note/reminder from initial fall meeting Nov. 2012: “Three-pronged approach” 1) how to use 
hunters to reduce #s, 2) how to get more on native, 3) explicit metric for winter mortality that is 
acceptable.  
 
Include a paragraph or two that describes 1) how phases are related to each other, 2) when we 
will claim we’ve been successful in Phase I, 3) how Phase II will be implemented (i.e., stepwise 
or all at once after success with Phase I, 4) whether meeting bison and elk objectives 
simultaneously will be necessary to begin implementing Phase II.  
 
Disease management – current plan doesn’t address CWD explicitly except to state that NER 
will work within WGFD’s plan (should be out 2015). Need to write justification for increased 
emphasis on managing CWD threat. This is in conflict with brucellosis objectives that state 
feeding will be used to minimize co-mingling. Use easements for the latter and to balance CWD 
management.  
 
Does the current distribution of collared animals represent animals on native range? The 
latter are under-represented in the sample. Assuming main influence on aspen is from elk on 
winter feedgrounds. 
 
Need to provide justification for just including aspen – explain aspen as an umbrella for other 
habitats. Aspen regeneration more responsive to management actions; highly-preferred by 
elk. 
 
Bison impact on wet meadow; will we keep reducing elk due to bison? Need to consider 
monitoring bison. Can we go lower than 500 or is it firmly set? 
 
Changes that have occurred since completion of BEMP – Winter distribution of elk has 
changed, calf ratios have declined excluding short-distance migrant segment, wolf presence 
may have exacerbated this, bison numbers, fires in Gros Ventre, habitat management to hold 
elk in GTNP. All agencies agreed the plan was doable but the distributional shifts challenge 
that currently – S.Cain…graph of proportional distribution of elk on feedgrounds (has 
increased as animals on native range have declined). Write this up and share with the group 
for edits. 
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Do we provide a set date of adjusting feeding criteria to build collaboration with publics who 
will be influenced by the change (public outreach)? The adaptive part is figuring out what 
number of elk the refuge can support, less so how to reduce numbers on winter feed. Will 
likely push off winter feeding regardless in an effort to maximize bison harvest (i.e., late 
January season). 
 
Include a summary of the actions in this plan that tier off of the BEMP vs. those that would 
trigger NEPA. This would include defining strategies succinctly and the threshold that would 
trigger NEPA. In this way we can move forward with actions that step down from the BEMP 
and have a trigger for initiating NEPA if, and only if, necessary.   

1) Removed ‘Grand Teton NP harvest’ from the bison alternatives table because it was not 
in the BEMP and would therefore trigger NEPA and an act of Congress would be 
necessary (for a hunt, not a cull). A bison cull in GTNP would still trigger NEPA. Included 
agency cull (see below).  

2) Test and slaughter for bison was reviewed and rejected in the BEMP – many reasons to 
not do it.  

3) An agency bison cull would trigger NEPA 
4) Herd-wide fertility control in bison would similarly trigger NEPA 
5) Elk fertility control in GTNP south? This is currently an action in an elk strategy that 

would trigger NEPA, yet we haven’t excluded it from the main plan, simply stated it 
would need NEPA. 

 
Wolf management to facilitate elk winter use of native range. 
 
We need to make sure the co-mingling mitigation tools are articulated and implementable; 
this can be started as soon as possible so that when we start adjusting feeding to change elk 
distribution we are a bit ahead of the game.  
      
 
Influence diagram rules –  

1) Bolded polygons and arrows represent NER specific outcomes, influences, factors, and 
measurable attributes. 

2) Rectangles represent ongoing management actions that influence the outcome of 
interest, bison and elk fed days on the NER  

3) Hexagon is an outcome (which are also an influence/factor) 
4) Dashed rectangle represents a measureable attribute with a defined threshold to trigger 

a management decision to implement an action. 
5) Rounded rectangles represent objectives measured with uncertainty 
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6) Factors that influence the outcome. Unpredictable, unmeasured, or both, i.e., beyond 
our control or ability to influence effectively. 
 

Influence Diagram Narratives—If survival and distribution are related to EFD & BFD – assume 
that reductions in EFD & BFD are not due to significant reduction in populations but instead the 
need to change elk and bison behavior and distribution.  
 
First influence diagram – defines bison and elk fed days, and winter distribution, as outcomes. 
Each of these outcomes is defined in the BEMP; the phase 1 objective for BFD and EFD are 
based on feeding 500 and 5,000 bison and elk, respectively, for an average length of time (see 
above). The phase 2 objective is to minimize BFD and EFD, up to and including no feeding, while 
supporting JBH and JEH objectives. Winter distribution of the JEH to support the current 
population objective (11,000 elk ± 10%) is defined in the BEMP (table X, above), including 5,000 
elk wintering on the NER. 
 
Ultimate question – how many elk can the refuge support while concurrently minimizing calf 
survival and winter feeding? That is the primary uncertainty and what we need to determine.  
 
Second influence diagram – includes a third outcome not explicitly defined in the BEMP but 
identified during the development of this plan.   
 
Note to include – triggers for start and end of winter feeding are 1) available standing forage 
on NER key index sites, and 2) snow cover on transitional areas, respectively. The latter could 
be quantified using fixed photo points to estimate percent bare ground at important 
transitional areas (e.g., Kelly hayfields).  
 
Models of System Dynamics 
 
Minimizing elk fed days on the NER will Four aspects of bison and elk management that need to 
be conceptualized (graphically) and formalized into models for linking objectives, management 
actions, outcomes and uncertainties – relationship between ungulate fed days and 1) winter 
conditions (SWE), 2) regional precipitation as a proxy for forage production (PHDI?), and 3) JEH 
population abundance; distribution of elk and bison as a function of 1) winter feeding and 2) 
hunt management; calf survival as a function of available forage at the start of feeding and 
winter severity; to Elk fed days model – early season winter conditions more influential on elk 
fed days, so using December 30th snow-water equivalent from Thumb Divide stations. 
December 30th was the earliest feeding start date 1995-2013. SNOTEL sites most relevant – 
Thumb Divide, Lewis Lake Divide, Two Ocean Plateau, and Gros Ventre Summit. Used data 
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starting with winter 2006 (feed season 2007) available forage monitoring. Used herbaceous 
forage production estimate on the NER as a predictor of EFD. Also used the JEH population 
estimate as a predictor of EFD. Currently only have data for years when feeding started at 300 
lbs ac1, so unable to estimate its effect on EFD. Moving forward will change the trigger as an 
experiment to encourage elk to not come to the NER for supplemental feed. This effort is 
intended to change the behavior of elk, so therefore there may be a lag in response. Elk 
demonstrate high fidelity to winter feed grounds; behavioral changes will therefore be slow to 
manifest in the population. For example, assume 1000 female elk in a population with survival = 
0.8 and feedground fidelity = 1. In three years there will be 512 females remaining that we 
assume will not respond to changes in feed start, leaving 488 new individuals that a behavioural 
response may manifest itself in.  
 
Models provide a simplified representation of the biological system being managed.  
 
The fundamental objective of the step-down adaptive management plan articulated in the 
BEMP Sustainable Populations goal will be realized by minimizing the number of bison and 
elk on feed while maintaining population objectives. Minimizing the number of animals on 
feed is intended to 1) change winter distribution of bison and elk as described in the BEMP 
and 2) minimize feedline congregation that increases the threat of disease transmission. The 
current distribution of bison and elk is at least partially the result of the behavioral response 
to feed at the NER, i.e., bison and elk have a learned behavior of immigrating to the NER 
during winter to receive feed. The influence of feeding on this behavior relative to other 
factors such as winter severity, regional forage production, and population abundance is 
currently unknown. Therefore, predicting the response .Achieving a distributional change of 
bison and elk will require Changes to winter feeding and Management actions that 
Minimizing bison and elk on feed at the NER will be undertaken to achieve winter 
distributionchange the behavioral response of accomplishing winter distribution of bison and 
elk as defined in the BEMP  by bison and elk If a primary means objective is to minimize the 
number of animals on feed and  we need to conceptualize the relationship between elk 
density, winter feeding. To do this I thought it would be easiest to define the proportion of 
Kcal in elk diets from feed as a function of elk density while accounting for standing forage. I 
created a figure to represent this; no feeding occurs at low densities of elk (<1 animal per 300 
lbs available forage), then asymptotically approaches all Kcals coming from feed as density 
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increases. We can change the threshold of when feeding starts as necessary.

 
While this simple model helps us think through winter feeding and elk numbers, it ignores elk 
survival as a function of available forage. I don’t think we can ignore that, especially calf 
survival? It seems to me that what we are trying to do is 1) encourage elk to distribute 
themselves more broadly by being less conservative with winter feeding (i.e., change the 
shape of the figure above) and conducting late-season hunts, while 2) staying within an 
acceptable range of winter mortality, especially calf mortality. I’ve been thinking about this in 
this manner since Tim’s comments on winter survival at the last meeting. I understand that 
we’re working toward achieving desired conditions, but I imagine we’ll quickly lose public 
support if they see a pile of dead calves. And I don’t think they’ll view sparing aspen from elk 
browse is worth that.  
 
Here’s a figure of the hypothesized relationship between calf survival and available forage.  
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We could use existing information to estimate the two relationships represented in the 
figures, which would provide us with a set of models to predict winter calf mortality as a 
function of available forage, and then see where we can get with less conservative winter 
feeding. This would allow us to articulate to the public that we’re trying to not go above 
some level of calf mortality while reducing the number of elk on the refuge by being less 
conservative with feeding. If we can’t successfully reduce the number of elk on feed without 
going beyond the calf mortality rate deemed acceptable then we’ll know we need to 1) get 
support for possibly allowing higher calf mortality, 2) use some other identified action to 
distribute elk during winter, or 3) reduce the overall objective/number of elk.   
 
We could concurrently monitor aspen condition so that as we alter distribution of animals on 
the refuge we learn how that influences the likelihood of aspen growing through the browse 
zone. This would allow us to relatively seamlessly transition into phase 2 of the plan.  At that 
point the question becomes ‘can aspen reached desired condition when we maximize the 
number of elk on standing forage at the current population level (density).  
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Adaptive management uses models of the managed system to link the objective response (e.g., 
desired habitat condition) to changes in the system resulting from management actions (e.g., 
altered elk distribution).  
 
We need to have a spatially-explicit model (set of models) that links desired conditions to elk 
and bison abundance and distribution. If we divide the refuge into 16 ha (40 acre) blocks we 
can then build a model to predict desired condition in that block during a period of time in 
response to elk and bison use. The latter is similar to EFD and BFD in needing to combine 
abundance and time animals are in a block. From a management perspective this is most 
influenced by feeding and harvest. Desired habitat condition is a function of animal use 
 

𝐸𝐸𝐷𝐷𝑡𝑡(𝑝𝑝) = 𝑓𝑓(𝑈𝑈𝑡𝑡(𝑝𝑝)), 
   
where 𝐸𝐸𝐷𝐷𝑡𝑡(𝑝𝑝) is the desired condition in block i during time t and 𝑈𝑈𝑡𝑡(𝑝𝑝) is the combined use of 
block i during time t by elk and bison. Takes a special case of circumstances to have escapement 
occur. (this can be separated so each species has its own term and they are additive – not 
sure how that would look, but seems easily doable). Use is the product of animal abundance in 
block i in time t, 𝑛𝑛𝑡𝑡(𝑝𝑝), and days present, 𝑑𝑑𝑡𝑡(𝑝𝑝) (may be more realistic to have larger time frame, 
e.g. weeks, that is realistic from a monitoring perspective), such that  
 

𝑈𝑈𝑡𝑡(𝑝𝑝) = 𝑛𝑛𝑡𝑡(𝑝𝑝)𝑑𝑑𝑡𝑡(𝑝𝑝). 
 

Animal abundance, n, in turn, is a function of the proportion of animals (𝑝𝑝𝑡𝑡(𝑝𝑝)) present in block i 
at time t 
 
 

𝑛𝑛𝑡𝑡(𝑝𝑝) = 𝑝𝑝𝑡𝑡(𝑝𝑝)𝑁𝑁𝑡𝑡, 
 
where 𝑁𝑁𝑡𝑡 is the total population during time t. Lastly, 𝑝𝑝𝑡𝑡(𝑝𝑝) can be described as a function of 
hunting, winter feeding, and other block attributes (this latter group should be included at a 
general level and is something we need to discuss; most of our interest lies in the response of 
animals to hunting and feeding).  
 
We assumed a negative linear effect of winter feeding on animal use of a block, i.e., use 
increases linearly with decreasing distance from a feedground. The influence of hunting on 
animal use in a block was assumed to have a pseudo-threshold functional form. This accounts 
for the discrete boundaries between open- and closed-hunt units such that the effect of 
hunting on animal use declines rapidly with distance from open-hunt units and approaches an 
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asymptote. What are the attributes of each cell that predict use – distance to feed grounds, 
hunt management, aspect, slope, distance to road, fencing. This is a significant component we 
need to figure out. I can try to provide some examples to help with the conversation. The 
other big component to work through is what exactly DC is – I’m still partial to working this 
this using aspen as an example. ‘Heavy lifting is defining DC and quantifying it’ (Kerry). We 
may find that to be about as much as can be handled with current resources. If that is true, 
we’ll have to think through how we can justify just one (or maybe 2-3) of the desired 
conditions for monitoring. If cottonwoods are less preferred than aspen we can probably 
easily get away from intense monitoring of cottonwoods by assuming they are likely doing 
well if aspen are. Different story for willows, but maybe it will take fence to get willows back 
at nearly any level of elk/bison at this point.   
 
Monitoring 
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APPENDIX I 
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Goals: 
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Figure 1.A1. Schematic representation of Bison and Elk Management Plan vision, goals, objective categories, objectives, measureable attributes and performance criteria. Bolded boxes and arrows represent the objective 
outlining the phased approach to population management by adaptively managing elk and bison populations for desired conditions. Stippled boxes represent measureable attributes and performance criteria for desired 
conditions defined in the National Elk Refuge Comprehensive Conservation Plan. Grayed-out boxes represent objectives, measurable attributes, and performance criteria wholly (e.g., public education) or largely (e.g., 
invasive species management) independent of desired conditions related to elk and bison population objectives, and therefore not considered in this plan. 
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‘Manage bison and elk in a manner that contributes to the state’s herd objectives 
yet allows for the biotic integrity and environmental health of the resources to be 

sustained (BEMP Desired Conditions). 
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From: Steve Cain
To: Steve Kallin
Subject: AMP progress update
Date: Monday, April 13, 2015 11:56:18 AM
Attachments: NER AMP Draft v1.4 pdf shell for SK.pdf

NER AMP Draft v1.4.docx

Hi Steve,

Didn't want to bother you while on leave, but I am at a point where some feedback would help
to be most productive.  This can wait until later this week, or next, since I will be working for
GTNPF the next 3 days.  

I have attached two versions of the draft plan, one in Word that includes many comments by
me, and Jeff's old draft material, the other a PDF that just includes my writing (with a bit of
Jeff's in modified forms) and is a little cleaner for just seeing the current state of what I have
produced.  Neither has been copy edited, and both are in rough form, so don't worry about
editorial problems at this point.

My main emphasis has been do get down the primary background and concepts in concise
form, geared toward the public, and to provide something for the work group to start reacting
to in a more meaningful way, fully anticipating lots of changes as we go through the process. 
It would be helpful to review all of what I have done to date.  In particular, you will see in the
Strategies section, beginning on page 13 in the PDF, I have included some outline headings
and example tables and figures.  The table 5 example shows some of the kind of detail I
envision we need in the plan, but that we have yet to develop.  This is really the meat of the
plan - what we intend to do and how. My thought is that we need to populate this or a similar
table prior to writing the section.

How we do this could be as the larger group, or perhaps you, me, Eric, and Jeff could make an
attempt at roughing it out and give the larger group something to react to.  We can discuss this
 next week.  And of course, incorporating what Jeff and Eric are working on still needs to be
done. It will likely influence what the example table 5 incorporates.  I don't get the feeling that
they will be ready to complete and write about results of their models next week, but I could
be wrong.  Perhaps it would be fruitful for you, me, Jeff, and Eric to have meeting first thing
next Monday to update and strategize?

I am also available this Friday if you want to meet about any of this.

Thanks Steve.  Talk to you soon.

Steve
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INTRODUCTION 
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies a large area in the 
upper Snake River watershed north of the town 
of Jackson (Fig. 1).  Much of the herd is migratory, 
moving between distinct wintering and summer 
ranges.  Primary wintering areas include the 
Buffalo Valley, lower elevations of the Gros 
Ventre River drainage, the National Elk Refuge 
(NER), and areas adjacent to the NER on Bridger-
Teton National Forest (BTNF) lands.  Summering 
areas occur throughout the herd’s range and for 
convenience are divided into four geographic 
regions that include Grand Teton National Park 
(GTNP), Yellowstone National Park (YNP), the 
Gros Ventre drainage, and Teton Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 
“tusk hunters” and large-scale commercial 
hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 

mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
and federal officials in Jackson Hole, to begin 
feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 
reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 
Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
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established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
 

An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 
Teton National Park with the Teton Range in the 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 

Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 

divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 
tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 
Preserve, Inc., and the Wyoming Game and Fishe 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 

bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 
to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and the bison are now fed 
more than a maintenance ration to reduce 
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 

Planning History 
 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
_).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt administered by WGFD.  This plan was 

halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig _).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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bison and elk management focused on four broad 
goals: 1) sustaining native habitat; 2) promoting 
sustainable populations; 3) maintaining 
population sizes; and 4) preventing spread of 
disease.  The primary management scenarios 
presented in the alternatives included the status 
quo, terminating elk and bison hunting on the 
NER and elk hunting in GTNP, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007, 
http://www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This document addresses the 
need for development of an adaptive 
management plan to decrease the reliance of elk 
and bison on supplemental feeding (Fig. 4).  It 
does not address other on-going bison and elk 
management actions prescribed by the BEMP. 
 
As of March 2015, two court rulings have upheld 
the 2007 BEMP and ROD. In a lawsuits against the  
BEMP and its author agencies, Defenders of 
Wildlife et al. v. the U.S. Department of Interior 
and State of Wyoming (defendant intervenors; 
citation), plaintiffs argued that the BEMP violated 
the National Wildlife Refuge System 
Improvement Act (citation) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 

agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling.   
 
 [any additional BEMP background needed in 
Intro?] 
 

National Environmental Protection Act 
Compliance 
 

The 1970 National Environmental Protection Act 
(NEPA; 42 U.S.C. 4321 et seq.) established 
national environmental policy and goals for the 
protection, maintenance, and enhancement of 
the environment on and provides a process for 
implementing these goals within the federal 
agencies.   Section 102 requires federal agencies 
to incorporate environmental considerations in 
their planning and decision-making through a 
systematic interdisciplinary approach. 
Specifically, all federal agencies are to prepare 
statements assessing the environmental impact 
of and alternatives to federal actions affecting 
the environment. Statements typically occur at 
three levels of analysis: categorical exclusion 
determination; preparation of an environmental 
assessment/finding of no significant impact 
(EA/FONSI); and, for major federal actions, 
preparation of an environmental impact 
statement (EIS).  

 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
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preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   

 

Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 

results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 
objectives, 2) clearly articulated management 
actions and strategies, 3) a model, or competing 
models, describing the dynamics of the system 
being managed, and 4) a monitoring program to 
quantify system response to management and 
allow estimation of the difference between the 
observed and predicted (from the model or 
models) system response (Walters 1986).   
 

 

OBJECTIVES 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 

relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 
goals, 20 associated objectives were addressed 
(Table 1).  This adaptive management plan 
focuses on two primary objectives under the goal 
of sustainable populations, designated to occur in 
two phases (Fig. 5). 
 
In Phase 1, the objective is to reduce the average 
number of elk on feed to 5,000 (while 
maintaining WGFD’s 11,000 elk herd objective), 
and reduce the winter population of bison to the 
BEMP-adopted objective of 500. In Phase 2, the 
overall objective is to reduce the reliance of bison 
and elk on supplemental feed.  Desired  
conditions include animals relying predominantly 
on native habitat and cultivated forage. 
Important consideration criteria for 
implementing Phase 2 will include: 1) the level of 
forage production and availability on the National 
Elk Refuge and adjacent winter ranges, 2) 
maintenance of desired herd sizes and age/sex 
ratios, 3) the ability to effectively mitigate bison 
and elk livestock conflicts, such as co-mingling on 
on private lands during high risk disease 
transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 

plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 

 

MANAGEMENT ACTIONS AND STRATEGIES 
 

Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 

1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 

Table 1.  2007 Bison/Elk Management Plan Goals 
and Objectives (Adaptive Management Plan 
objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

 Conserve important private lands. 

 Increase forage production. 

 Minimize non-native plants. 

 Protect sagebrush grasslands. 

 Restore willow, aspen, and cottonwood. 

 Perpetuate natural mosaic of plant 
communities. 

Goal: Sustainable Populations 
   Objectives: 

 Develop adaptive management plan for 
reducing NER supplemental feeding. 

 Phase reduction of animals on feed: 1) to 
5,000 elk and 500 bison, and 2) elk and 
bison rely predominantly on native habitat. 

 Maintain natural bull-to-cow ratios in park 
summer herd. 

 Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

 Maintain state elk herd objective of 11,000. 

 Maintain a genetically viable bison 
population of about 500 animals. 

Goal: Disease Management 
   Objectives: 

 Manage brucellosis transmission risk from 
elk and bison to livestock. 

 Manage feeding to reduce brucellosis 
transmission among bison and elk. 

 Educate hunters about wildlife disease 
human health hazards. 



 

 7  
 

powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 

daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The adaptive 
management approach will necessarily be one of 
trial and error, constant evaluation, modifications 
to approach when indicated, and repeated trials 

 

Figure 6.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing of 
objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
phase 2. 
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(Fig 4).  As such the approach will also be 
experimental, but it will be guided by rigorous 
analysis and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 

 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
[include discussion of challenges somewhere 
around here, e.g., changing elk winter 
distribution since the BEMP?] 
 

Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 

important changes have taken place, some of 

which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,000 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 
to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000.  Unfortunately, however, its winter 
distribution has changed fundamentally, favoring 
an increasing trend of even higher proportions of 
the herd on NER feed during winter (Fig. 6). [add 
additional information from Doug – request 
made no response as of 4-13-15] 
 
The factors responsible for this change are 
unknown but are likely a combination of weather 
conditions and elk behavior, possibly influenced 
by the presence of wolves in some historic native 
winter ranges.  Regardless of the reason, this 
trend is the reverse of what is desired and will 
make achieving the Phase I objective of 5,000 elk 
on feed, and future reductions, more difficult.  
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013, and in recent years irrigation of 
approximately 3,600 acres has increased forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone. 
 
[and other changes to include here?] 
 

Current Management 

 

Figure  5.  Increasing trend of National Elk Refuge elk 

on feed as a proportion of the Jackson Elk Herd 

estimated population size.  
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Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.   
 

Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs per acre at key index sites 
and is considered conservative in terms of elk 
nutritional needs. Available winter forage for elk 
and bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 

Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 
lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February classification 
counts, 2011–2013, relative to the current objective. 

  OBJECTIVE 2011 2012 2013 mean 

NER 5,000 7,746 7,360 6,285 7,130 

Gros Ventre 3,500 2,775 3,265 2,982 3,007 

Native Range
1
 2,500 982 894 1,784 1,220 

Total 11,000 11,503 11,519 11,051 11,357 
1
Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 
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(SD = 56) hunters harvested 161 (SD = 38) elk per 
year during the NER hunt. 

  
Associated with harvest on the NER, “tag and 
drag” is a retrieval service currently provided by 
two licensed outfitters. They are also licensed to 
guide on the NER. This program will continue 
regardless of the management strategy 
employed.   
 
The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 8).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5) 
bison per year.  This level of harvest has been 
sufficient to arrest the exponential growth of the 
population, reducing bison numbers from the 
peak in 2007 to about 700 animals in winter 2015 
(Fig 3). Tribal bison harvest of up to 5 animals for 
ceremonial purposes was authorized in the 
BEMP.  Translocation of wild bison to lands 
outside of Teton County is not currently 
permitted due to brucellosis concerns.  

Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 

goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions. For example, an emergency extension 
of the season (up to 31 January) could occur if 
mild winter conditions precluded desired harvest 
earlier in the season, while an emergency closure 
may be necessary if winter conditions required 
feeding to commence before the predetermined 
season end date.  

 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER rear around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 
and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 

 
  Figure 12.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease within several days to weeks of the 
bison season in an effort to increase hunter 
harvest.  
Reducing spring hazing to increase early-season 
harvest was considered as a potential action but 
not included due to 1) the perception that the 
loss of forage on the Refuge by resident elk 
during summer would offset gains due to 
increased harvest, 2) presence of wolves on the 
northern end of the Refuge may preclude the 
desired response of reduced hazing to keep elk 
on the north end of the Refuge, and 3) recently 
observed aspen recovery could be reduced if elk 
use increased on the north end of the Refuge.  
 

Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 
implementation, followed by what remains to be 
accomplished] 
 

[Eric, anything you want to include in this section 
for NER?  Think in terms of providing background 
(current management) for anything you want to 
include in the budget for future actions 
(management strategies), so when it comes time 
to ask our agencies for funds it will be covered] 

 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
For example, a proposed mitigation in the Horse 
Creek area would involve a land trade with a 
private landowner to move livestock winter 
feeding operations off of a south facing slope that 
is a movement corridor for elk. Fencing three 
sides of the private land would separate the 
corridor from the livestock feedline.  
 

Methods, Assumptions, and Constraints 
Common to All Strategies 
  
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
includes ground counts of animals on feed at the 
NER and aerial counts of outlying bison across 
their winter ranges on the refuge, park, and 
Bridger-Teton National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 

 

Figure 7.  Estimated elk harvests for Grand Teton 

National Park and the Jackson elk herd (including the 

park) 2000–2014. 
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toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 

measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 

feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity.  For example, if 
5,000 were elk fed for 100 days during the 
winter, feeding intensity for that winter would 
equal 5,000 elk X 100 days = 50,000 EFD, whereas 
if 5,000 elk were fed for 50 days, EFD would equal 
25,000. 
 
We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 
bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Elk-fed-days will be determined each winter by… 
[add methodology here] 
 
Several management constraints are common to 
the strategies discussed below (Table 4).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements.  
Similarly, compliance with the Wyoming greater 
sage-grouse core area protection executive order 
(2011-5) could restrict habitat manipulations.  
NEPA compliance conducted as part of the 
BEMP/EIS constrains what federal actions can be 
taken as a part of this plan.  State regulations 
constrain late (winter) hunt and carcass disposal 
timing to protect against brucellosis 
contamination, since February-April represent 
the period bison and elk are most likely to 
transmit the disease.  Restrictions on hunting 
timing also result from BTNF winter range 
closures, immediately east of the NER and 
elsewhere, December 1 to April 30.  Additional 
details about these and other constraints will be 

Table 4. Summary of Adaptive Management 
Plan constraints.  

Policy 
ESA

1
 Lynx – limits on habitat impacts 

Greater Sage Grouse – core area protection 
2007 BEMP/EIS (federal actions/lands) 

 No fertility control 

 No test and slaughter 

 Limited tribal harvest 
Bison/elk hunt end date (Feb. 1

st
)  

 WGFD, brucellosis safety 
Carcass disposal (Feb. 15

th
) 

 WGFD, brucellosis safety 

Forest Service winter closure (Dec. 1
st

 – April 30
th

) 

Easement limitation (NER boundary) 

Winter Feeding 
Only during non-hunting periods 

Harvest 
State regulations 

Vegetation Restoration/Protection 
Bison/elk distribution 
Exotic species management 
Private Lands  
Owner agreements 
Social 

Hunter density 

Elk/bison winter mortality levels 

Public safety (ungulate/vehicle collisions) 

Disease  

Land-use conflicts (agricultural and residential) 

Biological 

Disease (bison/elk/cattle commingling) 

Sage grouse habitat conflicts 

Fencing/wildlife conflicts 
Elk herd distribution 

 summer segment distribution goals 

Funding 

Easement purchase 

Plan implementation 
1
Endangered Species Act 
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included in discussions about specific strategies 
that follow. 
 

Strategies  [in outline form only, including 

some example tables and figures] 
 

Objective: [Implement] a phased reduction of 

animals on feed: 1) to 5,000 elk and 500 bison, and 2) 
[to an extent where] elk and bison rely predominantly 
on native habitat (Table 1). 
 

Winter Feeding  
 
Harvest 
 
Private Lands Mitigation 
 
Vegetation Restoration/Protection 
 
[include summary tables where desirable] 
 
Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 

Harvest 
 
Objective Enhance public outreach/education 
(Table 1). 
 

 

Table 5.  [example] Comparison of current and adaptive primary management components and parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Winter Feeding:    

   Feed Pelleted alfalfa Pelleted alfalfa No change 

  Ration __lbs/day/elk 
__lbs/day/bison 

__lbs/day/elk 
__lbs/day/bison 

 

   Start criteria:    

      Standing forage __lbs/acre __lbs/acre  

      Forage availability    

      [list additional criteria]    

   End criteria:    

      [list criteria]    

   Monitoring:    

      Animals on feed Mid-winter census Elk/bison fed days
1 

 

   Calf mortality threshold None < __%  

   [additional parameters]    
1
Number elk and bison on feed per day, totaled by feeding season. 
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Table 5.  [example continued] Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  

   Begin Date October 7  [Date ranges could be 
used here] 

   End Date December 15   

   Structure (e.g. hunt periods)    

   License types Antlerless only   

   Access    

   Special regulations: [list as needed]   

    

Harvest, National Elk Refuge 
bison: 

   

   [as above]    

    

    

    

Harvest, Grand Teton NP elk:    

   Frequency As needed As needed  

   Begin Date    

   End Date    

   License types Antlerless only Antlerless only
1 

 

   Special regulations: Cartridge limits   

       Bear spray required   

 Hunter safety card   

 [etc., or just list the 
ones that would 
change under AM] 

  

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    

   End Date  December 15 Would require change 
in winter closure dates 

Harvest, Elk Hunt Area 78    

   Structure   Changes at discretion 
of WGFD    License types   

    

Private Lands Mitigation:    

   Cattle commingling  Incentives for non-
breeding operation 

 

   Hay depredation  Increased fencing  

   Landscape damage    

[could be further organized 
geographically or by 
ranch/property] 

   

1
Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 



 

 15  
 

  

 

Figure 8.  [example] Framework for delayed feeding trials and adaptive management. 

 

Figure 9. [example] Framework for harvest strategy and adaptive management. 
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MONITORING [section to be completed based on Jeff’s and Eric’s work] 

 

SCHEDULE 

BUDGET

 

Table 10. [example] Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 

 

 

Table 11.  [example] Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      

   Expense 1 $0 $0 $0 $0 $0 

   Expense 2 $0 $0 $0 $0 $0 

Grand Teton National Park:      

   Expense 1 $0 $0 $0 $0 $0 

   Expense 2 $0 $0 $0 $0 $0 

Wyoming Game and Fish Department      

   Expense 1 $0 $0 $0 $0 $0 

   Expense 2 $0 $0 $0 $0 $0 

Subtotal: National Elk Refuge $0 $0 $0 $0 $0 

Subtotal: Grand Teton National Park $0 $0 $0 $0 $0 

Subtotal: Wyoming Game and Fish Department $0 $0 $0 $0 $0 

Grand Total $0 $0 $0 $0 $0 
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INTRODUCTION 
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies a large area in the 
upper Snake River watershed north of the town 
of Jackson (Fig. 1).  Much of the herd is migratory, 
moving between distinct wintering and summer 
ranges.  Primary wintering areas include the 
Buffalo Valley, lower elevations of the Gros 
Ventre River drainage, the National Elk Refuge 
(NER), and areas adjacent to the NER on Bridger-
Teton National Forest (BTNF) lands.  Summering 
areas occur throughout the herd’s range and for 
convenience are divided into four geographic 
regions that include Grand Teton National Park 
(GTNP), Yellowstone National Park (YNP), the 
Gros Ventre drainage, and Teton Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 
“tusk hunters” and large-scale commercial 
hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 

mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
and federal officials in Jackson Hole, to begin 
feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 
reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 
Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 

Commented [S3]: Include acres or square kilometers 
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established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
 

An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 
Teton National Park with the Teton Range in the 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 
tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 
Preserve, Inc., and the Wyoming Game and Fishe 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 

bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 
to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and the bison are now fed 
more than a maintenance ration to reduce 
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 
 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
_).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt administered by WGFD.  This plan was 

halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig _).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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bison and elk management focused on four broad 
goals: 1) sustaining native habitat; 2) promoting 
sustainable populations; 3) maintaining 
population sizes; and 4) preventing spread of 
disease.  The primary management scenarios 
presented in the alternatives included the status 
quo, terminating elk and bison hunting on the 
NER and elk hunting in GTNP, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007, 
http://www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This document addresses the 
need for development of an adaptive 
management plan to decrease the reliance of elk 
and bison on supplemental feeding (Fig. 4).  It 
does not address other on-going bison and elk 
management actions prescribed by the BEMP. 
 
As of March 2015, two court rulings have upheld 
the 2007 BEMP and ROD. In a lawsuits against the  
BEMP and its author agencies, Defenders of 
Wildlife et al. v. the U.S. Department of Interior 
and State of Wyoming (defendant intervenors; 
citation), plaintiffs argued that the BEMP violated 
the National Wildlife Refuge System 
Improvement Act (citation) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 

agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling.   
 
 [any additional BEMP background needed in 
Intro?] 
 
National Environmental Protection Act 
Compliance 
 

The 1970 National Environmental Protection Act 
(NEPA; 42 U.S.C. 4321 et seq.) established 
national environmental policy and goals for the 
protection, maintenance, and enhancement of 
the environment on and provides a process for 
implementing these goals within the federal 
agencies.   Section 102 requires federal agencies 
to incorporate environmental considerations in 
their planning and decision-making through a 
systematic interdisciplinary approach. 
Specifically, all federal agencies are to prepare 
statements assessing the environmental impact 
of and alternatives to federal actions affecting 
the environment. Statements typically occur at 
three levels of analysis: categorical exclusion 
determination; preparation of an environmental 
assessment/finding of no significant impact 
(EA/FONSI); and, for major federal actions, 
preparation of an environmental impact 
statement (EIS).  

 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
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preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   

 
Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 

results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 
objectives, 2) clearly articulated management 
actions and strategies, 3) a model, or competing 
models, describing the dynamics of the system 
being managed, and 4) a monitoring program to 
quantify system response to management and 
allow estimation of the difference between the 
observed and predicted (from the model or 
models) system response (Walters 1986).   
 

 
OBJECTIVES 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 
goals, 20 associated objectives were addressed 
(Table 1).  This adaptive management plan 
focuses on two primary objectives under the goal 
of sustainable populations, designated to occur in 
two phases (Fig. 5). 
 
In Phase 1, the objective is to reduce the average 
number of elk on feed to 5,000 (while 
maintaining WGFD’s 11,000 elk herd objective), 
and reduce the winter population of bison to the 
BEMP-adopted objective of 500. In Phase 2, the 
overall objective is to reduce the reliance of bison 
and elk on supplemental feed.  Desired  
conditions include animals relying predominantly 
on native habitat and cultivated forage. 
Important consideration criteria for 
implementing Phase 2 will include: 1) the level of 
forage production and availability on the National 
Elk Refuge and adjacent winter ranges, 2) 
maintenance of desired herd sizes and age/sex 
ratios, 3) the ability to effectively mitigate bison 
and elk livestock conflicts, such as co-mingling on 
on private lands during high risk disease 
transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 

plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 

 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 

1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 

Table 1.  2007 Bison/Elk Management Plan Goals 
and Objectives (Adaptive Management Plan 
objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives: 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 

• Phase reduction of animals on feed: 1) to 
5,000 elk and 500 bison, and 2) elk and 
bison rely predominantly on native habitat. 

• Maintain natural bull-to-cow ratios in park 
summer herd. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 11,000. 
• Maintain a genetically viable bison 

population of about 500 animals. 
Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk from 
elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

• Educate hunters about wildlife disease 
human health hazards. 
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powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 

daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The adaptive 
management approach will necessarily be one of 
trial and error, constant evaluation, modifications 
to approach when indicated, and repeated trials 

 

Figure 6.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing of 
objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
phase 2. 
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(Fig 4).  As such the approach will also be 
experimental, but it will be guided by rigorous 
analysis and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
[include discussion of challenges somewhere 
around here, e.g., changing elk winter 
distribution since the BEMP?] 
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 

important changes have taken place, some of 

which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,000 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 
to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000.  Unfortunately, however, its winter 
distribution has changed fundamentally, favoring 
an increasing trend of even higher proportions of 
the herd on NER feed during winter (Fig. 6). [add 
additional information from Doug – request 
made no response as of 4-13-15] 
 
The factors responsible for this change are 
unknown but are likely a combination of weather 
conditions and elk behavior, possibly influenced 
by the presence of wolves in some historic native 
winter ranges.  Regardless of the reason, this 
trend is the reverse of what is desired and will 
make achieving the Phase I objective of 5,000 elk 
on feed, and future reductions, more difficult.  
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013, and in recent years irrigation of 
approximately 3,600 acres has increased forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone. 
 
[and other changes to include here?] 
 
Current Management 

 

Figure  5.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.   
 
Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs per acre at key index sites 
and is considered conservative in terms of elk 
nutritional needs. Available winter forage for elk 
and bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 

Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 
lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February classification 
counts, 2011–2013, relative to the current objective. 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range1 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 
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(SD = 56) hunters harvested 161 (SD = 38) elk per 
year during the NER hunt. 

  
Associated with harvest on the NER, “tag and 
drag” is a retrieval service currently provided by 
two licensed outfitters. They are also licensed to 
guide on the NER. This program will continue 
regardless of the management strategy 
employed.   
 
The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 8).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5) 
bison per year.  This level of harvest has been 
sufficient to arrest the exponential growth of the 
population, reducing bison numbers from the 
peak in 2007 to about 700 animals in winter 2015 
(Fig 3). Tribal bison harvest of up to 5 animals for 
ceremonial purposes was authorized in the 
BEMP.  Translocation of wild bison to lands 
outside of Teton County is not currently 
permitted due to brucellosis concerns.  

Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 

goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions. For example, an emergency extension 
of the season (up to 31 January) could occur if 
mild winter conditions precluded desired harvest 
earlier in the season, while an emergency closure 
may be necessary if winter conditions required 
feeding to commence before the predetermined 
season end date.  
 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER rear around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 
and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 

 
  Figure 12.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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forays back to the NER and are hazed back to 
GTNP to protect winter forage for elk during the 
winter months. Hazing efforts in August cease 
within several days to weeks of the bison season 
in an effort to increase hunter harvest.  
Reducing spring hazing to increase early-season 
harvest was considered as a potential action but 
not included due to 1) the perception that the 
loss of forage on the Refuge by resident elk 
during summer would offset gains due to 
increased harvest, 2) presence of wolves on the 
northern end of the Refuge may preclude the 
desired response of reduced hazing to keep elk 
on the north end of the Refuge, and 3) recently 
observed aspen recovery could be reduced if elk 
use increased on the north end of the Refuge.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 
implementation, followed by what remains to be 
accomplished] 
 

[Eric, anything you want to include in this section 
for NER?  Think in terms of providing background 
(current management) for anything you want to 
include in the budget for future actions 
(management strategies), so when it comes time 
to ask our agencies for funds it will be covered] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
For example, a proposed mitigation in the Horse 
Creek area would involve a land trade with a 
private landowner to move livestock winter 
feeding operations off of a south facing slope that 
is a movement corridor for elk. Fencing three 
sides of the private land would separate the 
corridor from the livestock feedline.  
 
Methods, Assumptions, and Constraints 
Common to All Strategies 
  
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
includes ground counts of animals on feed at the 
NER and aerial counts of outlying bison across 
their winter ranges on the refuge, park, and 
Bridger-Teton National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 

measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 

feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity.  For example, if 
5,000 were elk fed for 100 days during the 
winter, feeding intensity for that winter would 
equal 5,000 elk X 100 days = 50,000 EFD, whereas 
if 5,000 elk were fed for 50 days, EFD would equal 
25,000. 
 
We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 
bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Elk-fed-days will be determined each winter by… 
[add methodology here] 
 
Several management constraints are common to 
the strategies discussed below (Table 4).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements.  
Similarly, compliance with the Wyoming greater 
sage-grouse core area protection executive order 
(2011-5) could restrict habitat manipulations.  
NEPA compliance conducted as part of the 
BEMP/EIS constrains what federal actions can be 
taken as a part of this plan.  State regulations 
constrain late (winter) hunt and carcass disposal 
timing to protect against brucellosis 
contamination, since February-April represent 
the period bison and elk are most likely to 
transmit the disease.  Restrictions on hunting 
timing also result from BTNF winter range 
closures, immediately east of the NER and 
elsewhere, December 1 to April 30.  Additional 
details about these and other constraints will be 

Table 4. Summary of Adaptive Management 
Plan constraints.  
Policy 
ESA1 Lynx – limits on habitat impacts 
Greater Sage Grouse – core area protection 
2007 BEMP/EIS (federal actions/lands) 

• No fertility control 
• No test and slaughter 
• Limited tribal harvest 

Bison/elk hunt end date (Feb. 1st)  
• WGFD, brucellosis safety 

Carcass disposal (Feb. 15th) 
• WGFD, brucellosis safety 

Forest Service winter closure (Dec. 1st – April 30th) 

Easement limitation (NER boundary) 
Winter Feeding 
Only during non-hunting periods 
Harvest 
State regulations 
Vegetation Restoration/Protection 
Bison/elk distribution 
Exotic species management 
Private Lands  
Owner agreements 
Social 
Hunter density 

Elk/bison winter mortality levels 

Public safety (ungulate/vehicle collisions) 

Disease  

Land-use conflicts (agricultural and residential) 

Biological 

Disease (bison/elk/cattle commingling) 

Sage grouse habitat conflicts 

Fencing/wildlife conflicts 
Elk herd distribution 

• summer segment distribution goals 

Funding 
Easement purchase 
Plan implementation 
1Endangered Species Act 
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included in discussions about specific strategies 
that follow. 
 
Strategies 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, and 2) 
[to an extent where] elk and bison rely predominantly 
on native habitat (Table 1). 
 
Winter Feeding 
 
Harvest 
 
Private Lands Mitigation 
 
Vegetation Restoration/Protection 
 
[include summary tables where desirable] 
 
Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
Harvest 
 
Objective Enhance public outreach/education 
(Table 1). 
 

 

Table 5.  [example] Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
  Ration __lbs/day/elk 

__lbs/day/bison 
__lbs/day/elk 
__lbs/day/bison 

 

   Start criteria:    
      Standing forage __lbs/acre __lbs/acre  
      Forage availability    
      [list additional criteria]    
   End criteria:    
      [list criteria]    
   Monitoring:    
      Animals on feed Mid-winter census Elk/bison fed days1  
   Calf mortality threshold None < __%  
   [additional parameters]    
1Number elk and bison on feed per day, totaled by feeding season. 
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Table 5.  [example continued] Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date October 7  [Date ranges could be 

used here] 
   End Date December 15   
   Structure (e.g. hunt periods)    
   License types Antlerless only   
   Access    
   Special regulations: [list as needed]   
    
Harvest, National Elk Refuge 
bison: 

   

   [as above]    
    
    
    
Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date    
   End Date    
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits   
       Bear spray required   
 Hunter safety card   
 [etc., or just list the 

ones that would 
change under AM] 

  

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   Landscape damage    
[could be further organized 
geographically or by 
ranch/property] 
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Figure 8.  [example] Framework for delayed feeding trials and adaptive management. 

 

Figure 9. [example] Framework for harvest strategy and adaptive management. 
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MONITORING [section to be completed based on Jeff’s and Eric’s work] 

 

SCHEDULE 

BUDGET 

 

Table 10. [example] Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 

 

 

Table 11.  [example] Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      

   Expense 1 $0 $0 $0 $0 $0 

   Expense 2 $0 $0 $0 $0 $0 

Grand Teton National Park:      

   Expense 1 $0 $0 $0 $0 $0 

   Expense 2 $0 $0 $0 $0 $0 

Wyoming Game and Fish Department      

   Expense 1 $0 $0 $0 $0 $0 

   Expense 2 $0 $0 $0 $0 $0 

Subtotal: National Elk Refuge $0 $0 $0 $0 $0 

Subtotal: Grand Teton National Park $0 $0 $0 $0 $0 

Subtotal: Wyoming Game and Fish Department $0 $0 $0 $0 $0 

Grand Total $0 $0 $0 $0 $0 
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Some of Jeff’s older draft material below in next section 

*************************************************************************************  

Alternative management actions identified for meeting the NER winter elk population objective can be 
grouped into four categories, including 1) winter feeding management (both on and off the NER), 2) 
population management (harvest, culling, and fertility control), 3) habitat improvements (on and 
adjacent to the NER), and 4) mitigating private lands conflicts (leases/easements, incentives, fencing) 
(Table 3). The latter represent sequenced alternatives that would be necessary to implement due to 
wintering elk dispersing onto private lands adjacent to the NER in response to other management 
actions taken. A fifth group of alternatives associated with increasing public awareness (including local 
elected officials, e.g., county commissioners) of ‘natural’ levels of elk winter mortality were included 
after the meeting. These actions represent acknowledgement that the current feeding program results 
in reduced winter mortality, perhaps exacerbating already low public tolerance to increased winter 
mortality, whether episodic or perennial in nature. This group was expanded to include more targeted 
education and outreach efforts for landowners, sportsmen and agencies, and the WGFD Commission, 
depending on the strategy.  Lastly, a group for each of monitoring and enforcement were included to 
allow proper accounting of projected costs associated with each management action strategy.   

 

Winter feeding management—Management of winter feeding is a primary driver of elk distribution, and 
to a lesser extent abundance, in the Jackson Hole area. Historically, Ffeeding on the NER has beenis 
initiated each year based on a series of factors, including the amount of forage on the NER, number of 
elk present, and snow conditions. Initiation of feeding is currently conservative (see Reference case, pg 
5). A less conservative approach would result in later initiation of feeding, therefore potentially 
increasing winter calf mortality and comingling. Including agronomic grassland plant communities 
without significant green vegetation and/or reducing the available forage threshold would result in a 
less conservative winter feeding program. Per capita ration levels would not change from the current 
level.   

 

Implementing a less conservative feeding program could result in very limited, or no, feeding given 
certain winter conditions. However, the criteria for a less conservative feeding program would not be 
such that it could be construed as ‘emergency feeding’, i.e., feeding only to preclude a catastrophic 
mortality event. Colorado, Idaho, and Utah provide examples of states that have emergency feeding 
policies. Existing evidence suggests that emergency feeding is not very effective (see review in Putman 
and Staines 2004). Moreover, the current feeding regime has been developed for non-emergency 
situations; a review of current rations and pellet composition would be necessary to adjust the program 
for emergency feeding.  

 

Population management—Hunter harvest is the primary tool employed for population management of 
elk and bison in Wyoming. Increased harvest objectives on/near the NER would target the southern 
segment (Hunt Areas 77 & 78), which is currently more productive (i.e., higher cow-calf ratios) than 
other JEH segments. Doing this would help achieve JEH objective while minimizing harvest on migratory 
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segments. In order to track hunter harvest there would need to be an increase in monitoring, e.g., 
hunter self-registration.         

 

Elk hunting on the NER currently ends mid-December. Offering a late-season hunt (after 15 December) 
would assist in deterring elk from moving onto the refuge. Without coordinated hunts in adjacent units 
(Hunt Areas 75 [GTNP], 78 and 80), and extended open access on BTNF lands in Hunt Area 80, the NER 
hunt would likely be ineffective in also significantly increasing harvest. Late-season harvest in Hunt Area 
80 would include migratory Yellowstone elk, a declining herd segment of conservation concern. These 
proposed coordinated efforts would need to be approved by the Commission, BTNF, and GTNP.  
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Table 3. National Elk Refuge winter elk population strategy table for identifying alternative management 
action strategies. Ongoing management actions that will be continued regardless of strategy selected are 
not included in the table; descriptions can be found in the ‘Reference case’ description within the text. 

  

Reference 
Case 

NER-
focused 

Southern herd 
segment 
mngmnt 

Late 
Season 
Harvest 

Winter feeding management  
   No change X 
 

X X 
Less conservative (NER)  X 

  Population management  
   No change X 
   Increase harvest objectives in Hunt 

Areas 77 & 78  
 

X 
 Late-season refuge hunt (Hunt Area 77)  X X X 

Coordinated late-season hunt (Hunt 
Areas 75, 77, 78, 80)    X 
Extend open period on Forest Service  

  
X 

Fertility control (Hunt Area 78 & GTNP 
South)  

 
X 

 Hunt Area 78 Hunter management 
program   X  

Habitat improvements  
   No change X 
   Fire management on NER and adjacent 

public land  X X X 
Private lands mitigation  

   No change X 
   Incentivize steer operations  X 

  Non-traditional landuse mitigation   X  
Public education/outreach (EO)  

   No change X 
   Increase public EO (including local 

elected officials)  X X X 
Increase landowner EO  X X 

 Increase sportsmen & agency EO   X  
Increase WGFD Commission EO  X X X 

Monitoring X 
   No change  X X 

 Increase  
   Enforcement  
   No change X 
   Minor increase  X X  

Major Increase  
  

X 
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Fertility control was considered and rejected in the 2007 BEMP, so therefore could not be undertaken 
on federal lands without vetting in the NEPA process. Moreover, this action would need approval by the 
WGFD Commission prior to the state undertaking fertility control on private lands in collaboration with 
landowners in Hunt Area 78 and Grand Teton NP South would occur during summer on private lands. 
Research completed since signing of the BEMP indicates fertility control may be more tractable now 
than when it was considered during preparation of the BEMP. Killian et al. (2009) demonstrated 
effectiveness of GonaCon™, a gonadotropin-releasing hormone vaccine, in female elk. Dart-delivered 2 
ml doses of 1000 μg GonaCon™ resulted in nearly complete infertility of females treated in September. 
Much of the early research on this immunocontraceptive vaccine was for use in white-tailed deer, with 
regulatory approval of GonaCon™ for use in female white-tailed deer by the U.S. Environmental 
Protection Agency granted in 2010. There are no known dangers to humans or wildlife from eating 
animals that have been treated with GonaCon™. 

 

Most of the observed increase in segment population has occurred in the largely non-migratory Hunt 
Area 78 / Grand Teton NP south segment. Increased harvest in this segment would help address a 
number of issues, in addition to assisting in reaching Phase I objective. Harvest is nearly as liberal as 
possible at this time; the greatest limitation is hunter opportunity in residentially-developed areas. Elk 
use in those areas is increasing, necessitating continued collaboration with homeowner associations to 
improve hunter access within residential developments. Many associations have covenants that exclude 
firearms, but archery may be an option where firearms are excluded. There is also a growing 
constituency for trophy bulls in these areas.  

 

A hunter management program for Hunt Area 78 would coordinate private land access through a hunt 
manager as liaison to private landowners. This program would be modeled after similar programs in 
Montana, as well as several in Wyoming (Meteetse, Laramie Peaks, etc.).    

 

Habitat Improvements. Habitat improvements discussed so far have focused on fire treatments on range 
adjacent to the NER to increase attractiveness of these areas to wintering elk. Opportunities exist for 
managed fire in certain areas, but opportunities for prescribed fire are limited. Fire treatments in lynx 
habitat would not be possible, therefore it would be necessary to determine if a conifer stand was 
suitable lynx habitat as based on tree cover. Conversely, areas within sage grouse core habitat (i.e., 
within a 4 mile radius of a lek) have a 5% disturbance cap that would similarly preclude fire treatment. 
Areas mapped as wildland urban interface (WUI) are available for treatment, but treatments need to be 
defined as a fuels reduction.  

 

There is potential to have fire management areas on the refuge, but the conflict with sage grouse on the 
northern portion of the NER, which is identified as sage grouse core habitat, would need to be 
addressed. The plan will therefore include prescribed fire even if it isn’t a primary tool. These changes 
would represent a small, ephemeral gain at best in changes to habitat that may result in more elk 
wintering outside of the NER. Wildland fire use (i.e., wildfire to meet resource objectives) is authorized 
forest-wide in the BTNF. Much of the BTNF adjacent to the NER is within the Gros Ventre Wilderness, 
which is managed to allow “natural processes of ecological change to operate freely. The number, size 
and intensity of fires [are managed to] approximate the natural fire regime” (USFS 2013). Benefits from 
wildland fire use on adjacent national forest lands are therefore opportunistic in nature. 
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Private lands mitigation—Easements and leases have been proposed as a means to minimize livestock 
and elk conflict related to brucellosis. Easements would incentivize steer operations by purchasing from 
willing sellers the right to have cow/calf pairs. Easements should also consider all winter feeding of 
livestock (e.g., horses), certain agricultural crops that are attractants to elk (e.g., irrigated hay), as well as 
hunting access. These easements would be purchased and enforced through agencies and local land 
trusts. Leases in the Spring Gulch area are not a suitable solution due to the current level of 
development; may be an option in Buffalo Valley assuming the weather allows animals to winter there. 
Leases/easements would need to include a statement that the individual would forfeit their right to 
make a depredation claim to WGFD.  

 

Non-traditional landuse mitigation would differ from that described above for traditional landuses. For 
example, the Jackson Hole Conservation Alliance is working with subdivision landowners to install 
landscaping that is less attractive, and more resistant, to elk and deer. Similarly, WGFD assesses 
subdivisions to identify issues for mitigation, and provides input to real estate developers and in county 
planning documents. Also, targeted hazing in subdivisions and golf courses is ongoing and will continue 
on an as-needed basis. 

 

Public education/outreach—Each partner agency will have the opportunity to become involved in the 
planning and execution of education and outreach (EO) efforts. Increased public EO efforts will be 
undertaken regardless of the strategy selected. These efforts will include increasing public awareness of, 
and tolerance for, natural levels of winter mortality in elk. This would be accomplished through local 
news releases and radio announcements, training for sleigh-ride contractors that includes information 
on winter mortality in unfed populations of elk, etc. Regular updates on the planning process and 
progress towards meeting objectives set out in the BEMP will also be provided to the public through 
NER media outlets. County Commissions will be included in public EO efforts to make sure they are 
aware, and supportive, of the agencies’ efforts.  

 

Landowner EO would differ between those engaged in more traditional agricultural landuse (i.e., 
ranching) and non-traditional landusers (i.e., residential developments, golf courses). The decision to 
change a livestock operation from cow/calf to steers (non-breeding) is a major decision.  It is not 
expected that ranchers would respond to an article in the paper, news story on the radio or even a 
letter.  This kind of effort will require primarily one-on-one interactions with an individual that has built 
relationships and trust within the community. This would require a private lands biologist to work with 
private landowners in the area. The position could be a shared position among agencies. Conversely, EO 
focused on homeowners in exurban developments will focus more on meetings with homeowners’ 
associations, residential developers, etc., to provide information regarding living with wildlife, wildlife 
management and conservation, etc. All agencies will need to collaborate in initial efforts to reach key 
landowners and homeowner associations to convey the objectives and primary issues involved in 
managing elk and bison in Jackson Hole, as well as to express the importance of their involvement in the 
process. WFGD is currently doing this in some areas, e.g., Hunt Area 78.  

Sportsmen EO would include meetings with local and regional sportsmen’s clubs and ideally articles in 
club magazines, Wyoming Outdoors, etc.  General newspaper articles could also help disseminate 
information. This could be largely accomplished with existing staff.  
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Agency EO is happening to some degree through AMP meetings.  It would be helpful to focus on two 
different groups; field staff and Regional Office managers.  Field staff are instrumental in achieving 
management actions on the ground, but also support changing public opinion in the local area through 
their personal interactions outside of work.  Regional office EO is essential in building the necessary 
support to obtain project resources and have support when controversies are elevated to their level.    

 

WGFD Commissioner EO will require personal contacts coordinated with WGFD.  Top priority will be the 
commissioner for this area and perhaps others.  This will include 1) tours of the NER and GTNP and 2) a 
briefing on alternative strategies resulting from the AMP. 

 

Monitoring—Draft once strategies are finalized. 

 

Enforcement—Draft once strategies are finalized. 

 

Contstraints 

Constraints that were identified for managing wintering elk population on the NER were diverse and 
included policy/regulatory, biological, social, and funding constraints, and combinations thereof (Table 
4). The most common constraints were policy related (33%), followed by social (28%), biological (22%), 
and funding (17%) constraints. Many of the identified constraints could be identified in multiple groups; 
we largely identified constraints as belonging to a single group to simplify classification.  

 

National Elk Refuge Strategy Narratives 

Management action strategies were divided into themes based on the focus of the grouped actions 
within a strategy. For example, the National Elk Refuge-Focused strategy targets winter elk distribution 
through management actions primarily taken on the refuge. The Southern Herd Segment Management 
strategy is a set of actions intended to reduce the number, and productivity, of the largely non-
migratory elk in Hunt Areas 75 and 78 while minimizing the risk of harvest to migratory segments of the 
JEH. The Late Season Harvest strategy would increase harvest more generally in the JEH through 
coordinated late season hunts, with key caveats outlined below. Several actions were identified as 
necessary to continue, or implement, regardless of the strategy selected. Those to be continued are the 
1) intra-seasonal management and coordination between the NER and WGFD Gros Ventre feedgrounds, 
2) fencing for private lands mitigation, and 3) “tag and drag” and guided hunts on the NER and GTNP. 
New actions to be implemented across all strategies include 1) a late-season refuge hunt, 2) Fire 
management on NER and adjacent public land, 3) increased public education and outreach, and 4) 
increased WGFD Commission education and outreach. 

   

National Elk Refuge-Focused Strategy 

The NER-focused strategy is based on altering distribution of elk using management actions centered 
primarily on the refuge. This strategy implements actions to make the refuge less attractive to wintering 
elk primarily through a less conservative winter feeding program and initiation of a late-season hunt. 
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This assumes that a proportion of elk that winter on the refuge can be conditioned to stay on adjacent 
winter range based on decreasing the incentive (later initiation of feeding) and increasing the 
disincentive (late season hunt) to moving onto the refuge. Incentivizing steer operations on private 
lands would be undertaken to address the increased proportion of elk that may winter on adjacent 
private lands. Similarly, education and outreach to private landowners is included in this effort to 
increase acceptance of elk wintering on private lands adjacent to the NER. Increased enforcement on 
the NER would also be necessary due to the addition of the late-season hunt.  

 

Southern Herd Segment Management Strategy 

The southern herd segments (Hunt Area 78 and GTNP South) are increasing absolutely and 
proportionally within the JEH. Conversely, migratory segments (i.e., elk that summer in Yellowstone NP 
and Gros Ventre Wilderness) of the JEH are stable to declining. The Southern Herd Segment 
Management Strategy focuses management actions at slowing, or reversing, the growth of the southern 
herd segments. Proposed actions include increasing harvest through the development of a hunter 
management program, a program that also helps address private lands mitigation. Targeted fertility 
control on private land summer range could also be explored by WGFD, but would need to go through 
the proper approval process (i.e., WGFD Commission). This action was considered and rejected in the 
BEMP. Increased outreach to sportsmen and agencies, and landowners, would be undertaken; the 
former is due to the potential for fertility control and the latter is for increasing awareness of 
landowners of the efforts to reduce the southern herd-segment. Increased harvest is localized by this 
strategy, minimizing the potential impact of increased harvest on the migratory segments. Increased 
enforcement on the NER would also be necessary due to the addition of the late-season hunt. 

 

Late Season Harvest Strategy 

The Late Season Harvest Strategy represents a broader, landscape scale approach to achieving the Phase 
I elk objective. A coordinated (i.e., NER, WGFD, GTNP, BTNF) late season hunt in Hunt Areas 75, 77–78, 
and 80 would occur. Approval would need to be obtained for extending, or moving, the current season 
in GTNP to allow later harvest. Lastly, the current December 1st closure to protect wintering ungulates in 
Hunt Area 80 on BTNF lands would need to be modified through an environmental review process to 
allow hunter access into that area. Currently the JEH could be reduced by approximately 1,000 animals 
before being below objective (11,000 ± 10%). A WGFD Commission approved reduction in the JEH could 
be investigated if the efforts of this strategy did not result in reaching the NER Phase I elk objective. An 
increase in enforcement would be necessary if this strategy was implemented.  

 

National Elk Refuge Strategy Consequences 

 

Considered but not included in the consequences table (covered in the EIS) – average annual 
private sector revenue; altered archeological resources; 

Commented [S28]: There are no empirical data to support that 
this segment may be declining. 

Commented [S29]: Again, this needs to be presented as a 
specific proposal, not just a discussion of what it includes as its 
written. 

Commented [S30]: Either it will or it won’t.  We should be 
specific. 

Commented [S31]: These should all be covered in the EIS or we 
are wading into areas that could require additional NEPA. 



 

 24  
 

Table 5. Predicted consequence table for the National Elk Refuge (NER) elk population on feed alternative management action strategies. This 
table is not currently cited in the text  

Objectivea/Decision 
Considerationb Evaluation criteria 

Reference 
Condition 

NER-focused 
Southern herd 

segment mngmnt 
Late season harvest 

Elk-fed daysa Years to reach objective     

Herd segment 
distributionb 

Proportion long-distance migrants     

Financialb 

Average annual additional costs to 
agencies ($000) 

    

Commercial landuse additional 
costs 

    

Socialb 

Sportsman/outfitter support     

Environmental group support     

Commercial landowner support     

Residential landowner support     

Safetyb Animal/vehicle collisions     

aThe identified objective from the BEMP Phase I for this table is 5000 elk on winter feed at the NER, which has been converted to elk-fed days 
(see Population of Interest above). 
bAdditional decision considerations and evaluation criteria were identified by the working group for comparison among strategies. 
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 Bison 

Alternative management actions for bison on the 
NER and adjacent areas included several 
developed for the NER wintering elk population 
objective in addition to those solely developed 
for bison (Table 6). Most of the actions identified 
were related to bison harvest in an effort to 
influence hunter access or success.  

 

Population management—Hunter harvest of 
bison since 2007 has led to an appreciable 
reduction in the population (Fig. 5). Further 
efforts to increase hunter harvest are intended to 
reduce the number of years necessary to reach 
the bison population objective. Most of the 
actions identified are related to increasing 
opportunity and success at the existing level of 

Table 6. Bison population strategy table for identifying alternative management action strategies.  

  

Reference 
Case 

Hunter 
Harvest 

Alternative 
Reduction 

Actions 
Population management 

   No change X 
  

Improve late-season access to north end 
of NER for hunting and carcass retrieval  

X X 

Parking lot origination management 
 

X X 
Alternative reduction actions1   X 

Hazing 
   

No change 
   

Haze bison found south and east of Flat 
and Nowlin creeks  

X X 

Service-accompanied hunters  X X 
Habitat improvements 

   
No change X 

  
Fire management on NER and adjacent 
public land  

X X 

Water source improvements    
Private lands mitigation    

NER south-boundary improvement    
Public education/outreach (EO) 

   
No change X 

  
Increase education and outreach 

 
X X 

Monitoring 
   

No change 
   

Enforcement 
   

No change 
   

Increase 
   

1Beyond the scope of this plan and may require NEPA review. 
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hunter numbers. The current number of hunters 
each year is believed to be a maximum number 
allowable while still providing a quality, and safe, 
hunting experience.   

 

Efforts to improve late-season access to the north 
end of the NER for hunting and carcass removal 
could facilitate increased harvest. Existing 
retrieval roads become impassable late in the 
hunting season due to snow, and can, for 
example, preclude hunters from using the West 
Parking Area or retrieving carcasses on the 
northern portion of the refuge. Keeping these 
roads open may be difficult in heavy snow years, 
requiring a bulldozer in some situations. 
Alternatively, over-the-snow vehicles could be 
considered for carcass retrieval on existing refuge 
roads. Hunter access easements across private 
lands on the northeast corner of the NER will be 
explored as another means of providing access to 
that portion of the refuge for hunting and carcass 
retrieval. 

 

Hunters must originate from a designated parking 
area for hunting bison on the NER. All but one 
designated parking area are within the NER. 
Access to the northwest portion of the NER is via 
a parking area within and managed by GTNP in 
collaboration with the NER. Accessing the refuge 
for hunting from BTNF lands along the eastern 
boundary of the NER was historically not allowed. 
The refuge will continue to manage hunter 
distribution using parking-lot origination in an 
effort to encourage bison to move onto, and 
remain, on the refuge. Hunters with a NER permit 
will also be allowed to access the refuge from 
adjacent BTNF lands.   

 

Continuous review of population management 
actions implemented for reaching the bison 
population objective will be undertaken during 
the life of this plan. If management actions 
outlined in this plan prove ineffective for 
reaching the objective, other actions that fall 
outside the scope of this plan may be considered, 

e.g., agency cull, herd-wide fertility control. Such 
actions may require evaluation as per the NEPA.  

 

Culling of bison is currently not used as a 
population management action. Including an 
agency bison cull as a potential population 
management action in this plan does not imply 
agency approval at this time and would only 
receive further consideration upon meeting 
several criteria. Consideration of an agency cull 
would include meeting National Environmental 
Policy Act (NEPA) requirements. WGFD policy 
prevents elk hunting past January 31st to 
minimize hunter exposure to Brucella abortus 
(the bacteria that causes brucellosis). This policy 
is specific to elk at this time, but the same 
concerns exist for late-season bison harvest. 
Between February 1st–15th WGFD personnel can 
harvest animals and the animals can be donated; 
animals killed after February 15th must be 
disposed of in a landfill.  

 

Herd-wide fertility control of bison was 
considered and rejected in the BEMP. A review of 
fertility control in wildlife, current at the time of 
approval of the BEMP, can be found in Appendix 
B of the final Environmental Impact Statement 
(EIS) (USFWS and USNPS 2007b). Need to gather 
more details on the current state of knowledge 
for this technique – would it be possible to have 
the WGFD vet draft a few sentences, with 
current citations, for this purpose? Seems like 
this would have to occur on the feedline to be 
efficient and effective, which would trigger 
NEPA. Bison primarily occur on federal lands, so 
proposed implementation of this action would 
necessitate following NEPA requirements.  

 

Hazing—Reduction, or elimination, of winter 
feeding will likely result in bison having a broader 
winter distribution in Jackson Hole. This could 
lead to more frequent use of the Nowlin unit by 
bison; the Nowlin unit is where commercial sleigh 
rides are conducted. Moreover, increased bison 
use of the southern portion of the NER beyond 
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the Nowlin unit increases the potential for bison 
to enter the town of Jackson. For public safety 
and to minimize conflict in the Nowlin unit, bison 
will be hazed north if found south of a boundary 
starting at the Twin Creek Subdivision, west along 
Elk Refuge Road to Nowlin Gate, north and west 
along Hunter Retrieval Road 22 (an 
administrative road), north along Hunter 
Retrieval Road 22 to the Refuge Barns, west along 
Nowlin Creek to the confluence of Flat Creek, and 
north along Flat Creek to the northern boundary 
of the Jackson National Fish Hatchery.  

 

Service-accompanied hunters in NER 
management units south of the bison hazing line 
defined above could be used to haze bison north 
of the hazing line.  

 

Habitat improvements—Fire management on 
NER and adjacent public land to increase 
attractiveness for bison would be the same as 
described above for elk (pg X). The objective, 
however, differs in that the purpose of attracting 
and holding bison on the refuge would be 
primarily to increase susceptibility of bison to 
harvest opportunities.  

Water sources on the east side of the NER would 
be modified to increase flow rates, improve bison 
access to water, encourage bison use and 
potentially increase early season 
harvest.  Existing springs known as waterhole 2 
and waterhole 3 currently have defunct bore hole 
pipes with limited water flows.  These would be 
repaired or replaced to ensure late summer 
water flow and encourage bison use at these 
locations. 

Private lands mitigation—Bison primarily occur 
on public lands (i.e., NER, GTNP, and Bridger-
Teton National Forest), and when they do occur 
on private lands WGFD has the authority to haze 
or lethally remove bison for safety or private 
lands damage concerns (WGFC regulations, 
chapter 56). There is the potential for increased 
private lands conflict if winter feeding is reduced 
or eliminated on NER. For example, bison may 

move further south when feeding does not occur, 
increasing the potential for bison in Jackson 
residential areas. To reduce the likelihood of 
bison moving from the Refuge into Jackson, a 
double cattle guard will be installed on Elk Refuge 
Road at the boundary with East Broadway and at 
the gate where the town accesses the municipal 
water wells.  

 

Public education/outreach—Public education and 
outreach for bison management will be 
integrated into EO provided for elk management 
(see pg. X). There are important differences 
between bison and elk biology and management 
that will be articulated. The bison population 
objective differs from the elk objective, with the 
former based primarily on maintaining genetic 
heterozygosity while minimizing conflict (USFWS 
and USNPS 2007a). Bison winter feeding is 
conducted primarily to eliminate conflict with elk 
on feedgrounds, which is fundamentally different 
than the objective for feeding elk to sustain the 
JEH through winter with minimal mortality. 
Winter feeding of bison precludes other conflicts 
that would occur if bison were more broadly 
distributed within Jackson Hole, e.g., bison in the 
town of Jackson and the associated public safety 
conflict. As winter feeding is reduced, or 
eliminated, efforts will be made to manage 
potential increased conflict, but public 
acceptance of increased conflict will be 
necessary. There are important biological 
differences between bison and elk that will be 
highlighted. For example, during 2007–2013 the 
JBH had greater than twice the ratio of calves to 
females in winter compared to elk of the JEH 
(0.47 [SD = 0.05] for bison and 0.22 [SD = 0.03] 
for elk; WGFD, unpubl. data). During the six-year 
period taken to complete the BEMP the bison 
population grew exponentially, increasing from 
627 animals in 2002 to 1059 in 2007 (Fig. 5; 
WGFD, unpubl. data). Management challenges 
can also differ between bison and elk. Bison 
female-calf groups spend much of the year in 
GTNP, where no harvest is permitted, and move 
to the Refuge as winter conditions reduce forage 
availability in GTNP. Female-calf groups largely do 
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not use BTNF lands adjacent to the NER or GTNP, 
which constrains population management using 
hunter harvest to a relatively limited area on the 
NER. This can lead to dense concentrations of 
animals and hunters on the NER, which can result 
in hunter conflict.  

 

Increased EO to state agencies, e.g. the 
Department of Agriculture and state veterinarian, 
will be included as part of this action. The range 
of bison will likely expand as feeding is 
reduced/eliminated, potentially leading to more 
conflict on private agricultural and developed 
lands. 

 

Monitoring— Draft once strategies are finalized. 

 

Enforcement— Draft once strategies are 
finalized. 

 

Constraints 

Constraints unique to bison management were 
largely related to disease transmission concerns 
and related policy (Table 7). For example, it is not 
currently possible to move bison out of the 
county, nor are bison currently allowed in the 
Gros Ventre near WGFD feedgrounds. Several 
identified alternative actions, fertility control and 
test and slaughter, were considered and rejected 
in the 2007 Environmental Impact Assessment 
(EIS) for the Bison and Elk Management Plan. The 
2007 EIS similarly limits tribal harvest of bison. 
Moreover, there is uncertainty if an effective 
bison fertility control exists, which is a 
technological constraint. What constraints from 
the NER wintering elk constraints table should 
be carried over to the bison constraints table? 
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[Note/reminder from initial fall meeting Nov. 
2012: “Three-pronged approach” 1) how to use 
hunters to reduce #s, 2) how to get more on 
native, 3) explicit metric for winter mortality that 
is acceptable.]  

 

[Include a paragraph or two that describes 1) how 
phases are related to each other, 2) when we will 
claim we’ve been successful in Phase I, 3) how 
Phase II will be implemented (i.e., stepwise or all 
at once after success with Phase I, 4) whether 
meeting bison and elk objectives simultaneously 
will be necessary to begin implementing Phase II.]  

 

[Disease management – current plan doesn’t 
address CWD explicitly except to state that NER 
will work within WGFD’s plan (should be out 
2015). Need to write justification for increased 
emphasis on managing CWD threat. This is in 
conflict with brucellosis objectives that state 
feeding will be used to minimize co-mingling. Use 
easements for the latter and to balance CWD 
management.]  

 

[Does the current distribution of collared animals 
represent animals on native range? The latter are 
under-represented in the sample. Assuming main 
influence on aspen is from elk on winter 
feedgrounds.] 

 

Table 7. Management constraints identified for the bison population objective. 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Cumbersome hunt regulations 
Hunter access (especially from north of the NER) 
Easement limitation (NER boundary) 
Current restriction on moving bison out of county 

Social constraints 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Vendor numbers (are there enough for bison removals?) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts (fire) 
Fencing/wildlife conflicts 
Grizzly bear conflicts (potential) 

Funding constraints 
Easements 
Fencing 
Fertility control 

Technological constraints 
Fertility control 
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[Need to provide justification for just including 
aspen – explain aspen as an umbrella for other 
habitats. Aspen regeneration more responsive to 
management actions; highly-preferred by elk. 

 

Bison impact on wet meadow; will we keep 
reducing elk due to bison? Need to consider 
monitoring bison. Can we go lower than 500 or is 
it firmly set? 

 

Changes that have occurred since completion of 
BEMP – Winter distribution of elk has changed, 
calf ratios have declined excluding short-distance 
migrant segment, wolf presence may have 
exacerbated this, bison numbers, fires in Gros 
Ventre, habitat management to hold elk in GTNP. 
All agencies agreed the plan was doable but the 
distributional shifts challenge that currently – 
S.Cain…graph of proportional distribution of elk 
on feedgrounds (has increased as animals on 
native range have declined). Write this up and 
share with the group for edits. 

 

Do we provide a set date of adjusting feeding 
criteria to build collaboration with publics who 
will be influenced by the change (public 
outreach)? The adaptive part is figuring out what 
number of elk the refuge can support, less so 
how to reduce numbers on winter feed. Will 
likely push off winter feeding regardless in an 
effort to maximize bison harvest (i.e., late 
January season). 

 

Include a summary of the actions in this plan that 
tier off of the BEMP vs. those that would trigger 
NEPA. This would include defining strategies 
succinctly and the threshold that would trigger 
NEPA. In this way we can move forward with 
actions that step down from the BEMP and have 
a trigger for initiating NEPA if, and only if, 
necessary. ]  

1) [Removed ‘Grand Teton NP harvest’ from 
the bison alternatives table because it 
was not in the BEMP and would therefore 

trigger NEPA and an act of Congress 
would be necessary (for a hunt, not a 
cull). A bison cull in GTNP would still 
trigger NEPA. Included agency cull (see 
below).  

2) Test and slaughter for bison was 
reviewed and rejected in the BEMP – 
many reasons to not do it.  

3) An agency bison cull would trigger NEPA 

4) Herd-wide fertility control in bison would 
similarly trigger NEPA 

5) Elk fertility control in GTNP south? This is 
currently an action in an elk strategy that 
would trigger NEPA, yet we haven’t 
excluded it from the main plan, simply 
stated it would need NEPA.] 

 

[Wolf management to facilitate elk winter use of 
native range.] 

 

[We need to make sure the co-mingling 
mitigation tools are articulated and 
implementable; this can be started as soon as 
possible so that when we start adjusting feeding 
to change elk distribution we are a bit ahead of 
the game. ] 

 

Models 

Limiting Factors – [DELETE THIS SECTION, OR 
EXPAND IN THE MODELING SECTION?] 

Limiting factors are demographic components 
that limit population growth of a species. 
Identifying limiting factors, perceived and 
documented, help us better define existing 
uncertainty regarding drivers of elk and bison 
population and potential management actions, 
and monitoring to link the two together. In the 
current situation where management aims to 
reduce or limit a population to a specified 
objective, our understanding of limiting factors 
can be capitalized on to regulate population. For 
example, elk population growth is highly sensitive 
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to adult female survival (Nelson and Peek 1982, 
Raithel et al. 2007), and therefore increased 
hunter harvest on adult females is a common 
approach to reduce elk populations. In this 
scenario, increased hunter harvest of adult 
females is the management action that could be 
employed to reduce a population to objective. 
This assumes population abundance is the issue 
to be addressed. Conversely, if population 
distribution is the primary issue to be addressed 
management actions to alter animal distribution 
would be employed.  

 

Winter distribution of elk and bison on and near 
the NER is influenced by winter feeding. The 
present feeding program is conservative in 
implementation of feeding to minimize elk 1) 
winter mortality of the most susceptible group, 
calves, and 2) comingling issues with cattle on 
adjacent private lands. Therefore, current feeding 
programs are minimizing a potential limiting 
factor – winter mortality. Moreover, winter 
feeding alters the distribution of elk and bison, 
which can result in localized concentrations of 
animals above stated objectives.   

 

 

 

Figure __. 
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[If the fundamental objective is to minimize the 
number of animals on feed we need to 
conceptualize the relationship between elk 
density and winter feeding. To do this I thought it 
would be easiest to define the proportion of Kcal 
in elk diets from feed as a function of elk density 
while accounting for standing forage. I created a 
figure to represent this; no feeding occurs at low 
densities of elk (<1 animal per 300 lbs available 
forage), then asymptotically approaches all Kcals 
coming from feed as density increases. We can 
change the threshold of when feeding starts as 
necessary. 

While this simple model helps us think through 
winter feeding and elk numbers, it ignores elk 
survival as a function of available forage. I don’t 

think we can ignore that, especially calf survival? 
It seems to me that what we are trying to do is 1) 
encourage elk to distribute themselves more 
broadly by being less conservative with winter 
feeding (i.e., change the shape of the figure 
above) and conducting late-season hunts, while 
2) staying within an acceptable range of winter 
mortality, especially calf mortality. I’ve been 
thinking about this in this manner since Tim’s 
comments on winter survival at the last meeting. 
I understand that we’re working toward 
achieving desired conditions, but I imagine we’ll 
quickly lose public support if they see a pile of 
dead calves. And I don’t think they’ll view sparing 
aspen from elk browse is worth that. ] 

[We could use existing information to estimate 

 

Figure__.   Hypothetical relationship between calf survival and available forage. 
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the two relationships represented in the figures, 
which would provide us with a set of models to 
predict winter calf mortality as a function of 
available forage, and then see where we can get 
with less conservative winter feeding. This would 
allow us to articulate to the public that we’re 
trying to not go above some level of calf mortality 
while reducing the number of elk on the refuge 
by being less conservative with feeding. If we 
can’t successfully reduce the number of elk on 
feed without going beyond the calf mortality rate 
deemed acceptable then we’ll know we need to 
1) get support for possibly allowing higher calf 
mortality, 2) use some other identified action to 
distribute elk during winter, or 3) reduce the 
overall objective/number of elk.   

 

We could concurrently monitor aspen condition 
so that as we alter distribution of animals on the 
refuge we learn how that influences the 
likelihood of aspen growing through the browse 
zone. This would allow us to relatively seamlessly 
transition into phase 2 of the plan.  At that point 
the question becomes ‘can aspen reached 
desired condition when we maximize the number 
of elk on standing forage at the current 
population level (density). ] 

 

Adaptive management uses models of the 
managed system to link the objective response 
(e.g., desired habitat condition) to changes in the 
system resulting from management actions (e.g., 
altered elk distribution).  

 

We need to have a spatially-explicit model (set of 
models) that links desired conditions to elk and 
bison abundance and distribution. If we divide 
the refuge into 16 ha (40 acre) blocks we can 
then build a model to predict desired condition in 
that block during a period of time in response to 
elk and bison use. The latter is similar to EFD and 
BFD in needing to combine abundance and time 
animals are in a block. From a management 
perspective this is most influenced by feeding 

and harvest. Desired habitat condition is a 
function of animal use 

 

𝐷𝐷𝐷𝐷𝑡𝑡(𝑖𝑖) = 𝑓𝑓(𝑈𝑈𝑡𝑡(𝑖𝑖)), 

   

where 𝐷𝐷𝐷𝐷𝑡𝑡(𝑖𝑖) is the desired condition in block i 
during time t and 𝑈𝑈𝑡𝑡(𝑖𝑖) is the combined use of 
block i during time t by elk and bison. Takes a 
special case of circumstances to have 
escapement occur. [(this can be separated so 
each species has its own term and they are 
additive – not sure how that would look, but 
seems easily doable).] Use is the product of 
animal abundance in block i in time t, 𝑛𝑛𝑡𝑡(𝑖𝑖), and 
days present, 𝑑𝑑𝑡𝑡(𝑖𝑖)  [(may be more realistic to 
have larger time frame, e.g. weeks, that is 
realistic from a monitoring perspective)], such 
that  

 

𝑈𝑈𝑡𝑡(𝑖𝑖) = 𝑛𝑛𝑡𝑡(𝑖𝑖)𝑑𝑑𝑡𝑡(𝑖𝑖). 

 

Animal abundance, n, in turn, is a function of the 
proportion of animals (𝑝𝑝𝑡𝑡(𝑖𝑖)) present in block i at 
time t 

 

 

𝑛𝑛𝑡𝑡(𝑖𝑖) = 𝑝𝑝𝑡𝑡(𝑖𝑖)𝑁𝑁𝑡𝑡, 

 

where 𝑁𝑁𝑡𝑡 is the total population during time t. 
Lastly, 𝑝𝑝𝑡𝑡(𝑖𝑖) can be described as a function of 
hunting, winter feeding, and other block 
attributes [(this latter group should be included 
at a general level and is something we need to 
discuss; most of our interest lies in the response 
of animals to hunting and feeding). ] 

 

We assumed a negative linear effect of winter 
feeding on animal use of a block, i.e., use 
increases linearly with decreasing distance from a 
feedground. The influence of hunting on animal 
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use in a block was assumed to have a pseudo-
threshold functional form. This accounts for the 
discrete boundaries between open- and closed-
hunt units such that the effect of hunting on 
animal use declines rapidly with distance from 
open-hunt units and approaches an asymptote. 
What are the attributes of each cell that predict 
use – distance to feed grounds, hunt 
management, aspect, slope, distance to road, 
fencing. [This is a significant component we need 
to figure out. I can try to provide some examples 
to help with the conversation. The other big 
component to work through is what exactly DC is 
– I’m still partial to working this this using aspen 

as an example. ‘Heavy lifting is defining DC and 
quantifying it’ (Kerry). We may find that to be 
about as much as can be handled with current 
resources. If that is true, we’ll have to think 
through how we can justify just one (or maybe 2-
3) of the desired conditions for monitoring. If 
cottonwoods are less preferred than aspen we 
can probably easily get away from intense 
monitoring of cottonwoods by assuming they are 
likely doing well if aspen are. Different story for 
willows, but maybe it will take fence to get 
willows back at nearly any level of elk/bison at 
this point. ]  

 
********************************************************************************** 

Some of Jeff’s older draft material in section above 
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APPENDIX I 
 

 

Vision:  
 
 
  
 
Goals: 
 
 
Obj.  
Categories 
 
 
 
Objectives 

 
 

 
 
  

 

 

 

 

  

 

Figure 1.A1. Schematic representation of Bison and Elk Management Plan vision, goals, objective categories, objectives, measureable attributes and performance criteria. Bolded boxes and arrows represent the objective 
outlining the phased approach to population management by adaptively managing elk and bison populations for desired conditions. Stippled boxes represent measureable attributes and performance criteria for desired 
conditions defined in the National Elk Refuge Comprehensive Conservation Plan. Grayed-out boxes represent objectives, measurable attributes, and performance criteria wholly (e.g., public education) or largely (e.g., 
invasive species management) independent of desired conditions related to elk and bison population objectives, and therefore not considered in this plan. 

Habitat Conservation Disease Management Sustainable Populations Numbers of Elk and Bison 

Land 
Protection 

Grazing 
Habitat 

Habitat 
Problems 

ID 
lands 

Sprinkler 
Irrigation 

Flood 
Irrigation 

Invasive 
Species 

Sage and 
Grass 

Cultivated 
Areas 

Willow Aspen Cottonwood Wet 
Meadow 

Structured 
Framework
  

Phased 
AM 

GTNP Elk 
Sex Ratios 

Bison 
Popn 

Public 
Education 

WGFD 
Herd Objs. 

JEH Bison Livestock 
Trans. 

Elk & Bison 
Trans. 

Human 
Risk Ed. 

Acres lbs. per 
Acre 

lbs. per 
Acre 

Acres 
Restored 

 Acres Class 
Acres 

Stem 
Den. 

Class 
Acres 

Stem 
Den. 

Class 
Acres 

 Criteria/ 
Actions 

Desired 
Cond. 

 Sex ratio Popn #  Popn # Popn #    

Measureable Attributes 

5000 lbs/ac 
400 ac 

2500 lbs/ac 
700 ac 

2500 lbs/ac 
500 ac 

≤ Weed 
Threshold 

 ≤ 2400 
Acres 

≥800 
stems/ac 

>80 in 

800 ac 
Class I/II 

1000 ac 
Class I/II 

≥0.17 
stems/m 

>80 in 

 

Performance Criteria 

5000 Elk 
500 Bison; 

Desired  
Habitat 

Conditions  

35 Bulls: 
100 Cows 

500  11000    

‘Manage bison and elk in a manner that contributes to the state’s herd objectives 
yet allows for the biotic integrity and environmental health of the resources to be 

sustained (BEMP Desired Conditions). 
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Jeff’s material perhaps better suited for appendices: 
 
Uncertainty regarding how to reach objectives for elk and bison populations, desired habitat conditions, 
and disease management in Jackson Hole remains after many years of study and debate. Determining an 
effective set of management actions to meet multiple and potentially conflicting objectives is needed. In 
single-model AM projects the learning results in better estimates of the effects included in the model, 
i.e., there is less uncertainty about how the system will respond to management actions. In multiple-
model AM project learning occurs through the competition of models in the model set. Each model 
provides a representation of a competing idea (hypothesis) about how the system works. The model 
that best predicts system response to management provides support that the hypothesis it represents is 
a better description of the system than the other hypotheses, reducing uncertainty about the system 
being managed.    
 
Uncertainty abounds in wildlife conservation and management.  For example, how survival and 
distribution of bison and elk will respond to different management actions is only modestly predictable. 
Similarly, what number of elk and bison the area can support based on desired conditions is largely 
unknown, and likely varies in response to environmental variation (e.g., weather, habitat 
heterogeneity). These types of uncertainty are often referred to as process error, i.e., imperfect 
knowledge of the biological system being managed. A second type of uncertainty is related to our 
inability to conduct a complete census of a population, i.e., partial observability (Williams 1997). This is 
sampling variation associated with wildlife monitoring, also commonly referred to as observation error 
(Hilborn and Mangel 1997). Process and observational error create uncertainty that limits a manager’s 
ability to make informed management decisions.  
 
The Bison and Elk AM plan will embrace existing uncertainty regarding drivers of bison and elk wintering 
abundance and distribution, and survival, in the Jackson Hole area and on the National Elk Refuge (NER), 
provide further understanding of important limiting factors, and help guide management actions toward 
those that will have the most direct benefit to achieving stated goals and objectives. 
 
Jeff’s material not used 
 
Desired conditions on the NER relate to six criteria to be considered as triggers for management actions 
for ‘progressively transitioning from intensive supplemental winter feeding to greater reliance on free-
standing forage’. These considerations are: 1) Level of forage production and availability on the National 
Elk Refuge, 2) Desired herd size and ratios, 3) Effective mitigation of bison-elk-cattle mingling on private 
lands, 4) Winter distribution patterns of elk and bison, 5) Prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) Public support. For example, forage production desired 
conditions are articulated in the Habitat Conservation objective of the BEMP; the current trigger for 
starting supplemental winter feeding is based on available forage (see below). Desired herd sizes and 
ratios are similarly defined in the BEMP (e.g. Phase 1 NER wintering elk objective of 5000, see above), 
however a significant component of the adaptive management plan is determining the number of 
wintering elk the NER can support while achieving the other desired conditions. 
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Accomplishing the objectives identified within the BEMP using management actions available to the 
NER, WGFD, GTNP, and Bridger-Teton National Forest (BTNF) is the intent of this plan. The working 
group created a problem statement to articulate the connection among the decision framework, 
objectives, actions, and predicted outcomes:   

 
 
 
The Phase I objective of 5000 elk appears to have originated from Hobbs et al. (2003). This report, based 
on three simulation exercises, concluded that “in average SWE [snow-water equivalent] winters with 
average pre-winter precipitation and 500 bison, roughly 16,000 elk can find forage on the Greater Teton 
Ecosystem without incurring forage deficits and roughly 5,000 elk can find forage on the NER without 
incurring deficits.” Hobbs et al. (2003) do not explicitly define winter in the report, but appendix B of the 
report describes the ‘entire winter’ as ‘roughly November 1st to July 1st’. Presumably the numbers given 
in the report represent the number present throughout the winter period, although this is not explicitly 
stated. It is important to note that elk use stored energy reserves during winter, so incurring a forage 
deficit does not imply an immediate threat (Hobbs 1989, Cook 2002).  
 
The number of elk on winter feed on the NER and bison in the Jackson Bison Herd (JBH) currently 
exceeds the Phase 1 objective from the existing BEMP (Fig. 1) (USFWS and USNPS 2007a). The JEH, 
which includes elk wintering on the NER, is within WGFD objective, while the JBH population is above 
objective. Therefore the primary issues for reaching Phase 1 population objectives are related to 1) 
distribution of elk during winter, and 2) abundance of bison.  

 
A succinct precise definition of the populations of interest is essential for developing models of system 
dynamics and appropriate monitoring, and determining if objectives are being met. Bison and elk 
populations of interest differ slightly in definition as stated in the BEMP objectives. The bison objective 
is for the post-hunt population within the Jackson Hole area (the Jackson Bison Herd [JBH]), inclusive of 
the NER. Conversely, the elk population objective for the NER is specific to the number of animals on 
feed at the refuge, and is a sub-objective within the broader Jackson Elk Herd (JEH) (Fig. 2) post-hunt 
objective set by the Wyoming Game and Fish Commission (a governor-appointed policy-making board). 
Elk herd unit boundaries are determined by the WGFD and represent population boundaries where 
there is an estimated annual interchange with surrounding herds of <10% (Emmerich et al. 2007).  
Approximately 65% of the JEH winters on the NER based on February classification counts (see below for 
definition of classification counts; USFWS & WGFD unpubl. data). The Jackson bison herd primarily 
winters on the NER (~90%), but range much further during the rest of the year (USFWS & WGFD unpubl. 
data). Geographic range of bison, figure, etc. It would be best to include a single figure that delineates 
the JEH and bison population. Eric has the shapefiles to update the figure. 
 

Determining if the BEMP population objectives are being met requires periodic estimates of the 
populations of interest. There are two components to the population objectives that need to be 
considered — where animals are and when they are there.  The BEMP bison population objective is the 
same for the JBH as it is for the NER, i.e., there is not a sub-objective specific to the Refuge as there is for 
elk. Moreover, the bison population objective is less temporally specific than that for elk, the former 
being an annual post-hunt population objective and the latter being defined based on the number of 
animals on feed. This aspect of the elk objective increases the difficulty in estimating the population of 
interest due to movements of animals into and out of feedgrounds during winter feeding. More 
importantly, the amount of time elk are on feed varies among years.   
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While not explicitly stated, the BEMP was written with an assumption that annual classification counts 
were to be used as the metric to determine if population objectives were being met, i.e., as a proxy for 
the number of elk on feed at the NER. Classification counts are a coordinated census of the JBH and JEH, 
collaboratively undertaken during early February by WGFD and the NER and GTNP. These counts are 
undertaken during a single survey period and do not necessarily represent either peak or cumulative 
abundance (i.e., the greatest number of animals present on a single day during a winter, or the sum 
total of animals present throughout a winter, respectively) of bison or elk on feed. Elk and bison are 
enumerated by age and sex classes, providing population class structure information as well as overall 
abundance. Elk classes recorded during the classification count are calf, cow (includes yearlings), spike 
bull, and mature bull; bison classes are calf, yearling cow, yearling bull, adult cow, adult bull. A 5-10% 
difference typically exists between the classification count estimate and the daily number of elk on feed 
during peak abundance. Peak elk abundance on the NER during 2007–2013 occurred late February 
through the first week of March (USFWS unpublish. feedline data) (Fig. 3). Proposed changes to a less 
conservative feeding program that would result in a later initiation of winter feeding (see Development 
of Alternative Management Actions and Strategies below) could increase the difference between when 
the classification count is conducted and peak numbers of elk on feed. A less conservative feeding 
program could also result in initiation of feeding on the NER after the classification count has been 
completed in some years. Lastly, the classification count may be replaced in the near future by survey 
(i.e., not a census) methodology used elsewhere in the state by WGFD for estimating elk abundance. The 
new survey methodology may not provide suitable NER-specific estimates of elk abundance for 
determining if Refuge population objectives are being met.  

 

Beyond logistical or methodological considerations, a single elk population estimate in time would not 
adequately capture the dynamic nature of elk abundance in relation to winter feeding on the NER. For 
example, 5000 elk on winter feed (the current BEMP Phase 1 objective) for three months would likely 
have a greater impact on NER habitats than 5000 elk on feed for a single month. The BEMP Phase 1 elk 
population objective is not defined by time, leaving it open for interpretation whether the objective was 
intended as a mean number of animals fed during a winter, a maximum number fed, or a cumulative 
number fed. To address this issue while staying within the implied intent of the BEMP, we chose elk-fed 
days (EFD; the cumulative number of elk fed during a feeding season) as the metric for determining if 
the elk population objective is being met. This number combines both the spatial and temporal aspect of 
animals on the NER, providing better accounting of potential effects than a single classification count. It 
is also believed that this is more consistent with winter carrying-capacity projections estimated in Hobbs 
et al. (2003). The Phase I objective of 5000 elk on feed is defined relative to elk-fed days as  

 

𝐸𝐸𝐸𝐸𝐷𝐷 = 𝑑𝑑 ∗ 5000 elk, 

 

where d is the mean number of days of feeding from 1995–2007 (64 days [SD = 22]). This time span was 
selected to maintain consistency with the data used in developing the BEMP. The benchmark historical 
value is then 320,000 EFD. Bison-fed days (BFD) can similarly be calculated as 31,500 BFD for bison using 
d = 63 days (SD = 22) and the bison population objective of 500 animals. This latter value provides an 
important historical perspective on winter feeding of bison and can assist in determining efficacy of 
management actions toward accomplishing the bison objective; post-hunt bison abundance will be the 
definitive number used for determining if the bison population objective is being met.   
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Alternative management actions were identified during a meeting of stakeholders at the NER 22 May 
2013. Alternative actions, and constraints, were developed for the NER winter elk population and the 
JBH. A series of further meetings (25 July, 20 August, 12 September, 23 October, and 13 November 
2013, and 22 January, 24 February, and 7 April 2014) were held to create management strategies, i.e., 
collections of actions that form complete and comparable alternatives (Gregory et al. 2012).  

Population Objectives. Big game population objectives in Wyoming are established by the WGFD and 
their commission, and evaluated and updated at least every five years. Objectives represent the 
preferred number of animals during winter within a herd unit (e.g., the Jackson Elk Herd) and are 
determined based upon multiple factors, including 1) available habitat to support the defined 
population, 2) hunting access, and 3) tolerance for wildlife on private lands by landowners (Tassell et al. 
1995). Public input on proposed population objectives is obtained during public hearings held by WGFD. 
After public input the hearings the proposed population objectives are presentedsent to the Wyoming 
Game and Fish Commission for review and approval. The NER, GTNP, and Bridger-Teton National Forest 
(BTNF) have regularly participated in WGFD big game population objective reviews of population 
objectives for both and revision processes in the past for both the JEH and JBH. These federal agencies 
will continue to participate in objective setting for the JEH and JBH populations. 

Forage biomass (metric tons) is correlated with the amount of precipitation (mm) during May–August 
(𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖𝑝𝑝 = 50.31, R2 = 0.91; 1995 and 1998–2006, NER unpubl. data), and secondarily affected by the 
number of irrigated acres.  Refuge-wide herbaceous forage production averaged 14,387 (SD = 4125) 
tons during 1998–2013, and in recent years irrigation of approximately 3,600 acres has increased forage 
production by approximately 10% compared to what would have been produced with precipitation 
alone.  

Excluding years in which feeding did not occur, mean initiation and termination dates for winter feeding 
during 1976–2013 at the Gros Ventre feedgrounds occurred during the second week of January and first 
week of April, respectively (Table 1). This resulted in approximately 3 months of feeding each year. 

 

Attempts at post-hunting/pre-feeding hazing of elk to the north part of the refuge occurred (e.g., 2005–
2006), but were largely ineffective with elk generally returning the following day to the south end of the 
NER.  

Table 1. Winter feeding mean initiation and 
termination dates and total days for the Gros 
Ventre feedgrounds managed by Wyoming 
Game and Fish Department. Standard 
deviations are provided parenthetically. 

Feedground Initiation Date 

Alkali 10 January (18.8) 
Fish Creek 9 January (12.3) 

Patrol Cabin 11 January (13.5) 
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Winter Elk Numbers and Distribution. The outcome of the reference case described above for elk 
abundance and distribution during winter in the JEH is shown in table 2. Population objectives for the 
two feedground complexes are provided, as are annual elk abundances as measured during the 
classification count. The data presented in table 2 demonstrate the potential for reaching the Phase 1 
NER winter elk population objective of 5,000 while remaining within the JEH objective of 11,000 (±10%). 

 

Bison Herd Growth. Bison numbers grew exponentially from the 1970s until recently, peaking at 1059 
animals in 2007 (Fig. 5). Recent declines in the number of bison are largely attributable to increased 
hunter harvest on the NER.  
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies a large area in the 
upper Snake River watershed north of the town 
of Jackson (Fig. 1).  Much of the herd is migratory, 
moving between distinct wintering and summer 
ranges.  Primary wintering areas include the 
Buffalo Valley, lower elevations of the Gros 
Ventre River drainage, the National Elk Refuge 
(NER), and areas adjacent to the NER on Bridger-
Teton National Forest (BTNF) lands.  Summering 
areas occur throughout the herd’s range and for 
convenience are divided into four geographic 
regions that include Grand Teton National Park 
(GTNP), Yellowstone National Park (YNP), the 
Gros Ventre drainage, and Teton Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 
“tusk hunters” and large-scale commercial 

hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
and federal officials in Jackson Hole, to begin 
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feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 
reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 

Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
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An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 

Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 
Preserve, Inc., and the Wyoming Game and Fishe 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 

to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and the bison are now fed 
more than a maintenance ration to reduce 
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 
 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
_).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt administered by WGFD.  This plan was 

halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig _).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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bison and elk management focused on four broad 
goals: 1) sustaining native habitat; 2) promoting 
sustainable populations; 3) maintaining 
population sizes; and 4) preventing spread of 
disease.  The primary management scenarios 
presented in the alternatives included the status 
quo, terminating elk and bison hunting on the 
NER and elk hunting in GTNP, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk Adaptive 
Management Plan was developed to address the 
latter need specifically (Fig. 4).  It does not 
address other on-going bison and elk 
management actions already prescribed by the 
BEMP. 
 
As of March 2015, two court rulings have upheld 
the 2007 BEMP and ROD. In a lawsuits against the  
BEMP and its author agencies, Defenders of 
Wildlife et al. v. the U.S. Department of Interior 
and State of Wyoming (defendant intervenors; 
citation), plaintiffs argued that the BEMP violated 
the National Wildlife Refuge System 
Improvement Act (citation) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 

agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling.   
 
 [any additional BEMP background needed in 
Intro?] 
 
National Environmental Protection Act 
Compliance 
 

The 1970 National Environmental Protection Act 
(NEPA; 42 U.S.C. 4321 et seq.) established 
national environmental policy and goals for the 
protection, maintenance, and enhancement of 
the environment on and provides a process for 
implementing these goals within the federal 
agencies.   Section 102 requires federal agencies 
to incorporate environmental considerations in 
their planning and decision-making through a 
systematic interdisciplinary approach. 
Specifically, all federal agencies are to prepare 
statements assessing the environmental impact 
of and alternatives to federal actions affecting 
the environment. Statements typically occur at 
three levels of analysis: categorical exclusion 
determination; preparation of an environmental 
assessment/finding of no significant impact 
(EA/FONSI); and, for major federal actions, 
preparation of an environmental impact 
statement (EIS).  

 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
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preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   

 
Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 

results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 
objectives, 2) clearly articulated management 
actions and strategies, 3) a model, or competing 
models, describing the dynamics of the system 
being managed, and 4) a monitoring program to 
quantify system response to management and 
allow estimation of the difference between the 
observed and predicted (from the model or 
models) system response (Walters 1986).   
 

 
OBJECTIVES 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 
goals, 20 associated objectives were addressed 
(Table 1).  This adaptive management plan 
addresses four objectives under the goal of 
sustainable populations (Fig. 6). 
 
In Phase 1 of the second objective, the aim is to 
reduce the average number of elk on feed to 
5,000 (while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP-adopted objective of 500. In 
Phase 2, the overall objective is to reduce the 
reliance of bison and elk on supplemental feed 
(reference BEMP ROD here).  Desired conditions 
include animals relying predominantly on native 
habitat and cultivated forage. Important 
consideration criteria for implementing Phase 2 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
private lands during high risk disease 
transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 

plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 

 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 

1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 

Table 1.  2007 Bison/Elk Management Plan Goals 
and Objectives (Adaptive Management Plan 
objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives: 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 

• Phase reduction of animals on feed: 1) to 
5,000 elk and 500 bison, and 2) elk and 
bison rely predominantly on native habitat. 

• Maintain natural bull-to-cow ratios in park 
summer herd. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 11,000. 
• Maintain a genetically viable bison 

population of about 500 animals. 
Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk from 
elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

• Educate hunters about wildlife disease 
human health hazards. 
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powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The adaptive 
management approach will necessarily be one of 
trial and error, constant evaluation, modifications 
to approach when indicated, and repeated trials 
(Fig 4).  As such the approach will also be 
experimental, but it will be guided by rigorous 
analysis and design, based on abundant empirical 

information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,000 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 
to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000.  Unfortunately, however, its winter 
distribution has changed fundamentally, favoring 
an increasing trend of even higher proportions of 
the herd on NER feed during winter (Fig. 6). [add 

additional information from Doug – request 
made no response as of 4-26-15] 
 
The factors responsible for this change are 
unknown but are likely a combination of weather 
conditions, elk behavior and shifts in elk 
distribution, possibly influenced by the presence 
of wolves in some historic native winter ranges.  
Regardless of the reason, this trend is the reverse 
of what is desired and will make achieving the 
Phase I objective of 5,000 elk on feed, and future 
reductions, more difficult.  
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013, and in recent years irrigation of 
approximately 3,600 acres has increased forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone. 
 
[and other changes to include here?] 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.   
 
Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs per acre at key index sites 
and is considered conservative in terms of elk 
nutritional needs. Available winter forage for elk 
and bison on the NER is largely determined by 
biomass of forage produced during the previous 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 
lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 

areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56) hunters harvested 161 (SD = 38) elk per 
year during the NER hunt. 

  
The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 7).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February classification 
counts, 2011–2013, relative to the current objective. [update through 2015] 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range1 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 
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NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5) 
bison per year.  This level of harvest has been 
sufficient to arrest the exponential growth of the 
population, reducing bison numbers from the 
peak in 2007 to about 700 animals in winter 2015 
(Fig 3). Tribal bison harvest of up to 5 animals for 
ceremonial purposes was authorized in the 
BEMP.  Translocation of wild bison to lands 
outside of Teton County is not currently 
permitted due to brucellosis concerns.  

Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 

the use of emergency season extensions or 
reductions. For example, an emergency extension 
of the season (up to 31 January) could occur if 
mild winter conditions precluded desired harvest 
earlier in the season, while an emergency closure 
may be necessary if winter conditions required 
feeding to commence before the predetermined 
season end date.  
 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER rear around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 
and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease within several days to weeks of the 
bison season in an effort to increase hunter 
harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 
implementation, followed by what remains to be 
accomplished] 
 

 
  Figure 7.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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[Eric, anything you want to include in this section 
for NER?  Think in terms of providing background 
(current management) for anything you want to 
include in the budget for future actions 
(management strategies), so when it comes time 
to ask our agencies for funds it will be covered] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 
  
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 

sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
includes ground counts of animals on feed at the 
NER and aerial counts of outlying bison across 
their winter ranges on the refuge, park, and 
Bridger-Teton National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity.  For example, if 
5,000 were elk fed for 100 days during the 
winter, feeding intensity for that winter would 
equal 5,000 elk X 100 days = 50,000 EFD, whereas 
if 5,000 elk were fed for 50 days, EFD would equal 
25,000. 
 
We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 
bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Elk-fed-days will be determined each winter by… 
[Eric add methodology here] 
 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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Several management constraints are common to 
the strategies discussed below (Table 4).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 

requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements.  
Similarly, compliance with the Wyoming greater 
sage-grouse core area protection executive order 
(2011-5) could restrict habitat manipulations.  
NEPA compliance conducted as part of the 
BEMP/EIS constrains what federal actions can be 
taken as a part of this plan.  State regulations 
constrain late (winter) hunt and carcass disposal 
timing to protect against brucellosis 
contamination, since February-April represent 
the period bison and elk are most likely to 
transmit the disease.  Restrictions on hunting 
timing also result from BTNF winter range 
closures, immediately east of the NER and 
elsewhere, December 1 to April 30.  Additional 
details about these and other constraints will be 
included in discussions about specific strategies 
that follow. 
 
Strategies 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, and 2) 
[to an extent where] elk and bison rely predominantly 
on native habitat (Table 1). 
 
Winter Feeding 
 
Harvest 
 
Private Lands Mitigation 
 
Vegetation Restoration/Protection 
 
[include summary tables where desirable] 
 
Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
Harvest 
 
Objective Enhance public outreach/education 
(Table 1). 
  

Table 4. Summary of Adaptive Management 
Plan constraints.  
Policy 
ESA1 Lynx – limits on habitat impacts 
Greater Sage Grouse – core area protection 
2007 BEMP/EIS (federal actions/lands) 

• No fertility control 
• No test and slaughter 
• Limited tribal harvest 

Bison/elk hunt end date (Feb. 1st)  
• WGFD, brucellosis safety 

Carcass disposal (Feb. 15th) 
• WGFD, brucellosis safety 

Forest Service winter closure (Dec. 1st – April 30th) 

Easement limitation (NER boundary) 
Winter Feeding 
Only during non-hunting periods 
Harvest 
State regulations 
Vegetation Restoration/Protection 
Bison/elk distribution 
Exotic species management 
Private Lands  
Owner agreements 
Social 
Hunter density 

Elk/bison winter mortality levels 

Public safety (ungulate/vehicle collisions) 

Disease  

Land-use conflicts (agricultural and residential) 

Biological 

Disease (bison/elk/cattle commingling) 

Sage grouse habitat conflicts 

Fencing/wildlife conflicts 
Elk herd distribution 

• summer segment distribution goals 

Funding 
Easement purchase 
Plan implementation 
1Endangered Species Act 
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Table 5.  Comparison of current and adaptive primary management components and parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring: [incomplete]    
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold  <= 10%  
  Elk/bison distribution - visual    
  Elk/bison distribution –  
  collars 

   

  Winter mortality    
  Elk summer range 
  proportions 

   

    
Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 
   Structure  - 1 week initial drawing 

- 1 week left over 1st 
served 
- partial week alternate 

- 1 week initial drawing 
- 1 week left over 1st 
served 
- partial week alternate 
- daily 1st served 
alternates 

 

1Number elk and bison on feed per day, totaled by feeding season. 
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Table 5, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
 
   License types 

Antlerless only Antlerless only1  

   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 
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Table 5, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   Landscape damage    
   Easement acquisition    
[could be further organized 
geographically or by 
ranch/property] 

   

    
Vegetation Restoration/ 
Protection: Elk Refuge 

   

[to be completed]    
Vegetation Restoration/ 
Protection: Grand Teton 

   

[to be completed]    
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Figure 8.  [example] Framework for delayed feeding trials and adaptive management. 

 

Figure 9. [example] Framework for harvest strategy and adaptive management. 
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MODELS OF SYSTEM DYNAMICS 

 

MONITORING 

 

EVALUATION/FUTURE MANAGEMENT 

 

PUBLIC OUTREACH AND EDUCATION  

 

SCHEDULE 

 

Table 10. [example] Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 
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BUDGET 

 

 

Table 11.  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment distribution1      
     Expanded standing forage estimates1      
     Winter bison/elk distribution      
Irrigation      
Bison barrier at NER south entrance      
Adaptive Management Plan annual reporting      
Private lands:      
     Easements / Acquisition      
     Damage reimbursements (Wyoming)      
     Conflict mitigation coordination (Wyoming)      
Vegetation restoration/protection1      

Subtotal      
Grand Teton National Park:      
Monitoring:      
     Summer elk classification/distribution      
     Hunter harvest      
     Harvest age distribution      
     Transition range forage production/utilization      
Vegetation Restoration/Protection      
     Temporary bison fencing      
     Hayfields restoration [perhaps acres/year]      
     Exotic plant mitigation      
     monitoring      
Elk Reduction Program      

Subtotal      
Wyoming Game and Fish Department:2      
Private lands:       
     elk harvest coordination      
     Easements / Acquisition      
     Damage reimbursements      
     Conflict mitigation coordination      

Subtotal      
Grand Total      

1 See detail in Appendix      
2  Through Interagency Agreement      
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INTRODUCTION 
 
Winter feeding of elk in Jackson Hole began in 1910 and was originally initiated to reduce 
winter mortality of elk and minimize depredation of ranchers’ hay. Today, the need for winter 
feeding of elk on the National Elk Refuge (NER) is a direct result of reduced access to significant 
parts of elk native winter range, loss of historic migration patterns, behavioral conditioning of 
elk to winter feeding, and the desire to maintain a population objective established in the 
context of supplemental feeding. Litigation in 1998 prompted cessation of bison hunting on 
NER due to insufficient environmental analysis.  As a result, a six year planning effort was 
undertaken to address a suite of issues associated with inter-agency bison and elk management 
in the Jackson Hole area, culminating in 2007 with the Bison and Elk Management Plan (BEMP; 
USFWS 2007a, http://www.fws.gov/bisonandelkplan).    
 
The BEMP considered six alternatives for bison and elk management focused on four broad 
goals: 1) sustaining native habitat; 2) promoting sustainable populations; 3) maintaining 
population sizes; and 4) preventing spread of disease.  The selected alternative proposed to 1) 
maintain the Jackson Elk Herd (JEH) at the Wyoming Game and Fish Department’s (WGFD) 
objective of 11,000 (± 10%), 2) establish a bison population objective of 500, 3) restore habitat 
on the NER and in Grand Teton National Park (NP), 4) continue hunting of bison and elk on the 
NER, 5) continue the elk reduction program in Grand Teton NP, 6) continue to vaccinate elk for 
brucellosis, and 7) develop an adaptive management plan for decreasing the need for 
supplemental feeding on the NER. The latter need, as articulated in the Sustainable Populations 
goal of the BEMP, provides the nexus for this Adaptive Management (AM) plan.   
 
The Sustainable Populations BEMP goal is to ‘contribute to elk and bison populations that are 
healthy and…at reduced risk from the adverse effect of non-endemic diseases’. The goal 
comprises four objectives, including the development of an AM plan to reduce reliance of elk 
and bison to winter feeding on the NER following a two-phased approach (Fig. 1). The first 
phase sets initial population objectives of 5,000 elk on winter feed at the NER and 500 bison in 
the Jackson Bison Herd (JBH). The second phase calls for elk populations that are adaptively 
managed to ‘achieve desired conditions, with animals relying predominantly on native habitat 
and cultivated forage’ (BEMP; USFWS 2007a).  
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Figure 1. Relationship of Adaptive Management Plan to the Bison and Elk Management Plan 
(USFWS 2007a) goals, objectives, phases, and consideration criteria for reducing the reliance of 
elk and bison to supplemental feed. 
 
The first phase objective of 5,000 elk was based on predictions of the Forage Accounting Model 
of Hobbs et al. (2003). Simulations indicated that ‘in average SWE [snow-water equivalent] 
winters with average pre-winter precipitation and 500 bison, roughly 16,000 elk can find forage 
on the Greater Teton Ecosystem without incurring forage deficits and roughly 5,000 elk can find 
forage on the NER without incurring deficits.’ The combined probability of experiencing average 
pre-winter precipitation and average winter SWE in the Jackson Hole area is XX%, based on 
[what time series of climate data from what station] (need to use Hobbs’ data sources for 
this). Therefore, based on Forage Accounting Model predictions, 5,000 elk could winter without 
supplemental feed on the NER without incurring a forage deficit during X of 10 years on 
average. To achieve the objective of wintering elk relying ‘predominantly on native habitat and 
cultivated forage’, e.g., feeding occurring less than five of 10 winters, elk would incur a forage 
deficit X of 10 years on average. It is important to note that elk use stored energy reserves 
during winter, so incurring a forage deficit does not imply an immediate threat (Hobbs 1989, 
Cook 2002). 
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The second phase desired conditions on the NER relate to six considerations (i.e., criteria) as 
management action triggers for ‘progressively transitioning from intensive supplemental winter 
feeding to greater reliance on free-standing forage’ (BEMP; USFWS 2007a). These criteria are: 
1) Level of forage production and availability on the National Elk Refuge, 2) Desired herd sizes 
and ratios, 3) Effective mitigation of bison-elk-cattle mingling (hereafter ‘comingling’) on private 
lands, 4) Winter distribution patterns of elk and bison, 5) Prevalence of brucellosis, chronic 
wasting disease, and other wildlife diseases, and 6) Public support. Explicit values that can be 
used as management triggers were defined in the BEMP for several, but not all, of the criteria. 
Forage production on irrigated areas of the NER, desired herd sizes and ratios, and winter 
distribution of elk and bison each have numerical objectives that can be used to trigger 
management actions based on assessment of those criteria. Conversely, co-mingling mitigation, 
disease mitigation, and public support lack numerical objectives that would facilitate creating 
triggers for management. 
 
Two of the four criteria with explicit numerical objectives defined in the BEMP are currently 
being met. The NER is meeting or exceeding forage production objectives, and the JEH is within 
population objective. Current harvest rates have been successful in incrementally reducing the 
Jackson Bison Herd, making achievement of that objective likely given current management 
strategies. However, winter distribution of the JEH is not at objective, and distributional trends 
have resulted in being farther from the objective now than at the completion of the BEMP. A 
greater proportion of the JEH currently winter on the NER than when the BEMP planning 
process began in 2000.  
 
Elk winter distribution 
Winter distribution is inseparable from either bison-elk-cattle mingling or disease prevalence 
criteria, with feeding ameliorating the former and exacerbating the latter. Winter feeding 
minimizes co-mingling issues by concentrating elk and bison on publicly managed feedgrounds, 
minimizing the number of elk and bison on private lands adjacent to the NER. Conversely, 
concentrating elk on feedgrounds results in higher rates of endemic disease transmission 
(Murie 1951, Franson and Smith 1988, Samuel et al. 1991, Herriges et al. 1992, Smith and Roffe 
1997), greater potential for amplification of prevalence of non-endemic diseases (e.g., chronic 
wasting disease [CWD]; Williams et al. 2002, Miller et al. 2004, Monello et al. 2014), and creates 
relatively unique disease issues for wild ungulates such as hoof rot (USFWS unpubl. data).  
 
Management actions intended to distribute wintering bison and elk to meet BEMP objectives 
may initially result in an increase in private lands conflicts. Bison-elk-cattle mingling will 
increase as bison and elk disperse from the NER looking for alternative forage resources. 
Similarly, dispersing bison and elk may end up in residential areas or on/near public roadways.  
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Effective mitigation of co-mingling will take a suite of tools (e.g., private lands easements, 
fencing, hazing) to be employed throughout the life of this plan. WGFD currently monitors 
wildlife damage claim reports for the Jackson Region; this information provides an important 
baseline and metric for quantifying potential increases in private lands conflicts moving 
forward. 
 
The efficacy of reducing disease threat by achieving elk winter distribution objectives is disease-
specific and varies due to the scale and time dependence of elk density on the NER versus 
native winter range.  Assuming 7,500 wintering elk on the NER, estimated elk density is 77 elk 
per km2 for the entire refuge,  370 elk per km2 for the 5,000 acre supplemental feeding area, 
and 4,630 elk per km2 for the 400 acre area on which elk are fed within any given day (USFWS, 
unpubl. data). For comparison, cow elk had a 0.08 (95% BCI=0.05, 0.12) annual incidence of 
CWD at an estimated 15-110 elk km-2 on native winter range in Rocky Mountain NP.  We 
anticipate lower average elk densities in the JEH associated with AM plan implementation 
resulting from decreased elk use of feedgrounds and increased use of native winter range, but 
predicting the magnitude of disease transmission and prevalence reduction resulting from this 
change in elk distribution is difficult and disease-specific.   
 
Supplemental feeding is a primary driver of the proportion of the JEH that winter on the NER. 
However, other factors such as weather, forage availability, predators, hunting, and migratory 
behavior also influence this metric (Fig. 2). At the completion of the BEMP it was believed that 
achieving the JEH population objective would be the primary means to reaching the phase 1 
objective of 5,000 elk wintering on the NER. However, the proportion of the JEH that winter on 
the NER has increased, not decreased, since completion of the BEMP and achievement of the 
JEH population objective. The increase in the proportion of the JEH wintering on the NER also 
occurred concurrent with a relatively constant initiation criterion for winter feeding and high 
harvest pressure on the NER. It is therefore likely that factors other than winter feeding and 
harvest to the recent increase in the proportion of JEH elk wintering on the NER. 
 

Commented [WJ5]: Set a threshold value of conflict complaint 
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Figure 2. Influence diagram depicting factors (including management actions) influencing 
outcomes identified in the Bison and Elk Management Plan (BEMP; USFWS 2007a). Gray 
hexagons represent outcomes, rectangles represent management actions, rounded rectangles 
represent factors with numerical objectives, and ovals represent factors outside of 
management control. Bolded polygons and arrows represent outcomes and factors limited to 
the National Elk Refuge (NER). Available standing forage on the NER (dashed rectangle) is the 
BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
 
Several hypotheses have been posited for the observed increase in the proportion of the JEH 
currently wintering on the NER, including increased wolf presence on native range and an 
increasing segment of short-distance migratory elk in the JEH. Elk wintering on native range 
may have been displaced as the wolf population reintroduced into Yellowstone NP increased in 
abundance and their range expanded. Most native winter range of the JEH is north of the NER 
and south of Yellowstone NP. As predation pressure increased on more northerly winter range, 
elk moving to areas of lower predation risk likely moved south and encountered feeding 
operations at the NER. If wolves are deterred by frequent presence of agency personnel 
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conducting feeding operations, feedgrounds may continue to attract elk due to lower predation 
risk than native range (citations; check Creel and Winnie 2005).  
 
The JEH comprises both short-distance and long-distance migratory elk segments. Short-
distance migratory (SDM) elk summer within 8–10 km west and northwest of the NER, winter 
predominantly on the NER, and migrate relatively late to winter range relative to long-distance 
migratory (LDM) elk (Cole et al. 2015). From 1978 to 2012 the proportion of the JEH comprising 
SDM elk increased from ≈1% to 41%, with the increase correlated with greater calf:cow ratios in 
SDM elk segments than LDM elk segments (Cole et al. 2015). The proportion of SDM elk in the 
JEH has simultaneously increased with the increasing proportion of the JEH that winter on the 
NER, leading to the hypothesis that the recent increase in the proportion of the JEH on the NER 
during winter is largely attributable to growth of the SDM elk segment. 
 
The relationship between the observed increase in proportional winter use of the NER by 
wintering JEH elk and harvest pressure is less clear. “In recent years, hunting seasons have been 
designed to protect long-distance migratory (LDM) elk while increasing harvest of SDM elk. 
Since 2012, no limited quota any-elk licenses have been offered in the hunt areas that focused 
hunting pressure on LDM.  Hunter numbers since 2012 (2012–2014) averaged 2,985 hunters.  
Although hunting seasons and quotas have become more conservative for the areas where 
LDM are more vulnerable, the hunt units for the SDM have been liberalized through the 
addition of license types and extending season lengths to the end of January (Hunt Area 78)” 
(Cole et al 2015).  Despite these efforts to modify harvest pressure, the proportion of the JEH 
wintering in NER has increased significantly since 2000.  
 
Elk calf winter survival and forage deficits 
Elk calves are disproportionately susceptible to winter mortality compared to older elk age 
classes (citations), although factors that influence calf survival are not unique to this age class 
(Fig. 3).  Calves have lower body fat reserves than adults at winter onset, which makes them 
more susceptible to limited forage supplies and starvation-related mortality.  Lower surface 
area to volume ratio associated with smaller body size also facilitates heat loss and necessitates 
greater energy expenditures to maintain body temperature relative to adults.  Inexperience can 
make elk calves more susceptible to predation by wolves and mountain lions.  Weakened 
condition associated with nutritional stress can also increase susceptibility to predation, 
infectious diseases and parasitism (citations).   
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Figure 3. Influence diagram depicting factors (including management actions) influencing bison 
and elk fed days on the National Elk Refuge (see text for description) and winter calf elk 
survival. Gray hexagons represent outcomes, rectangles represent management actions, 
rounded rectangles represent factors with numerical objectives, and ovals represent factors 
outside of management control. Bolded polygons and arrows represent outcomes and factors 
limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed 
rectangle) is the BEMP criteria with a defined threshold to trigger initiation of supplemental 
winter feeding. 
 
Winter survival of calf elk is higher in feedground areas than on native winter range (Smith and 
Anderson 1998, Hobbs et al. 2003). The public has become accustomed to higher winter calf 
survival on the NER, and respond negatively during winters when survival is noticeably reduced 
(E. Cole, pers. comm.). While not explicitly defined as a desirable outcome in the BEMP, the 
Over-Winter Mortality Model of Hobbs et al. (2003) made predictions regarding elk mortality as 
a function of forage deficits.  For example, the model predicted 4% calf mortality during an 
average winter with JEH population of 6,000 and 42% calf mortality during a severe winter with 
18,000 elk in the JEH. Conversely, adult cow mortality ranged from 1% to 25% in the same 
scenarios. Making adjustments to the criterion used to initiation winter feeding will therefore 
likely disproportionately affect calf survival, making it an important demographic rate to 
monitor to help minimize unacceptable declines in elk calf winter survival while progressively 
transitioning bison and elk from intensive supplemental feeding. Moreover, it provides a means 
of validating models from Hobbs et al. (2003), which was integral in development of the BEMP.  
 
Adaptive Management Plan Approach  
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The AM approach considers management as an ecological experiment, incorporating learning 
as part of management to reduce existing uncertainties regarding how the system responds to 
management actions (Macnab 1983, Walters 1986, Nichols and Williams 2006). Conflicting 
ideas of system dynamics can be formalized as competing models and tested through 
implementation of management actions designed as hypothesis tests (citation from AHM). 
Conversely, if a system is relatively well understood, the AM process may include a single model 
with management experiments intended to increase understanding of known primary system 
drivers. For example, winter feeding is believed to be a primary determinant of elk distribution 
in the Jackson Hole area, but considerable uncertainty exists regarding how elk behavior, and 
resultantly winter distribution, will respond to changes to winter feeding on the NER.  
 
This AM plan acknowledges conditions identified within the BEMP relevant to this plan that are 
already being met, i.e., forage production on the NER and JEH population, and does not address 
them further. Similarly, current bison harvest management is likely to achieve the bison 
population objective in the near future, and therefore is also not considered further.  The focus 
of this AM plan is altering the winter distribution of elk to minimize disease threat currently 
associated with winter feeding. This will result in progressively transitioning elk and bison from 
winter feed on the NER to being predominantly reliant on free-standing forage (USFWS 2007a). 
Considerable uncertainty exists regarding the timing of that transition, with conflicting 
objectives of minimizing bison-elk-cattle mingling on private lands, minimizing publicly 
unacceptable elk winter mortality events, and achieving winter distribution objectives to 
minimize threat of non-endemic diseases. 
 
AM Plan Scale  
 
Elk have been fed all but nine winters on the NER since 1912, and bison have been fed there 
since 1980.  As a result, elk and bison have been conditioned to seek supplemental food on the 
NER, even when natural forage may be available. Considerable uncertainty exists regarding how 
to modify this behavior on both temporal and spatial scales. Elk demonstrate high fidelity to 
winter range (Smith and Robbins 1994) and are relatively long-lived (Houston 1982). For 
example, based on current estimates of annual JEH cow elk survival, nearly 40% of individuals 
alive in a given winter would be alive five years later (Cole et al. 2015). This results in 
generational time scales necessary for implementation of management actions and monitoring 
of response to those actions. To account for the expected lag in behavioral response to changes 
in winter feeding it is believed that those changes need to occur during 3–6 year treatment 
blocks (i.e., conduct 3–6 years of winter feeding with the same initiation criteria). More 
immediate progress toward ‘progressively transitioning from intensive supplemental winter 
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feeding to greater reliance on free-standing forage’ will be quantified based on the number of 
elk-fed and bison-fed days (EFD and BFD; see description below).   

It is assumed individuals that have learned to rely on supplemental feed will be relatively 
tolerant of proposed changes to winter feeding. If this assumption is correct, changes to winter 
feeding will incrementally reduce the proportion of individuals in the JEH wintering on the NER 
by two primary mechanisms. First, an unknown proportion of adults will disperse from the NER 
in response to changes to winter feeding. This scenario provides the greatest potential for 
conflict as animals move off of the NER onto adjacent private lands in search of forage. Second, 
the proportion of individuals that learn to rely on winter feeding will be reduced. For example, 
shorter feed seasons will decrease the probability that calves will encounter, and learn to 
expect, winter feed on the NER. Over time this will lead to a greater percentage of elk utilizing 
native winter range instead of NER feedgrounds.  

This plan is implementing the Winter Distribution management strategy, which includes 
primary management actions that will occur both on and near the NER (e.g., NER winter 
feeding changes and private lands co-mingling mitigation). The spatial focus of individual 
actions will therefore vary from the NER, Grand Teton NP, Bridger-Teton National Forest (NF), 
and on non-federal lands in collaboration with land owners and WGFD.  
 
Management Actions 
 
Alternative management actions were identified during meetings held at the NER in 2013 and 
2014 with NER, Grand Teton NP, WGFD, and Bridger-Teton NF representatives. Actions were 
grouped into management strategies, i.e., collections of actions that form complete and 
comparable alternatives (Gregory et al. 2012). A summary of management actions and 
strategies is provided in Appendix I. 
 
A diverse suite of potential management actions were considered and three primary strategies 
were created (Appendix I). The Winter Distribution strategy was selected for implementation 
within an AM framework because it was most consistent with the intent of the BEMP and the 
emphasis on winter feeding as a driver of winter elk distribution. This includes 1) alteration to 
the winter feeding initiation criteria, 2) continuation of late-season elk and bison hunts on NER, 
3) increased private lands work to mitigate co-mingling, and 4) increased public outreach. 
 
Winter feeding criteria— 
Current feeding initiation criteria are based on monitoring available forage at key index sites. 
When average available forage declines below 300 lbs. per acre at key index sites, biologists 
have recommended to NER and WGFD managers that feeding should be initiated.  Key index 
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sites are not randomly selected, but instead represent areas with the highest quality forage, 
which are heavily used by elk.  Future monitoring will include key index sites to facilitate 
comparison with past data collection, but will add additional spatially-balanced random sites 
stratified by plant community type to sample available forage in an unbiased manner.   The 
feeding initiation threshold will be changed from 300 lbs. per acre to 150 lbs. per acre.  We 
estimate that this will result in an average delay of X days in supplemental feeding initiation 
date at current NER elk and bison population levels.  
 
Current feeding termination criteria are subjective.  Typically the last day of supplemental 
feeding occurs within one week of the first day that snow pack reaches zero at the NER 
Headquarters snow monitoring site.  Monitoring will be enhanced to better quantify feeding 
cessation date including the use of photo points to quantify percent snow versus bare ground 
on NER and southern GTNP, but average feeding cessation date will remain unchanged in the 
implementation of the AM plan. 
 
Late-season elk and bison hunts— 
Brief paragraph on current late season hunt management and any changes that may occur. I 
thought there wasn’t much more that could be done on this front, so above stated there 
wouldn’t be meaningful changes – if that is not the case need to correct that.   
 
Private lands co-mingling mitigation— 
Brief paragraph on proposed efforts to mitigate co-mingling – may be some text below useful 
for this. We need to make sure the co-mingling mitigation tools are articulated and 
implementable; this can be started as soon as possible so that when we start adjusting feeding 
to change elk distribution we are a bit ahead of the game.  
  
 
Public outreach— 
Brief paragraph on proposed PO efforts – may be some text below useful for this. Should also 
include the public conflict monitoring as our means to track this (same for private lands 
mitigation?). 
 
OBJECTIVES 
 
This adaptive management plan is a step down plan of the Bison and Elk Management Plan 
(USFWS 2007a), utilizing National Environmental Protection Act (NEPA) approved objectives 
from the BEMP. BEMP objectives relevant to this plan are:  
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“By year one, develop a structured framework, in collaboration with the Wyoming Game 
and Fish Department, of adaptive management criteria and actions for transitioning 
from intensive supplemental winter feeding of bison and elk herds to greater reliance on 
natural forage on the refuge. Establish objective criteria for when supplemental feeding 
will begin and end in years when needed on the refuge.” 
 
“Implement a phased approach to reducing the number of animals on feed while 
achieving the state’s population objectives. The first phase objective will be to reduce the 
number of elk on feed on the National Elk Refuge to approximately 5,000 and achieve a 
target population of approximately 500 bison. The second phase objective will be to 
adaptively manage bison and elk populations to achieve desired conditions, with animals 
relying predominantly on available native habitat (on refuge, park, and forest lands) and 
cultivated forage (on the refuge).”  

 
The adaptive management process provides a framework for learning from management 
outcomes, i.e., learning is an objective of implementing adaptive management (DOI AM 
citation?). Therefore, the AM plan has additional objectives for increasing understanding of the 
relationship 1) between the timing of winter feeding initiation and elk winter distribution, and 
2) calf winter survival and per capita available forage at initiation of winter feeding. The latter 
provides an indirect validation of the Hobbs et al. (2003) models and simulations that provided 
initial estimates of the number of elk the NER could support during winter without incurring 
forage deficits.   
 
MODELS OF SYSTEM DYNAMICS 
 
Population of Interest 
A succinct and precise definition of the populations of interest is essential for developing 
models of system dynamics and appropriate monitoring, and determining if objectives are 
being met. Bison and elk populations of interest differ slightly in definition as stated in the 
BEMP objectives. The bison objective is for the post-hunt population within the Jackson Hole 
area (the Jackson Bison Herd [JBH]), inclusive of the NER. Conversely, the elk population 
objective for the NER is specific to the number of animals on feed at the refuge, and is a sub-
objective within the broader Jackson Elk Herd (JEH) (Fig. 4) post-hunt objective set by the 
Wyoming Game and Fish Commission (a governor-appointed policy-making board). Elk herd 
unit boundaries are determined by the WGFD and represent population boundaries where 
there is an estimated annual interchange with surrounding herds of <10% (Emmerich et al. 
2007).  Approximately 65% of the JEH winters on the NER based on February classification 
counts (see below for definition of classification counts; USFWS & WGFD unpubl. data). The 
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Jackson bison herd primarily winters on the NER (~90%), but range much further during the rest 
of the year (USFWS & WGFD unpubl. data) (Fig. 4).  
 
Determining if the BEMP population objectives are being met requires periodic estimates of the 
populations of interest. There are two components to the population objectives that need to be 
considered — where animals are and when they are there.  The BEMP bison population 
objective is the same for the JBH as it is for the NER, i.e., there is not a sub-objective specific to 
the NER as there is for elk. Moreover, the bison population objective is less temporally specific 
than that for elk, the former being an annual post-hunt population objective and the latter 
being defined based on the number of animals on feed. This aspect of the elk objective 
increases the difficulty in estimating the population of interest due to movements of animals 
into and out of feedgrounds during winter feeding. More importantly, the amount of time elk 
are on feed varies among years.   
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Figure 4. Jackson Elk Herd unit boundary, including the National Elk Refuge and Grand Teton 
and Yellowstone National Parks. INCLUDE BISON RANGE IN THIS FIGURE. 
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While not explicitly stated, the BEMP assumes annual classification counts would be used to 
determine if population objectives were being met, i.e., as a proxy for the number of elk on 
feed at the NER. Classification counts are a coordinated census of the JBH and JEH, 
collaboratively undertaken during early February by WGFD and the NER. These counts are 
undertaken during a single survey period and do not necessarily represent either peak or 
cumulative abundance (i.e., the greatest number of animals present on a single day during a 
winter, or the sum total of animals present throughout a winter, respectively) of bison or elk on 
feed. Elk and bison are enumerated by age and sex classes, providing population class structure 
information as well as overall abundance. A 5-10% difference typically exists between the 
classification count estimate and the daily number of elk on feed during peak abundance. Peak 
elk abundance on the NER during 2007–2013 occurred late February through the first week of 
March (USFWS unpublish. data) (Fig. 5). Proposed changes to winter feeding that would result 
in a later initiation of feeding could increase the difference between when the classification 
count is conducted and peak numbers of elk on feed. Proposed changes could also result in 
initiation of feeding on the NER after the classification count has been completed in some 
years. Lastly, the classification count may be replaced in the near future by survey (i.e., not a 
census) methodology used elsewhere in the state by WGFD for estimating elk abundance. The 
new survey methodology may not provide suitable NER-specific estimates of elk abundance for 
determining if NER population objectives are being met.  
 
Beyond logistical or methodological considerations, a single elk population estimate in time 
would not adequately capture the dynamic nature of elk abundance in relation to winter 
feeding on the NER. For example, 5000 elk on winter feed (the current BEMP Phase 1 objective) 
for three months would likely have a greater impact on NER habitats than 5000 elk on feed for 
a single month. The BEMP Phase 1 elk population objective is not defined by time, leaving it 
open for interpretation whether the objective was intended as a mean number of animals fed 
during a winter, a maximum number fed, or a cumulative number fed. To address this issue 
while staying within the implied intent of the BEMP, we chose elk-fed days (EFD; the cumulative 
number of elk fed during a feeding season) for determining if the elk population objective is 
being met. This number combines both the spatial and temporal aspect of animals on the NER, 
providing better accounting of potential effects than a single classification count. It is also 
believed that this is more consistent with winter carrying-capacity projections estimated in 
Hobbs et al. (2003). The Phase I objective of 5000 elk on feed is defined relative to elk-fed days 
as  
 

𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑑𝑑 ∗ 5000 elk, 
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where d is the mean number of days of feeding from 1995–2007 (64 days [SD = 22]). This time 
span was selected to maintain consistency with the data used in developing the BEMP. The 
benchmark historical value is then 320,000 EFD. Bison-fed days (BFD) can similarly be calculated 
as 31,500 BFD for bison using d = 63 days (SD = 22) and the bison population objective of 500 
animals. This latter value provides an important historical perspective on winter feeding of 
bison and can assist in determining efficacy of management actions toward accomplishing the 
bison objective; post-hunt bison abundance will be the definitive number used for determining 
if the bison population objective is being met.   

 
Figure 5. Mean daily elk abundance on the National Elk Refuge during winter feeding, 2007–
2013. Data are from feedline counts for calendar dates where feeding occurred during all 
years, i.e., February 12th (calendar date 43) through March 21st (calendar date 80). Counts 
were conducted from feeding equipment.   
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Models 
Models provide a simplified representation of the biological system being managed.  
Adaptive management uses models of the managed system to link the objective response (e.g., 
elk winter distribution) to changes in the system resulting from management actions (e.g., 
altered initiation of winter feeding).  
 
Paragraph on sources of error if needed? Should include process error in calf survival model. 
 
Elk winter distribution model 
The proportion of the JEH that winter on the NER will be linked to factors hypothesized to 
influence elk winter distribution (Fig. 2) using a generalized linear mixed effects model (GLMM). 
A GLMM can account for a proportional response variable (i.e., constrained to the interval 0–1) 
using a log link and binomially-distributed errors. A GLMM also includes fixed and random 
effects, with the latter capturing residual model variance otherwise not explained by fixed 
effects. Year will be including as a random effect, providing several benefits. First, we don’t 
assume years are independent and comprise all of the factor levels of interest. Instead, the 
effect of year is treated as a random variable, with individual year effects realizations of that 
distribution. This allows inference to non-sampled factor levels, i.e. years, by estimating a latent 
population-level proportion of elk expected to winter on the NER regardless of fixed effect 
influences. Thus, the random year effect can be considered a latent variable describing elk 
behavior manifested as observed winter distribution. Second, because year effects are not 
treated as independent, estimated effects of year on the proportion of JEH elk wintering on the 
NER are dependent on all factor levels, leading to greater precision when estimating individual 
year effects (Kéry 2010).  
 
The full GLMM incorporating fixed effects for each factor identified as influencing elk winter 
distribution (Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐸𝐸𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝐸𝐸𝑆𝑆𝑡𝑡 + 𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝐸𝐸𝑡𝑡 + 𝜀𝜀𝑡𝑡 
 
where the random intercept and residual model variance are 
 

𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0
2 ), and 

 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
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Fixed effects include 1) per capita available forage at initiation of winter feeding (AFI) , 2) 
proportion of the JEH that are short-distance migrants (SDM), 3) number of wolf packs present 
on JEH native winter range (WP), 4) growing season (May–August) precipitation for the 
Wyoming Snake Drainage climate division (GSP; a proxy for available forage on native winter 
range), and 5) snow water equivalent on 1 January at Thumb Divide (SWE; a proxy for early 
winter severity).  
 
Elk calf winter survival and forage deficits 
The Forage Accounting Model of Hobbs et al. (2003) has as an output weekly available forage 
biomass for the NER (sum of predictions for 30 × 30 m cells). These predictions account for 
snow conditions using a proxy of SWE and decrement total available biomass by 35% to account 
for unpalatable plants within the total estimate.  
 
While calf survival is a function of multiple factors (Fig. 3), the primary management action 
influencing calf survival is supplemental winter feeding. Current winter feeding initiation 
criteria lead to calf survival generally higher than in unfed populations. Proposed feeding 
initiation criteria will result in later initiation of supplemental feed, which will be most 
influential to calf survival. There is currently little understanding regarding the relationship 
between initiation of winter feeding and calf survival, except that current feeding initiation 
criteria result in high calf survival. We believe a threshold level of available forage at initiation 
of winter feeding exists such that winter calf survival reaches an asymptote. Below this 
threshold, calf survival is hypothesized to decline quickly with reductions in available forage at 
winter feeding initiation. Available forage at the initiation of winter feeding will be related to on 
elk calf winter survival using a saturating function (i.e., Holling type-II functional response; Fig. 
6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐸𝐸𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐸𝐸𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf survival is related to available forage. Maximum 
calf survival is a, and b represents the value of available forage to an individual when survival is 
50% of a (Hilborn and Mangel 1997).  

Commented [WJ18]: Will need a more formal explanation of 
these variables and how they will be collected. May fit best in the 
monitoring section. 

Commented [WJ19]: If we use Hobbs’ model for predicting 
available forage these may be redundant. 

Commented [WJ20]: Put in winter feeding initiation paragraph 
above? Then note where more samples are necessary to improve 
the precision of the estimates. Need to run this model from 2007 
forward to see where, on average, feeding was initiated so we can 
make treatment adjustments as necessary. This would also allow us 
to look at the relationship between key index sites estimates and 
Hobbs’ predictions. Need to consider validating Hobbs’ model with 
field sampling Eric is currently designing to see if we can use the 
Hobbs model moving forward. This would take some time with 
stripping the Hobbs model down to our needs, identifying data 
sources, and developing a workflow process so weekly estimates of 
available forage can be calculated. Would only be able to use snow 
data from SNOTEL sites that have data available online, which 
shouldn’t be too much of a problem.  
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Figure 6. Hypothesized relationship between winter survival of elk calves and per capita 
available forage at initiation of winter feeding on the National Elk Refuge.  
 
Although this approach doesn’t capture forage deficits per se, it does provide a potentially 
sensitive proxy for this concept. It is assumed that a forage deficit for calves would occur at a 
point on the curve of the relationship between calf survival and available forage at initiation of 
supplemental feeding. Modeling the response of winter calf elk survival to changes in feeding 
initiation criteria facilitates our ability to maximize the influence of feeding initiation criteria on 
winter distribution while minimizing the likelihood of a large mortality event.   
 
MONITORING 
 
Feeding Initiation Monitoring:   Using existing ocular estimate methods with 10 sub samples 
per monitoring sites to determine average available forage (lbs. per acre).  Additional observers 
will be added to train people other than Eric Cole on methods and develop error estimates. 
Additional monitoring sites will be added to increase sample size, increase precision of 
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estimated available forage, and represent the entire south end of NER stratified by plant 
community type.  Sampling will be weekly starting in late December and continuing until 
feeding is initiated (or perhaps for some time after feeding is initiated).  The Hobbs forage 
accounting model will be run concurrent with field data collection, and field data will be used 
for model validation.  Developing a relationship between field measurements and Hobbs model 
methods might lead to reliance on modeling techniques rather than field data collection to 
estimate available forage in future years. 
 
Proportion of Elk Wintering on NER: NER and WGFD annual elk classification count trend data 
will typically collected in February each year will continue to be the way that we measure the 
proportion of elk wintering on NER relative to the rest of the JEH. 
 
EFD and BFD: I assume derived from daily feedground estimates for each species cumulatively 
added across the number of days fed.  Alternatively average of daily animals on feed multiplied 
by the total number of days.  Alternatively classification count data for NER multiplied by total 
number of days fed.   Precision of daily elk and bison estimates could be improved by using 
multiple observers several times per year or possibly conducting classification count like counts 
multiple times per year where only totals were obtained.  
 
Elk Winter Mortality Monitoring: Current census of all elk winter mortalities on NER will 
continue (comparable data collection back to 1981).  Calf mortality is key variable of interest, 
but total, calf, adult cow, mature bull, and spike bull age class mortality will continue to be 
monitored as well.  Potential criticism is that if we anticipate movement of elk off NER as a 
result of changes to the feed program but only monitor elk mortality on NER, then we are not 
accounting for the effects of management actions on elk mortality.  Costs are minmal and 
associated with in kind NER staff levels unless sampling were to be expanded off NER in which 
case costs would increase. 
 
Elk Collaring: 30-40 adult cow elk will be collared on NER feedgrounds during February-March 
2016.  Elk will be collared with Telonics Irridium GPS collars.  Approximate costs per collar 
including drop off mechanism and Iridium subscription $2,600 per collar. We will likely forgo 
VHF beacons on collars to avoid red tape associated with frequncey approval and extend collar 
life.  Anticipated collar life 2-3 years. Approximately 10 additional elk per year in subsequent 
years will be captured to maintain 30-40 elk in the sample.  GPS collar data will be used to: 
1)Determine the summer range proportions of elk that winter on NER. 2) Evaluate elk 
behavioral response to changes in the feeding program ie when and where do elk leave NER.  
3)Capture efforts will facilitate collection of important ancillary biological information 
(brucellosis seroprevalence, pregnancy rate, DNA samples, etc.) 
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Wolves: Given potential importance as a covariate, estimates of total wolf numbers and the 
total number of wolf packs in the JEH unit will continue to be important.  Jurisdiction of 
monitoring data remains in flux due to litigation. 
 
Disease: Given ‘healthy- elk goal. Continued CWD monitoring in the JEH is warranted.  Current 
baseline brucellosis seroprevelance for elk the winter in NER is needed.  This would be 
facilitated by large scale elk capture in 2016 to deploy GPS collars.  Costs to continue current 
level of CWD surveillance in the JEH is approximately $32,000 per year. 
 
Trumpeter Swans Using the Visitor Center Ponds: I view this as the linchpin to evaluating the 
success of our activities on the refuge.  The number of cattails in these ponds and their effect 
on Jackson Hole tourism is also keeping me awake at night.  Estimated annual cost for 
monitoring:  $222,000 
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Need to articulate that the primary issue to be addressed with this plan is how to alter elk 
behavior so that the desired winter distribution is achieved. Only once that is done can the 
questions regarding what number of elk the NER can support while achieving habitat 
objectives be visited. Already at JEH objective, and nearing JBH objective.  
 
The bison population objective of 500 animals post-hunting season was determined based 
largely on maintaining genetic heterozygosity while minimizing other conflicts (USFWS 2007a). 
Unlike the second phase elk objective, the bison objective is independent of additional criteria 
defined as desired conditions.  
 
 

APPENDIX I 
 
Development of Alternative Management Actions and Strategies 
Alternative management actions were identified during a meeting of stakeholders at the NER 
22 May 2013. Alternative actions, and constraints, were developed for the NER winter elk 
population and the JBH. A series of further meetings (25 July, 20 August, 12 September, 23 
October, and 13 November 2013, and 22 January, 24 February, and 7 April 2014) were held to 
create management strategies, i.e., collections of actions that form complete and comparable 
alternatives (Gregory et al. 2012).  
 
Reference case—It is helpful to identify a reference alternative that captures the recent and 
ongoing management actions that have led to the current state of the system for comparing 
with new alternatives that are developed. Ongoing management actions include winter feeding, 
irrigation, harvest, and hazing.  
 
Big game population objectives in Wyoming are evaluated and updated at least every five 
years. Objectives represent the preferred number of animals during winter within a herd unit 
(e.g., the Jackson Elk Herd) and are determined based upon multiple factors, including 1) 
available habitat to support the defined population, 2) hunting access, and 3) tolerance for 
wildlife on private lands by landowners (Tassell et al. 1995). Public input on proposed 
population objectives is obtained during public hearings. After the hearings the proposed 
population objectives are sent to the Wyoming Game and Fish Commission for review and 
approval. The NER, GTNP, and Bridger-Teton National Forest (BTNF) have participated in WGFD 
big game population objective review and revision processes in the past for both the JEH and 
JBH. These federal agencies will continue to participate in objective setting for the JEH and JBH 
populations. 
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The current JEH winter feeding program includes two groups of feedgrounds – one on, and 
managed by, the NER, and the second managed by WGFD. The latter are the Alkali, Fish Creek, 
and Patrol Cabin feedgrounds, collectively known as the Gros Ventre feedgrounds, located on 
BTNF lands. Initiation of feeding is currently conservative, i.e., has the primary objectives of 
minimizing elk 1) winter mortality of the most susceptible group, calves, and 2) comingling 
issues with cattle on adjacent private lands. Winter feeding begins when available forage 
reaches approximately 300 lbs acre-1 at key index sites. Available winter forage for elk and bison 
on the NER is largely determined by snow conditions, rate of forage consumption during fall 
and winter, and biomass of forage produced during the previous growing season.  
 
Forage biomass (metric tons) is correlated with the amount of precipitation (mm) during May–
August (𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 50.31, R2 = 0.91; 1995 and 1998–2006, NER unpubl. data), and secondarily 
affected by the number of irrigated acres.  Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–2013, and in recent years irrigation of 
approximately 3,600 acres has increased forage production by approximately 10% compared to 
what would have been produced with precipitation alone. Estimation of forage biomass is done 
annually based on sampling at index sites. Index sites are selected subjectively each year based 
on presence of vegetation highly palatable to elk such as naturally sub-irrigated wet meadows, 
irrigated areas with significant green vegetation, and in years with adequate late summer/early 
fall precipitation, native dry grassland plant communities with basal green up.  
 
During 1995–2013, mean initiation of winter feeding on the NER was 28 January, ranging from 
30 December to 28 February. Mean termination of winter feeding during this same period was 
3 April, ranging from 20 March to 20 April. Initiation and termination dates vary widely based 
on winter conditions. Excluding years in which feeding did not occur, mean initiation and 
termination dates for winter feeding during 1976–2013 at the Gros Ventre feedgrounds 
occurred during the second week of January and first week of April, respectively (Table 1). This 
resulted in approximately 3 months of feeding each year.  
 
Table 1. Winter feeding mean initiation and termination dates and total days for the Gros 
Ventre feedgrounds managed by Wyoming Game and Fish Department. Standard deviations 
are provided parenthetically. 
Feedground Initiation Date Termination Date Total Days 
Alkali 10 January (18.8) 7 April (13.5) 89 (23.5) 
Fish Creek 9 January (12.3) 4 April (17.1) 85 (21.0) 
Patrol Cabin 11 January (13.5) 4 April (11.6) 84 (19.0) 
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Winter feeding coordination between the NER and WGFD occurs annually. Feeding in the Gros 
Ventre feedgrounds is targeted specifically to assist in keeping animals from moving to the NER; 
for example, animals are more likely to move to the NER if feeding is occurring there and not at 
the Gros Ventre feedgrounds, where the opposite up-slope migration is less likely. Termination 
of feeding at feedgrounds needs to be coordinated so animals moving to the NER after feeding 
ends on the Gros Ventre feedgrounds do not remain at the refuge. This coordination will 
continue regardless of the management strategy employed.  
 
Bison are fed as necessary to ensure elk are adequately fed. Bison out-compete elk for forage 
resources, so the typical strategy is to keep bison at the northernmost NER feedground 
(McBride) by feeding them prior to feeding elk. Bison are fed separately from elk and are given 
a ration adequate to ensure they do not move to elk feeding areas. This also influences 
distribution of bison in the winter, reducing conflict associated with bison moving into 1) 
Jackson, and 2) the Nowlin unit of the NER where commercial sleigh rides occur.  
 
Total harvest of the JEH was reduced over the last decade as the population objective was 
reached (Fig. 4). Elk hunting on the NER (Hunt Area 77) typically begins in mid-October and 
ends in mid-December, with peak harvest in recent years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 (SD = 56) hunters harvested 161 (SD = 38) elk 
per year during the NER hunt.  
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Figure 4. Jackson elk herd estimated harvest, 2002–2011. 
 
Associated with harvest on the NER, “tag and drag” is a retrieval service currently provided by 
two licensed outfitters. They are also licensed to guide on the NER. This program will continue 
regardless of the management strategy employed.   
 
Hazing of elk is currently only undertaken in spring to encourage elk (and bison) to move off of 
the NER. Attempts at post-hunting/pre-feeding hazing of elk to the north part of the refuge 
occurred (e.g., 2005–2006), but were largely ineffective with elk generally returning the 
following day to the south end of the NER. These efforts included hazing using ATVs, on foot, 
and on horseback. Reducing spring hazing to increase early-season harvest was considered as a 
potential action but not included due to 1) the perception that the loss of forage on the Refuge 
by resident elk during summer would offset gains due to increased harvest, 2) presence of 
wolves on the northern end of the Refuge may preclude the desired response of reduced 
hazing to keep elk on the north end of the Refuge, and 3) recently observed aspen recovery 
could be reduced if elk use increased on the north end of the Refuge.  
 
Fencing of hay stacks and livestock feedline areas has historically been used to mitigate conflict 
on private lands. Fencing as mitigation on private land will continue in a targeted fashion. For 
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example, a proposed mitigation in the Horse Creek area would involve a land trade with a 
private landowner to move livestock winter feeding operations off of a south facing slope that 
is a movement corridor for elk. Fencing three sides of the private land would separate the 
corridor from the livestock feedline. Targeted fencing of golf course greens and sand traps fall 
through spring has been successful in some situations for mitigating elk and bison presence in 
these areas. It is important to note that the county has a ‘wildlife-friendly’ fence policy and 
does not support fencing impermeable to wildlife. 
 
The outcome of the reference case described above for elk abundance and distribution during 
winter in the JEH is shown in table 2. Population objectives for the two feedground complexes 
are provided, as are annual elk abundances as measured during the classification count. The 
data presented in table 2 demonstrate the potential for reaching the Phase 1 NER winter elk 
population objective of 5,000 while remaining within the JEH objective of 11,000 (±10%). 
 
Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2013, relative to the current objective. 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range* 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 

*Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 
  
Bison numbers grew exponentially from the 1970s until recently, peaking at 1059 animals in 
2007 (Fig. 5). Recent declines in the number of bison are largely attributable to increased 
hunter harvest on the NER. Bison hunting begins on August 15 and ends in early to mid-January; 
no bison hunting is allowed in GTNP, resulting in bison often staying in the park during the 
hunting season with only occasional movements onto the NER until severe winter conditions 
occur. Given this situation, harvest management balances extending the hunt as late in January 
as practicable without conflicting with winter feeding. The dynamic nature of winter conditions 
makes this unpredictable, and results in the use of emergency bison season extensions or 
reductions. For example, an emergency extension of the season (no later than 31 January) 
could occur if mild winter conditions precluded desired harvest levels earlier in the season. 
Conversely, an emergency closure may be necessary if winter weather conditions require 
feeding to commence before the predetermined season end date. 
 
Most bison harvest occurs on the NER, with some additional harvest on private and BTNF lands.  
Since the initiation of the bison hunt in 2007, mean harvest has been 210 (SD = 45.5) bison per 
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year.  This level of harvest has been sufficient to arrest the exponential growth of the 
population, reducing bison numbers from the peak in 2007 to 855 animals in 2013 (Fig 5). 
Licensing changes for hunting Jackson Hole bison were enacted in 2014 to increase harvest, 
especially of bison females.  These included a reduction in the bison female/calf license fee 
(from $416 to $263 for residents and from $2522 to $1022 for non-residents) and eliminating 
the once-in-a-lifetime restriction on a successful bison hunter to only those that successfully 
harvested a bull. Tribal bison harvest is currently defined in the BEMP to permit up to five 
animals for ceremonial purposes; tribal harvest generally occurs outside of the state bison 
season. Translocation of bison to tribal lands outside of Teton County is not currently permitted 
due to brucellosis concerns.  

 
 
Figure 5. Bison winter population in the Jackson Hole area, 1970–2013.  
 
Bison would likely occupy the Refuge year-round without management intervention, but as a 
result of hazing by refuge staff and disturbance by hunters, peak bison activity on the NER 
occurs January–April each year.  If bison fail to leave the NER following the cessation of 
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supplemental feeding they are typically hazed off the Refuge using all-terrain vehicles (ATVs) in 
late April to early May.  Hazing moves bison to GTNP, where they generally remain until mid-
July. From July to early August bison that return to the NER are hazed back to GTNP to protect 
forage for elk during the winter months. Hazing efforts in August cease within several days to 
weeks of the bison season in an effort to increase hunter harvest.  
 
National Elk Refuge 
Alternative management actions identified for meeting the NER winter elk population objective 
can be grouped into four categories, including 1) winter feeding management (both on and off 
the NER), 2) population management (harvest, culling, and fertility control), 3) habitat 
improvements (on and adjacent to the NER), and 4) mitigating private lands conflicts 
(leases/easements, incentives, fencing) (Table 3). The latter represent sequenced alternatives 
that would be necessary to implement due to wintering elk dispersing onto private lands 
adjacent to the NER in response to other management actions taken. A fifth group of 
alternatives associated with increasing public awareness (including local elected officials, e.g., 
county commissioners) of ‘natural’ levels of elk winter mortality were included after the 
meeting. These actions represent acknowledgement that the current feeding program results in 
reduced winter mortality, perhaps exacerbating already low public tolerance to increased 
winter mortality, whether episodic or perennial in nature. This group was expanded to include 
more targeted education and outreach efforts for landowners, sportsmen and agencies, and 
the WGFD Commission, depending on the strategy.  Lastly, a group for each of monitoring and 
enforcement were included to allow proper accounting of projected costs associated with each 
management action strategy.   
 
Table 3. National Elk Refuge winter elk population strategy table for identifying alternative 
management action strategies. Ongoing management actions that will be continued 
regardless of strategy selected are not included in the table; descriptions can be found in the 
‘Reference case’ description within the text. 

  

Reference 
Case 

NER-
focused 

Southern herd 
segment 
mngmnt 

Late 
Season 
Harvest 

Winter feeding management  
   No change X 
 

X X 
Less conservative (NER)  X 

  Population management  
   No change X 
   Increase harvest objectives in Hunt 

Areas 77 & 78  
 

X 
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Late-season refuge hunt (Hunt Area 
77)  X X X 
Coordinated late-season hunt (Hunt 
Areas 75, 77, 78, 80)    X 
Extend open period on Forest 
Service  

  
X 

Fertility control (Hunt Area 78 & 
GTNP South)  

 
X 

 Hunt Area 78 Hunter management 
program   X  

Habitat improvements  
   No change X 
   Fire management on NER and 

adjacent public land  X X X 
Private lands mitigation  

   No change X 
   Incentivize steer operations  X 

  Non-traditional landuse mitigation   X  
Public education/outreach (EO)  

   No change X 
   Increase public EO (including local 

elected officials)  X X X 
Increase landowner EO  X X 

 Increase sportsmen & agency EO   X  
Increase WGFD Commission EO  X X X 

Monitoring X 
   No change  X X 

 Increase  
   Enforcement  
   No change X 
   Minor increase  X X  

Major Increase  
  

X 
 
Winter feeding management—Management of winter feeding is a primary driver of elk 
distribution, and to a lesser extent abundance, in the Jackson Hole area. Feeding on the NER is 
initiated each year based on a series of factors, including the amount of forage on the NER, 
number of elk present, and snow conditions. Initiation of feeding is currently conservative (see 
Reference case, pg 5). A less conservative approach would result in later initiation of feeding, 
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therefore potentially increasing winter calf mortality and comingling. Including agronomic 
grassland plant communities without significant green vegetation and/or reducing the available 
forage threshold would result in a less conservative winter feeding program. Per capita ration 
levels would not change from the current level.   
 
Implementing a less conservative feeding program could result in very limited, or no, feeding 
given certain winter conditions. However, the criteria for a less conservative feeding program 
would not be such that it could be construed as ‘emergency feeding’, i.e., feeding only to 
preclude a catastrophic mortality event. Colorado, Idaho, and Utah provide examples of states 
that have emergency feeding policies. Existing evidence suggests that emergency feeding is not 
very effective (see review in Putman and Staines 2004). Moreover, the current feeding regime 
has been developed for non-emergency situations; a review of current rations and pellet 
composition would be necessary to adjust the program for emergency feeding.  
 
Population management—Hunter harvest is the primary tool employed for population 
management of elk and bison in Wyoming. Increased harvest objectives on/near the NER would 
target the southern segment (Hunt Areas 77 & 78), which is currently more productive (i.e., 
higher cow-calf ratios) than other JEH segments. Doing this would help achieve JEH objective 
while minimizing harvest on migratory segments. In order to track hunter harvest there would 
need to be an increase in monitoring, e.g., hunter self-registration.         
 
Elk hunting on the NER currently ends mid-December. Offering a late-season hunt (after 15 
December) would assist in deterring elk from moving onto the refuge. Without coordinated 
hunts in adjacent units (Hunt Areas 75 [GTNP], 78 and 80), and extended open access on BTNF 
lands in Hunt Area 80, the NER hunt would likely be ineffective in also significantly increasing 
harvest. Late-season harvest in Hunt Area 80 would include migratory Yellowstone elk, a 
declining herd segment of conservation concern. These proposed coordinated efforts would 
need to be approved by the Commission, BTNF, and GTNP.  
 
Fertility control was considered and rejected in the 2007 BEMP, so therefore could not be 
undertaken on federal lands without vetting in the NEPA process. Moreover, this action would 
need approval by the WGFD Commission prior to the state undertaking fertility control on 
private lands in collaboration with landowners in Hunt Area 78 and Grand Teton NP South 
would occur during summer on private lands. Research completed since signing of the BEMP 
indicates fertility control may be more tractable now than when it was considered during 
preparation of the BEMP. Killian et al. (2009) demonstrated effectiveness of GonaCon™, a 
gonadotropin-releasing hormone vaccine, in female elk. Dart-delivered 2 ml doses of 1000 μg 
GonaCon™ resulted in nearly complete infertility of females treated in September. Much of the 
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early research on this immunocontraceptive vaccine was for use in white-tailed deer, with 
regulatory approval of GonaCon™ for use in female white-tailed deer by the U.S. Environmental 
Protection Agency granted in 2010. There are no known dangers to humans or wildlife from 
eating animals that have been treated with GonaCon™. 
 
Most of the observed increase in segment population has occurred in the largely non-migratory 
Hunt Area 78 / Grand Teton NP south segment. Increased harvest in this segment would help 
address a number of issues, in addition to assisting in reaching Phase I objective. Harvest is 
nearly as liberal as possible at this time; the greatest limitation is hunter opportunity in 
residentially-developed areas. Elk use in those areas is increasing, necessitating continued 
collaboration with homeowner associations to improve hunter access within residential 
developments. Many associations have covenants that exclude firearms, but archery may be an 
option where firearms are excluded. There is also a growing constituency for trophy bulls in 
these areas.  
 
A hunter management program for Hunt Area 78 would coordinate private land access through 
a hunt manager as liaison to private landowners. This program would be modeled after similar 
programs in Montana, as well as several in Wyoming (Meteetse, Laramie Peaks, etc.).    
 
Habitat improvements—Habitat improvements discussed so far have focused on fire 
treatments on range adjacent to the NER to increase attractiveness of these areas to wintering 
elk. Opportunities exist for managed fire in certain areas, but opportunities for prescribed fire 
are limited. Fire treatments in lynx habitat would not be possible, therefore it would be 
necessary to determine if a conifer stand was suitable lynx habitat as based on tree cover. 
Conversely, areas within sage grouse core habitat (i.e., within a 4 mile radius of a lek) have a 5% 
disturbance cap that would similarly preclude fire treatment. Areas mapped as wildland urban 
interface (WUI) are available for treatment, but treatments need to be defined as a fuels 
reduction.  
 
There is potential to have fire management areas on the refuge, but the conflict with sage 
grouse on the northern portion of the NER, which is identified as sage grouse core habitat, 
would need to be addressed. The plan will therefore include prescribed fire even if it isn’t a 
primary tool. These changes would represent a small, ephemeral gain at best in changes to 
habitat that may result in more elk wintering outside of the NER. Wildland fire use (i.e., wildfire 
to meet resource objectives) is authorized forest-wide in the BTNF. Much of the BTNF adjacent 
to the NER is within the Gros Ventre Wilderness, which is managed to allow “natural processes 
of ecological change to operate freely. The number, size and intensity of fires [are managed to] 
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approximate the natural fire regime” (USFS 2013). Benefits from wildland fire use on adjacent 
national forest lands are therefore opportunistic in nature. 
 
Private lands mitigation—Easements and leases have been proposed as a means to minimize 
livestock and elk conflict related to brucellosis. Easements would incentivize steer operations 
by purchasing from willing sellers the right to have cow/calf pairs. Easements should also 
consider all winter feeding of livestock (e.g., horses), certain agricultural crops that are 
attractants to elk (e.g., irrigated hay), as well as hunting access. These easements would be 
purchased and enforced through agencies and local land trusts. Leases in the Spring Gulch area 
are not a suitable solution due to the current level of development; may be an option in Buffalo 
Valley assuming the weather allows animals to winter there. Leases/easements would need to 
include a statement that the individual would forfeit their right to make a depredation claim to 
WGFD.  
 
Non-traditional landuse mitigation would differ from that described above for traditional 
landuses. For example, the Jackson Hole Conservation Alliance is working with subdivision 
landowners to install landscaping that is less attractive, and more resistant, to elk and deer. 
Similarly, WGFD assesses subdivisions to identify issues for mitigation, and provides input to 
real estate developers and in county planning documents. Also, targeted hazing in subdivisions 
and golf courses is ongoing and will continue on an as-needed basis. 
 
Public education/outreach—Each partner agency will have the opportunity to become involved 
in the planning and execution of education and outreach (EO) efforts. Increased public EO 
efforts will be undertaken regardless of the strategy selected. These efforts will include 
increasing public awareness of, and tolerance for, natural levels of winter mortality in elk. This 
would be accomplished through local news releases and radio announcements, training for 
sleigh-ride contractors that includes information on winter mortality in unfed populations of 
elk, etc. Regular updates on the planning process and progress towards meeting objectives set 
out in the BEMP will also be provided to the public through NER media outlets. County 
Commissions will be included in public EO efforts to make sure they are aware, and supportive, 
of the agencies’ efforts.  
 
Landowner EO would differ between those engaged in more traditional agricultural landuse 
(i.e., ranching) and non-traditional landusers (i.e., residential developments, golf courses). The 
decision to change a livestock operation from cow/calf to steers (non-breeding) is a major 
decision.  It is not expected that ranchers would respond to an article in the paper, news story 
on the radio or even a letter.  This kind of effort will require primarily one-on-one interactions 
with an individual that has built relationships and trust within the community. This would 
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require a private lands biologist to work with private landowners in the area. The position could 
be a shared position among agencies. Conversely, EO focused on homeowners in exurban 
developments will focus more on meetings with homeowners’ associations, residential 
developers, etc., to provide information regarding living with wildlife, wildlife management and 
conservation, etc. All agencies will need to collaborate in initial efforts to reach key landowners 
and homeowner associations to convey the objectives and primary issues involved in managing 
elk and bison in Jackson Hole, as well as to express the importance of their involvement in the 
process. WFGD is currently doing this in some areas, e.g., Hunt Area 78.  
Sportsmen EO would include meetings with local and regional sportsmen’s clubs and ideally 
articles in club magazines, Wyoming Outdoors, etc.  General newspaper articles could also help 
disseminate information. This could be largely accomplished with existing staff.  
 
Agency EO is happening to some degree through AMP meetings.  It would be helpful to focus 
on two different groups; field staff and Regional Office managers.  Field staff are instrumental 
in achieving management actions on the ground, but also support changing public opinion in 
the local area through their personal interactions outside of work.  Regional office EO is 
essential in building the necessary support to obtain project resources and have support when 
controversies are elevated to their level.    
 
WGFD Commissioner EO will require personal contacts coordinated with WGFD.  Top priority 
will be the commissioner for this area and perhaps others.  This will include 1) tours of the NER 
and GTNP and 2) a briefing on alternative strategies resulting from the AMP. 
 
Monitoring—Draft once strategies are finalized. 
 
Enforcement—Draft once strategies are finalized. 
 
Contstraints 
Constraints that were identified for managing wintering elk population on the NER were diverse 
and included policy/regulatory, biological, social, and funding constraints, and combinations 
thereof (Table 4). The most common constraints were policy related (33%), followed by social 
(28%), biological (22%), and funding (17%) constraints. Many of the identified constraints could 
be identified in multiple groups; we largely identified constraints as belonging to a single group 
to simplify classification.  
 
Table 4. Management constraints identified for the National Elk Refuge wintering elk 
population objective. 
Policy constraints 
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Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Easement limitation (NER boundary) 
2007 EIS (rejected fertility control and test and slaughter; limits tribal 

harvest) 
Social constraints 

Hunter numbers 
Winter mortality (social acceptance) 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts 
Fencing/wildlife conflicts 
Migratory segment (maintain summer distribution goals) 

Funding constraints 
Easements 
Fencing 
Fertility control 

 
National Elk Refuge Strategy Narratives 
Management action strategies were divided into themes based on the focus of the grouped 
actions within a strategy. For example, the National Elk Refuge-Focused strategy targets winter 
elk distribution through management actions primarily taken on the refuge. The Southern Herd 
Segment Management strategy is a set of actions intended to reduce the number, and 
productivity, of the largely non-migratory elk in Hunt Areas 75 and 78 while minimizing the risk 
of harvest to migratory segments of the JEH. The Late Season Harvest strategy would increase 
harvest more generally in the JEH through coordinated late season hunts, with key caveats 
outlined below. Several actions were identified as necessary to continue, or implement, 
regardless of the strategy selected. Those to be continued are the 1) intra-seasonal 
management and coordination between the NER and WGFD Gros Ventre feedgrounds, 2) 
fencing for private lands mitigation, and 3) “tag and drag” and guided hunts on the NER and 
GTNP. New actions to be implemented across all strategies include 1) a late-season refuge hunt, 
2) Fire management on NER and adjacent public land, 3) increased public education and 
outreach, and 4) increased WGFD Commission education and outreach. 
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National Elk Refuge-Focused Strategy 
The NER-focused strategy is based on altering distribution of elk using management actions 
centered primarily on the refuge. This strategy implements actions to make the refuge less 
attractive to wintering elk primarily through a less conservative winter feeding program and 
initiation of a late-season hunt. This assumes that a proportion of elk that winter on the refuge 
can be conditioned to stay on adjacent winter range based on decreasing the incentive (later 
initiation of feeding) and increasing the disincentive (late season hunt) to moving onto the 
refuge. Incentivizing steer operations on private lands would be undertaken to address the 
increased proportion of elk that may winter on adjacent private lands. Similarly, education and 
outreach to private landowners is included in this effort to increase acceptance of elk wintering 
on private lands adjacent to the NER. Increased enforcement on the NER would also be 
necessary due to the addition of the late-season hunt.  
 
Southern Herd Segment Management Strategy 
The southern herd segments (Hunt Area 78 and GTNP South) are increasing absolutely and 
proportionally within the JEH. Conversely, migratory segments (i.e., elk that summer in 
Yellowstone NP and Gros Ventre Wilderness) of the JEH are stable to declining. The Southern 
Herd Segment Management Strategy focuses management actions at slowing, or reversing, the 
growth of the southern herd segments. Proposed actions include increasing harvest through 
the development of a hunter management program, a program that also helps address private 
lands mitigation. Targeted fertility control on private land summer range could also be 
explored by WGFD, but would need to go through the proper approval process (i.e., WGFD 
Commission). This action was considered and rejected in the BEMP. Increased outreach to 
sportsmen and agencies, and landowners, would be undertaken; the former is due to the 
potential for fertility control and the latter is for increasing awareness of landowners of the 
efforts to reduce the southern herd-segment. Increased harvest is localized by this strategy, 
minimizing the potential impact of increased harvest on the migratory segments. Increased 
enforcement on the NER would also be necessary due to the addition of the late-season hunt. 
 
Late Season Harvest Strategy 
The Late Season Harvest Strategy represents a broader, landscape scale approach to achieving 
the Phase I elk objective. A coordinated (i.e., NER, WGFD, GTNP, BTNF) late season hunt in Hunt 
Areas 75, 77–78, and 80 would occur. Approval would need to be obtained for extending, or 
moving, the current season in GTNP to allow later harvest. Lastly, the current December 1st 
closure to protect wintering ungulates in Hunt Area 80 on BTNF lands would need to be 
modified through an environmental review process to allow hunter access into that area. 
Currently the JEH could be reduced by approximately 1,000 animals before being below 
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objective (11,000 ± 10%). A WGFD Commission approved reduction in the JEH could be 
investigated if the efforts of this strategy did not result in reaching the NER Phase I elk 
objective. An increase in enforcement would be necessary if this strategy was implemented.  
 
Bison 
Alternative management actions for bison on the NER and adjacent areas included several 
developed for the NER wintering elk population objective in addition to those solely developed 
for bison (Table 6). Most of the actions identified were related to bison harvest in an effort to 
influence hunter access or success.  
 
Table 6. Bison population strategy table for identifying alternative management action 
strategies.  

  

Reference 
Case 

Hunter 
Harvest 

Alternative 
Reduction 

Actions 
Population management 

   No change X 
  

Improve late-season access to north 
end of NER for hunting and carcass 
retrieval 

 
X X 

Parking lot origination management 
 

X X 
Alternative reduction actions*   X 

Hazing 
   

No change 
   

Haze bison found south and east of 
Flat and Nowlin creeks  

X X 

Service-accompanied hunters  X X 
Habitat improvements 

   
No change X 

  
Fire management on NER and 
adjacent public land  

X X 

Water source improvements    
Private lands mitigation    

NER south-boundary improvement    
Public education/outreach (EO) 

   
No change X 

  
Increase education and outreach 

 
X X 

Monitoring 
   



37 
 

No change 
   

Enforcement 
   

No change 
   

Increase 
   

*Beyond the scope of this plan and may require NEPA review. 
 
Population management—Hunter harvest of bison since 2007 has led to an appreciable 
reduction in the population (Fig. 5). Further efforts to increase hunter harvest are intended to 
reduce the number of years necessary to reach the bison population objective. Most of the 
actions identified are related to increasing opportunity and success at the existing level of 
hunter numbers. The current number of hunters each year is believed to be a maximum 
number allowable while still providing a quality, and safe, hunting experience.   
 
Efforts to improve late-season access to the north end of the NER for hunting and carcass 
removal could facilitate increased harvest. Existing retrieval roads become impassable late in 
the hunting season due to snow, and can, for example, preclude hunters from using the West 
Parking Area or retrieving carcasses on the northern portion of the refuge. Keeping these roads 
open may be difficult in heavy snow years, requiring a bulldozer in some situations. 
Alternatively, over-the-snow vehicles could be considered for carcass retrieval on existing 
refuge roads. Hunter access easements across private lands on the northeast corner of the NER 
will be explored as another means of providing access to that portion of the refuge for hunting 
and carcass retrieval. 
 
Hunters must originate from a designated parking area for hunting bison on the NER. All but 
one designated parking area are within the NER. Access to the northwest portion of the NER is 
via a parking area within and managed by GTNP in collaboration with the NER. Accessing the 
refuge for hunting from BTNF lands along the eastern boundary of the NER was historically not 
allowed. The refuge will continue to manage hunter distribution using parking-lot origination in 
an effort to encourage bison to move onto, and remain, on the refuge. Hunters with a NER 
permit will also be allowed to access the refuge from adjacent BTNF lands.   
 
Continuous review of population management actions implemented for reaching the bison 
population objective will be undertaken during the life of this plan. If management actions 
outlined in this plan prove ineffective for reaching the objective, other actions that fall outside 
the scope of this plan may be considered, e.g., agency cull, herd-wide fertility control. Such 
actions may require evaluation as per the NEPA.  
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Culling of bison is currently not used as a population management action. Including an agency 
bison cull as a potential population management action in this plan does not imply agency 
approval at this time and would only receive further consideration upon meeting several 
criteria. Consideration of an agency cull would include meeting National Environmental Policy 
Act (NEPA) requirements. WGFD policy prevents elk hunting past January 31st to minimize 
hunter exposure to Brucella abortus (the bacteria that causes brucellosis). This policy is specific 
to elk at this time, but the same concerns exist for late-season bison harvest. Between February 
1st–15th WGFD personnel can harvest animals and the animals can be donated; animals killed 
after February 15th must be disposed of in a landfill.  
 
Herd-wide fertility control of bison was considered and rejected in the BEMP. A review of 
fertility control in wildlife, current at the time of approval of the BEMP, can be found in 
Appendix B of the final Environmental Impact Statement (EIS) (USFWS and USNPS 2007b). Need 
to gather more details on the current state of knowledge for this technique – would it be 
possible to have the WGFD vet draft a few sentences, with current citations, for this purpose? 
Seems like this would have to occur on the feedline to be efficient and effective, which would 
trigger NEPA. Bison primarily occur on federal lands, so proposed implementation of this action 
would necessitate following NEPA requirements.  
 
Hazing—Reduction, or elimination, of winter feeding will likely result in bison having a broader 
winter distribution in Jackson Hole. This could lead to more frequent use of the Nowlin unit by 
bison; the Nowlin unit is where commercial sleigh rides are conducted. Moreover, increased 
bison use of the southern portion of the NER beyond the Nowlin unit increases the potential for 
bison to enter the town of Jackson. For public safety and to minimize conflict in the Nowlin unit, 
bison will be hazed north if found south of a boundary starting at the Twin Creek Subdivision, 
west along Elk Refuge Road to Nowlin Gate, north and west along Hunter Retrieval Road 22 (an 
administrative road), north along Hunter Retrieval Road 22 to the Refuge Barns, west along 
Nowlin Creek to the confluence of Flat Creek, and north along Flat Creek to the northern 
boundary of the Jackson National Fish Hatchery.  
 
Service-accompanied hunters in NER management units south of the bison hazing line defined 
above could be used to haze bison north of the hazing line.  
 
Habitat improvements—Fire management on NER and adjacent public land to increase 
attractiveness for bison would be the same as described above for elk (pg X). The objective, 
however, differs in that the purpose of attracting and holding bison on the refuge would be 
primarily to increase susceptibility of bison to harvest.  
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Water sources on the east side of the NER would be modified to increase flow rates, improve 
bison access to water, encourage bison use and potentially increase early season 
harvest.  Existing springs known as waterhole 2 and waterhole 3 currently have defunct bore 
hole pipes with limited water flows.  These would be repaired or replaced to ensure late 
summer water flow and encourage bison use at these locations. 

Private lands mitigation—Bison primarily occur on public lands (i.e., NER, GTNP, and Bridger-
Teton National Forest), and when they do occur on private lands WGFD has the authority to 
haze or lethally remove bison for safety or private lands damage concerns (WGFC regulations, 
chapter 56). There is the potential for increased private lands conflict if winter feeding is 
reduced or eliminated on NER. For example, bison may move further south when feeding does 
not occur, increasing the potential for bison in Jackson. To reduce the likelihood of bison 
moving from the Refuge into Jackson, a double cattle guard will be installed on Elk Refuge Road 
at the boundary with East Broadway and at the gate where the town accesses the municipal 
water wells.  
 
Public education/outreach—Public education and outreach for bison management will be 
integrated into EO provided for elk management (see pg. X). There are important differences 
between bison and elk biology and management that will be articulated. The bison population 
objective differs from the elk objective, with the former based primarily on maintaining genetic 
heterozygosity while minimizing conflict (USFWS and USNPS 2007a). Bison winter feeding is 
conducted primarily to eliminate conflict with elk on feedgrounds, which is fundamentally 
different than the objective for feeding elk to sustain the JEH through winter with minimal 
mortality. Winter feeding of bison precludes other conflicts that would occur if bison were 
more broadly distributed within Jackson Hole, e.g., bison in the town of Jackson and the 
associated public safety conflict. As winter feeding is reduced, or eliminated, efforts will be 
made to manage potential increased conflict, but public acceptance of increased conflict will be 
necessary. There are important biological differences between bison and elk that will be 
highlighted. For example, during 2007–2013 the JBH had greater than twice the ratio of calves 
to females in winter compared to elk of the JEH (0.47 [SD = 0.05] for bison and 0.22 [SD = 0.03] 
for elk; WGFD, unpubl. data). During the six-year period taken to complete the BEMP the bison 
population grew exponentially, increasing from 627 animals in 2002 to 1059 in 2007 (Fig. 5; 
WGFD, unpubl. data). Management challenges can also differ between bison and elk. Bison 
female-calf groups spend much of the year in GTNP, where no harvest is permitted, and move 
to the Refuge as winter conditions reduce forage availability in GTNP. Female-calf groups 
largely do not use BTNF lands adjacent to the NER or GTNP, which constrains population 
management using hunter harvest to a relatively limited area on the NER. This can lead to 
dense concentrations of animals and hunters on the NER, which can result in hunter conflict.  
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Increased EO to state agencies, e.g. the Department of Agriculture and state veterinarian, will 
be included as part of this action. The range of bison will likely expand as feeding is 
reduced/eliminated, potentially leading to more conflict on private agricultural and developed 
lands. 
 
Monitoring— Draft once strategies are finalized. 
 
Enforcement— Draft once strategies are finalized. 
 
Constraints 
Constraints unique to bison management were largely related to disease transmission concerns 
and related policy (Table 7). For example, it is not currently possible to move bison out of the 
county, nor are bison currently allowed in the Gros Ventre near WGFD feedgrounds. Several 
identified alternative actions, fertility control and test and slaughter, were considered and 
rejected in the 2007 Environmental Impact Assessment (EIS) for the Bison and Elk Management 
Plan. The 2007 EIS similarly limits tribal harvest of bison. Moreover, there is uncertainty if an 
effective bison fertility control exists, which is a technological constraint. What constraints 
from the NER wintering elk constraints table should be carried over to the bison constraints 
table? 
 
Table 7. Management constraints identified for the bison population objective. 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Cumbersome hunt regulations 
Hunter access (especially from north of the NER) 
Easement limitation (NER boundary) 
Current restriction on moving bison out of county 

Social constraints 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Vendor numbers (are there enough for bison removals?) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts (fire) 
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Fencing/wildlife conflicts 
Grizzly bear conflicts (potential) 

Funding constraints 
Easements 
Fencing 
Fertility control 

Technological constraints 
Fertility control 

 
Note/reminder from initial fall meeting Nov. 2012: “Three-pronged approach” 1) how to use 
hunters to reduce #s, 2) how to get more on native, 3) explicit metric for winter mortality that is 
acceptable.  
 
Include a paragraph or two that describes 1) how phases are related to each other, 2) when we 
will claim we’ve been successful in Phase I, 3) how Phase II will be implemented (i.e., stepwise 
or all at once after success with Phase I, 4) whether meeting bison and elk objectives 
simultaneously will be necessary to begin implementing Phase II.  
 
Include a summary of the actions in this plan that tier off of the BEMP vs. those that would 
trigger NEPA. This would include defining strategies succinctly and the threshold that would 
trigger NEPA. In this way we can move forward with actions that step down from the BEMP 
and have a trigger for initiating NEPA if, and only if, necessary.   

1) Removed ‘Grand Teton NP harvest’ from the bison alternatives table because it was not 
in the BEMP and would therefore trigger NEPA and an act of Congress would be 
necessary (for a hunt, not a cull). A bison cull in GTNP would still trigger NEPA. Included 
agency cull (see below).  

2) Test and slaughter for bison was reviewed and rejected in the BEMP – many reasons to 
not do it.  

3) An agency bison cull would trigger NEPA 
4) Herd-wide fertility control in bison would similarly trigger NEPA 
5) Elk fertility control in GTNP south? This is currently an action in an elk strategy that 

would trigger NEPA, yet we haven’t excluded it from the main plan, simply stated it 
would need NEPA. 

      
 
Influence diagram rules –  

1) Bolded polygons and arrows represent NER specific outcomes, influences, factors, and 
measurable attributes. 
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2) Rectangles represent ongoing management actions that influence the outcome of 
interest, bison and elk fed days on the NER  

3) Hexagon is an outcome (which are also an influence/factor) 
4) Dashed rectangle represents a measureable attribute with a defined threshold to trigger 

a management decision to implement an action. 
5) Rounded rectangles represent objectives measured with uncertainty 
6) Factors that influence the outcome. Unpredictable, unmeasured, or both, i.e., beyond 

our control or ability to influence effectively. 
 

Influence Diagram Narratives—If survival and distribution are related to EFD & BFD – assume 
that reductions in EFD & BFD are not due to significant reduction in populations but instead the 
need to change elk and bison behavior and distribution.  
 
First influence diagram – defines bison and elk fed days, and winter distribution, as outcomes. 
Each of these outcomes is defined in the BEMP; the phase 1 objective for BFD and EFD are 
based on feeding 500 and 5,000 bison and elk, respectively, for an average length of time (see 
above). The phase 2 objective is to minimize BFD and EFD, up to and including no feeding, while 
supporting JBH and JEH objectives. Winter distribution of the JEH to support the current 
population objective (11,000 elk ± 10%) is defined in the BEMP (table X, above), including 5,000 
elk wintering on the NER. 
 
Ultimate question – how many elk can the refuge support while concurrently minimizing calf 
survival and winter feeding? That is the primary uncertainty and what we need to determine.  
 
Second influence diagram – includes a third outcome not explicitly defined in the BEMP but 
identified during the development of this plan.   
 
Note to include – triggers for start and end of winter feeding are 1) available standing forage 
on NER key index sites, and 2) snow cover on transitional areas, respectively. The latter could 
be quantified using fixed photo points to estimate percent bare ground at important 
transitional areas (e.g., Kelly hayfields).  
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Warren; Cris Dippel; Eric Cole; Steve Kallin; Steve Cain
Subject: Preparation Materials for Next AMP Meeting; June 3, 2015, 12:30 PM
Date: Tuesday, May 26, 2015 1:46:59 PM
Attachments: NER_AMP_meeting_agenda_6_3_2015.docx

NER_draft_AMP_26_May_2015.docx
DRAFT AMP Completion and Implementation Schedule 5-26-2015.docx

Hi All:
 
The attached information is provided to help the AMP Team be as efficient and productive as
possible during the next meeting.  The goal of this meeting is to complete focused discussion on key
topics so a more complete AMP can be drafted.    
 
Attached are three documents to help you prepare for the upcoming AMP meeting.
 

1.       NER_AMP_meeting_agenda_6_3_2015.  Please refer to topics in the agenda as you
review the Draft AMP.  These topics will receive focused discussion.   
2.       NER_draft_AMP_26_May_2015. This is a very rough draft of the AMP.  Please focus on
pages 1-21; all following pages are a compilation of notes and discussions from previous
meetings.
3.       DRAFT AMP Completion and Implementation Schedule 5-26-2015.  Please review this
draft schedule and be ready  to provide your thoughts concerning plan completion and
implantation timing.

 
Thanks again for the important contributions you have and are making to this AMP process. 
 
Look forward to seeing next Wednesday,
 
Steve Kallin
Project Leader
National Elk Refuge
PO Box 510
675 East Broadway
Jackson, WY 83001
Phone: (307) 201-5409
Fax: (307) 733-9729
steve_kallin@fws.gov
 



BISON AND ELK ADAPTIVE MANAGEMENT PLAN MEETING 

3 June 2015 AGENDA 

Participants: 
National Elk Refuge, WGFD – Jackson Region, Grand Teton NP, Forest Service 
 

12:30 – 12:45: MEETING OBJECTIVES 
1. Review of draft AMP – the plan provided to everyone is a very rough draft intended to 

provide an overview of the general direction we are proposing.  
2. Supplemental feeding initiation and termination criteria.   
3. Monitoring  
4. AM Plan Review 
5. Draft Completion and Implementation Schedule 

 
1.) 12:45 – 1:30: Review of draft AMP 

A. Overview of draft AMP by Jeff Warren 

B. General discussion of the current direction, i.e., big-picture comments 
 
C. Detailed discussion of several key AMP components  

- Elk winter distribution     pg. 4 

-  Elk calf winter survival and forage deficits   pg. 7 

- Are the stated assumptions acceptable?    pg. 4, paragraph 2 

 
2) 1:30 – 3:00: Supplemental feeding initiation and termination criteria 

A. Two potential approaches to change initiation of supplemental feeding 
- Initiation based on available forage, lower threshold values pgs. 10–11 
- Keep current available forage threshold and delay specified number of days 
 

B. Options for termination of supplemental feeding 
 

3) 3:00 – 3:30: Monitoring 
A. Does the monitoring listed below capture the primary needs of the AMP?  

- Elk response to supplemental feeding changes  
- Elk calf survival 
- Conflicts on private lands 
-Changes to disease prevalence 

 
4) 3:30 – 3:45: AMP Peer review discussion 

 
5) 3:45 – 4:00: Draft Completion and Implementation Schedule discussion  
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INTRODUCTION 
 
Winter feeding of elk in Jackson Hole began in 1910 and was originally initiated to reduce 
winter mortality of elk and minimize depredation of ranchers’ hay. Today, the need for winter 
feeding of elk on the National Elk Refuge (NER) is a direct result of reduced access to significant 
parts of elk native winter range, loss of historic migration patterns, behavioral conditioning of 
elk to winter feeding, and the desire to maintain a population objective established in the 
context of supplemental feeding. Litigation in 1998 prompted cessation of bison hunting on 
NER due to insufficient environmental analysis.  As a result, a six nine year planning effort was 
undertaken to address a suite of issues associated with inter-agency bison and elk management 
in the Jackson Hole area, culminating in 2007 with the Bison and Elk Management Plan (BEMP; 
USFWS 2007a, http://www.fws.gov/bisonandelkplan).    
 
The BEMP considered six alternatives for bison and elk management focused on four broad 
goals: 1) sustaining native habitat; 2) promoting sustainable populations; 3) maintaining 
population sizes; and 4) preventing spread of disease.  The selected alternative proposed to 1) 
maintain the Jackson Elk Herd (JEH) at the Wyoming Game and Fish Department’s (WGFD) 
objective of 11,000 (± 10%), 2) establish a bison population objective of 500, 3) restore habitat 
on the NER and in Grand Teton National Park (NP), 4) continue hunting of bison and elk on the 
NER, 5) continue the elk reduction program in Grand Teton NP, 6) continue to vaccinate elk for 
brucellosis, and 7) develop an adaptive management plan for decreasing the need for 
supplemental feeding on the NER. The latter need, as articulated in the Sustainable Populations 
goal of the BEMP, provides the nexus for this Adaptive Management (AM) plan.   
 
The Sustainable Populations BEMP goal is to ‘contribute to elk and bison populations that are 
healthy and…at reduced risk from the adverse effect of non-endemic diseases’. The goal 
comprises four objectives, including the development of an AM plan to reduce reliance of elk 
and bison to winter feeding on the NER following a two-phased approach (Fig. 1). The first 
phase sets initial population objectives of 5,000 elk on winter feed at the NER and 500 bison in 
the Jackson Bison Herd (JBH). The second phase calls for elk populations that are adaptively 
managed to ‘achieve desired conditions, with animals relying predominantly on native habitat 
and cultivated forage’ (BEMP; USFWS 2007a).  
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Figure 1. Relationship of Adaptive Management Plan to the Bison and Elk Management Plan 
(USFWS 2007a) goals, objectives, phases, and consideration criteria for reducing the reliance of 
elk and bison to supplemental feed. 
 
The first phase objective of 5,000 elk was based on predictions of the Forage Accounting Model 
of Hobbs et al. (2003). Simulations indicated that ‘in average SWE [snow-water equivalent] 
winters with average pre-winter precipitation and 500 bison, roughly 16,000 elk can find forage 
on the Greater Teton Ecosystem without incurring forage deficits and roughly 5,000 elk can find 
forage on the NER without incurring deficits.’ The combined probability of experiencing average 
pre-winter precipitation and average winter SWE in the Jackson Hole area is XX%, based on 
[what time series of climate data from what station] (need to use Hobbs’ data sources for 
this). Therefore, based on Forage Accounting Model predictions, 5,000 elk could winter without 
supplemental feed on the NER without incurring a forage deficit during X of 10 years on 
average. To achieve the objective of wintering elk relying ‘predominantly on native habitat and 
cultivated forage’, e.g., feeding occurring less than five of 10 winters, elk would incur a forage 
deficit X of 10 years on average. It is important to note that elk use stored energy reserves 
during winter, so incurring a forage deficit does not imply an immediate threat (Hobbs 1989, 
Cook 2002). 
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The second phase desired conditions on the NER relate to six considerations (i.e., criteria) as 
management action triggers for ‘progressively transitioning from intensive supplemental winter 
feeding to greater reliance on free-standing forage’ (BEMP; USFWS 2007a). These criteria are: 
1) Level of forage production and availability on the National Elk Refuge, 2) Desired herd sizes 
and ratios, 3) Effective mitigation of bison-elk-cattle mingling (hereafter ‘comingling’) on private 
lands, 4) Winter distribution patterns of elk and bison, 5) Prevalence of brucellosis, chronic 
wasting disease, and other wildlife diseases, and 6) Public support. Explicit values that can be 
used as management triggers were defined in the BEMP for several, but not all, of the criteria. 
Forage production on irrigated areas of the NER, desired herd sizes and ratios, and winter 
distribution of elk and bison each have numerical objectives that can be used to trigger 
management actions based on assessment of those criteria. Conversely, co-mingling mitigation, 
disease mitigation, and public support lack numerical objectives that would facilitate creating 
triggers for management. 
 
Two of the four criteria with explicit numerical objectives defined in the BEMP are currently 
being met. The NER is meeting or exceeding forage production objectives, and the JEH is within 
population objective. Current harvest rates have been successful in incrementally reducing the 
Jackson Bison Herd, making achievement of that objective likely given current management 
strategies. However, winter distribution of the JEH is not at objective, and distributional trends 
have resulted in being farther from the objective now than at the completion of the BEMP. A 
greater proportion of the JEH currently winter on the NER than when the BEMP planning 
process began in 2000.  
 
Elk winter distribution 
Winter distribution is inseparable from either bison-elk-cattle mingling or disease prevalence 
criteria, with feeding ameliorating the former and exacerbating the latter. Winter feeding 
minimizes co-mingling issues by concentrating elk and bison on publicly managed feedgrounds, 
minimizing the number of elk and bison on private lands adjacent to the NER. Conversely, 
concentrating elk on feedgrounds results in higher rates of endemic disease transmission 
(Murie 1951, Franson and Smith 1988, Samuel et al. 1991, Herriges et al. 1992, Smith and Roffe 
1997), greater potential for amplification of prevalence of non-endemic diseases (e.g., chronic 
wasting disease [CWD]; Williams et al. 2002, Miller et al. 2004, Monello et al. 2014), and creates 
relatively unique disease issues for wild ungulates such as hoof rot (USFWS unpubl. data).  
 
Management actions intended to distribute wintering bison and elk to meet BEMP objectives 
may initially result in an increase in private lands conflicts. Bison-elk-cattle mingling will 
increase as bison and elk disperse from the NER looking for alternative forage resources. 
Similarly, dispersing bison and elk may end up in residential areas or on/near public roadways.  

Commented [WJ3]: I don’t know about the bull:cow ratio in 
GTNP, or how best to include it here. To date it has been talked 
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Effective mitigation of co-mingling will take a suite of tools (e.g., private lands easements, 
fencing, hazing) to be employed throughout the life of this plan. WGFD currently monitors 
wildlife damage claim reports for the Jackson Region; this information provides an important 
baseline and metric for quantifying potential increases in private lands conflicts moving 
forward. 
 
The efficacy of reducing disease threat by achieving elk winter distribution objectives is disease-
specific and varies due to the scale and time dependence of elk density on the NER versus 
native winter range.  Assuming 7,500 wintering elk on the NER, estimated elk density is 77 elk 
per km2 for the entire refuge,  370 elk per km2 for the 5,000 acre supplemental feeding area, 
and 4,630 elk per km2 for the 400 acre area on which elk are fed within any given day (USFWS, 
unpubl. data). For comparison, cow elk had a 0.08 (95% BCI=0.05, 0.12) annual incidence of 
CWD at an estimated 15-110 elk km-2 on native winter range in Rocky Mountain NP.  We 
anticipate lower average elk densities in the JEH associated with AM plan implementation 
resulting from decreased elk use of feedgrounds and increased use of native winter range, but 
predicting the magnitude of disease transmission and prevalence reduction resulting from this 
change in elk distribution is difficult and disease-specific.   
 
Supplemental feeding is a primary driver of the proportion of the JEH that winter on the NER. 
However, other factors such as weather, forage availability, predators, hunting, and migratory 
behavior also influence this metric (Fig. 2). At the completion of the BEMP it was believed that 
achieving the JEH population objective would be the primary means to reaching the phase 1 
objective of 5,000 elk wintering on the NER. However, the proportion of the JEH that winter on 
the NER has increased, not decreased, since completion of the BEMP and achievement of the 
JEH population objective. The increase in the proportion of the JEH wintering on the NER also 
occurred concurrent with a relatively constant initiation criterion for winter feeding and high 
harvest pressure on the NER. It is therefore likely that factors other than winter feeding and 
harvest are contributing to the recent increase in the proportion of JEH elk wintering on the 
NER. 
 

Commented [WJ5]: Set a threshold value of conflict complaint 
increase for easing back initiation criteria? E.g., if reducing initiation 
criteria from 300 to 150 lbs per acre available forage results in 
>100% increase in public conflict complaints in the Jackson Region 
change the next year to 200 lbs. acre as criterion. 
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Figure 2. Influence diagram depicting factors (including management actions) influencing 
outcomes identified in the Bison and Elk Management Plan (BEMP; USFWS 2007a). Gray 
hexagons represent outcomes, rectangles represent management actions, rounded rectangles 
represent factors with numerical objectives, and ovals represent factors outside of 
management control. Bolded polygons and arrows represent outcomes and factors limited to 
the National Elk Refuge (NER). Available standing forage on the NER (dashed rectangle) is the 
BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
 
Several hypotheses have been posited for the observed increase in the proportion of the JEH 
currently wintering on the NER, including increased wolf presence on native range and an 
increasing segment of short-distance migratory elk in the JEH. Elk wintering on native range 
may have been displaced as the wolf population reintroduced into Yellowstone NP increased in 
abundance and their range expanded. Most native winter range of the JEH is north of the NER 
and south of Yellowstone NP. As predation pressure increased on more northerly winter range, 
elk moving to areas of lower predation risk likely moved south and encountered feeding 
operations at the NER. If wolves are deterred by frequent presence of agency personnel 
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conducting feeding operations, feedgrounds may continue to attract elk due to lower predation 
risk than native range (citations; check Creel and Winnie 2005).  
 
The JEH comprises both short-distance and long-distance migratory elk segments. Short-
distance migratory (SDM) elk summer within 8–10 km west and northwest of the NER, winter 
predominantly on the NER, and migrate relatively late to winter range relative to long-distance 
migratory (LDM) elk (Cole et al. 2015). From 1978 to 2012 the proportion of the JEH comprising 
SDM elk increased from ≈1% to 41%, with the increase correlated with greater calf:cow ratios in 
SDM elk segments than LDM elk segments (Cole et al. 2015). The proportion of SDM elk in the 
JEH has simultaneously increased with the increasing proportion of the JEH that winter on the 
NER, leading to the hypothesis that the recent increase in the proportion of the JEH on the NER 
during winter is largely attributable to growth of the SDM elk segment. 
 
The relationship between the observed increase in proportional winter use of the NER by 
wintering JEH elk and harvest pressure is less clear. “In recent years, hunting seasons have been 
designed to protect long-distance migratory (LDM) elk while increasing harvest of SDM elk. 
Since 2012, no limited quota any-elk licenses have been offered in the hunt areas that focused 
hunting pressure on LDM.  Hunter numbers since 2012 (2012–2014) averaged 2,985 hunters.  
Although hunting seasons and quotas have become more conservative for the areas where 
LDM are more vulnerable, the hunt units for the SDM have been liberalized through the 
addition of license types and extending season lengths to the end of January (Hunt Area 78)” 
(Cole et al 2015).  Despite these efforts to modify harvest pressure, the proportion of the JEH 
wintering in NER has increased significantly since 2000.  
 
Elk calf winter survival and forage deficits 
Elk calves are disproportionately susceptible to winter mortality compared to older elk age 
classes (citations), although factors that influence calf survival are not unique to this age class 
(Fig. 3).  Calves have lower body fat reserves than adults at winter onset, which makes them 
more susceptible to limited forage supplies and starvation-related mortality.  Lower surface 
area to volume ratio associated with smaller body size also facilitates heat loss and necessitates 
greater energy expenditures to maintain body temperature relative to adults.  Inexperience can 
make elk calves more susceptible to predation by wolves and mountain lions.  Weakened 
condition associated with nutritional stress can also increase susceptibility to predation, 
infectious diseases and parasitism (citations).   
 

Commented [WJ7]: Need to paraphrase. 
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Figure 3. Influence diagram depicting factors (including management actions) influencing bison 
and elk fed days on the National Elk Refuge (see text for description) and winter calf elk 
survival. Gray hexagons represent outcomes, rectangles represent management actions, 
rounded rectangles represent factors with numerical objectives, and ovals represent factors 
outside of management control. Bolded polygons and arrows represent outcomes and factors 
limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed 
rectangle) is the BEMP criteria with a defined threshold to trigger initiation of supplemental 
winter feeding. 
 
Winter survival of calf elk is higher in feedground areas than on native winter range (Smith and 
Anderson 1998, Hobbs et al. 2003). The public has become accustomed to higher winter calf 
survival on the NER, and respond negatively during winters when survival is noticeably reduced 
(E. Cole, pers. comm.). While not explicitly defined as a desirable outcome in the BEMP, the 
Over-Winter Mortality Model of Hobbs et al. (2003) made predictions regarding elk mortality as 
a function of forage deficits.  For example, the model predicted 4% calf mortality during an 
average winter with JEH population of 6,000 and 42% calf mortality during a severe winter with 
18,000 elk in the JEH. Conversely, adult cow mortality ranged from 1% to 25% in the same 
scenarios. Making adjustments to the criterion used to initiation winter feeding will therefore 
likely disproportionately affect calf survival, making it an important demographic rate to 
monitor to help minimize unacceptable declines in elk calf winter survival while progressively 
transitioning bison and elk from intensive supplemental feeding. Moreover, it provides a means 
of validating models from Hobbs et al. (2003), which was integral in development of the BEMP.  
 
Adaptive Management Plan Approach  
 



9 
 

The AM approach considers management as an ecological experiment, incorporating learning 
as part of management to reduce existing uncertainties regarding how the system responds to 
management actions (Macnab 1983, Walters 1986, Nichols and Williams 2006). Conflicting 
ideas of system dynamics can be formalized as competing models and tested through 
implementation of management actions designed as hypothesis tests (citation from AHM). 
Conversely, if a system is relatively well understood, the AM process may include a single model 
with management experiments intended to increase understanding of known primary system 
drivers. For example, winter feeding is believed to be a primary determinant of elk distribution 
in the Jackson Hole area, but considerable uncertainty exists regarding how elk behavior, and 
resultantly winter distribution, will respond to changes to winter feeding on the NER.  
 
This AM plan acknowledges conditions identified within the BEMP relevant to this plan that are 
already being met, i.e., forage production on the NER and JEH population, and does not address 
them further. Similarly, current bison harvest management is likely to achieve the bison 
population objective in the near future, and therefore is also not considered further.  The focus 
of this AM plan is altering the winter distribution of elk to minimize disease threat currently 
associated with winter feeding. This will result in progressively transitioning elk and bison from 
winter feed on the NER to being predominantly reliant on free-standing forage (USFWS 2007a). 
Considerable uncertainty exists regarding the timing of that transition, with conflicting 
objectives of minimizing bison-elk-cattle mingling on private lands, minimizing publicly 
unacceptable elk winter mortality events, and achieving winter distribution objectives to 
minimize threat of non-endemic diseases. 
 
AM Plan Scale  
 
Elk have been fed all but nine winters on the NER since 1912, and bison have been fed there 
since 1980.  As a result, elk and bison have been conditioned to seek supplemental food on the 
NER, even when natural forage may be available. Considerable uncertainty exists regarding how 
to modify this behavior on both temporal and spatial scales. Elk demonstrate high fidelity to 
winter range (Smith and Robbins 1994) and are relatively long-lived (Houston 1982). For 
example, based on current estimates of annual JEH cow elk survival, nearly 40% of individuals 
alive in a given winter would be alive five years later (Cole et al. 2015). This results in 
generational time scales necessary for implementation of management actions and monitoring 
of response to those actions. To account for the expected lag in behavioral response to changes 
in winter feeding it is believed that those changes need to occur during 3–6 year treatment 
blocks (i.e., conduct 3–6 years of winter feeding with the same initiation criteria). More 
immediate progress toward ‘progressively transitioning from intensive supplemental winter 
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feeding to greater reliance on free-standing forage’ will be quantified based on the number of 
elk-fed and bison-fed days (EFD and BFD; see description below).   

It is assumed individuals that have learned to rely on supplemental feed will be relatively 
tolerant of proposed changes to winter feeding. If this assumption is correct, changes to winter 
feeding will incrementally reduce the proportion of individuals in the JEH wintering on the NER 
by two primary mechanisms. First, an unknown proportion of adults will disperse from the NER 
in response to changes to winter feeding. This scenario provides the greatest potential for 
conflict as animals move off of the NER onto adjacent private lands in search of forage. Second, 
the proportion of individuals that learn to rely on winter feeding will be reduced. For example, 
shorter feed seasons will decrease the probability that calves will encounter, and learn to 
expect, winter feed on the NER. Over time this will lead to a greater percentage of elk utilizing 
native winter range instead of NER feedgrounds.  

This plan is implementing the Winter Distribution management strategy, which includes 
primary management actions that will occur both on and near the NER (e.g., NER winter 
feeding changes and private lands co-mingling mitigation). The spatial focus of individual 
actions will therefore vary from the NER, Grand Teton NP, Bridger-Teton National Forest (NF), 
and on non-federal lands in collaboration with land owners and WGFD.  
 
Management Actions 
 
Alternative management actions were identified during meetings held at the NER in 2013 and 
2014 with NER, Grand Teton NP, WGFD, and Bridger-Teton NF representatives. Actions were 
grouped into management strategies, i.e., collections of actions that form complete and 
comparable alternatives (Gregory et al. 2012). A summary of management actions and 
strategies is provided in Appendix I. 
 
A diverse suite of potential management actions were considered and three primary strategies 
were created (Appendix I). The Winter Distribution strategy was selected for implementation 
within an AM framework because it was most consistent with the intent of the BEMP and the 
emphasis on winter feeding as a driver of winter elk distribution. This includes 1) alteration to 
the winter feeding initiation criteria, 2) continuation of late-season elk and bison hunts on NER, 
3) increased private lands work to mitigate co-mingling, and 4) increased public outreach. 
 
Winter feeding criteria— 
Current feeding initiation criteria are based on monitoring available forage at key index sites. 
When average available forage declines below 300 lbs. per acre at key index sites, biologists 
have recommended to NER and WGFD managers that feeding should be initiated.  Key index 
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sites are not randomly selected, but instead represent areas with the highest quality forage, 
which are heavily used by elk.  Future monitoring will include key index sites to facilitate 
comparison with past data collection, but will add additional spatially-balanced random sites 
stratified by plant community type to sample available forage in an unbiased manner.   The 
feeding initiation threshold will be changed from 300 lbs. per acre to 150 lbs. per acre.  We 
estimate that this will result in an average delay of X days in supplemental feeding initiation 
date at current NER elk and bison population levels.  
 
Current feeding termination criteria are subjective.  Typically the last day of supplemental 
feeding occurs within one week of the first day that snow pack reaches zero at the NER 
Headquarters snow monitoring site.  Monitoring will be enhanced to better quantify feeding 
cessation date including the use of photo points to quantify percent snow versus bare ground 
on NER and southern GTNP, but average feeding cessation date will remain unchanged in the 
implementation of the AM plan. 
 
Late-season elk and bison hunts— 
Brief paragraph on current late season hunt management and any changes that may occur. I 
thought there wasn’t much more that could be done on this front, so above stated there 
wouldn’t be meaningful changes – if that is not the case need to correct that.   
 
Private lands co-mingling mitigation— 
Brief paragraph on proposed efforts to mitigate co-mingling – may be some text below useful 
for this. We need to make sure the co-mingling mitigation tools are articulated and 
implementable; this can be started as soon as possible so that when we start adjusting feeding 
to change elk distribution we are a bit ahead of the game.  
  
 
Public outreach— 
Brief paragraph on proposed PO efforts – may be some text below useful for this. Should also 
include the public conflict monitoring as our means to track this (same for private lands 
mitigation?). 
 
OBJECTIVES 
 
This adaptive management plan is a step down plan of the Bison and Elk Management Plan 
(USFWS 2007a), utilizing National Environmental Protection Act (NEPA) approved objectives 
from the BEMP. BEMP objectives relevant to this plan are:  
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“By year one, develop a structured framework, in collaboration with the Wyoming Game 
and Fish Department, of adaptive management criteria and actions for transitioning 
from intensive supplemental winter feeding of bison and elk herds to greater reliance on 
natural forage on the refuge. Establish objective criteria for when supplemental feeding 
will begin and end in years when needed on the refuge.” 
 
“Implement a phased approach to reducing the number of animals on feed while 
achieving the state’s population objectives. The first phase objective will be to reduce the 
number of elk on feed on the National Elk Refuge to approximately 5,000 and achieve a 
target population of approximately 500 bison. The second phase objective will be to 
adaptively manage bison and elk populations to achieve desired conditions, with animals 
relying predominantly on available native habitat (on refuge, park, and forest lands) and 
cultivated forage (on the refuge).”  

 
The adaptive management process provides a framework for learning from management 
outcomes, i.e., learning is an objective of implementing adaptive management (DOI AM 
citation?). Therefore, the AM plan has additional objectives for increasing understanding of the 
relationship 1) between the timing of winter feeding initiation and elk winter distribution, and 
2) calf winter survival and per capita available forage at initiation of winter feeding. The latter 
provides an indirect validation of the Hobbs et al. (2003) models and simulations that provided 
initial estimates of the number of elk the NER could support during winter without incurring 
forage deficits.   
 
MODELS OF SYSTEM DYNAMICS 
 
Population of Interest 
A succinct and precise definition of the populations of interest is essential for developing 
models of system dynamics and appropriate monitoring, and determining if objectives are 
being met. Bison and elk populations of interest differ slightly in definition as stated in the 
BEMP objectives. The bison objective is for the post-hunt population within the Jackson Hole 
area (the Jackson Bison Herd [JBH]), inclusive of the NER. Conversely, the elk population 
objective for the NER is specific to the number of animals on feed at the refuge, and is a sub-
objective within the broader Jackson Elk Herd (JEH) (Fig. 4) post-hunt objective set by the 
Wyoming Game and Fish Commission (a governor-appointed policy-making board). Elk herd 
unit boundaries are determined by the WGFD and represent population boundaries where 
there is an estimated annual interchange with surrounding herds of <10% (Emmerich et al. 
2007).  Approximately 65% of the JEH winters on the NER based on February classification 
counts (see below for definition of classification counts; USFWS & WGFD unpubl. data). The 

Commented [CE15]: I like this addition 



13 
 

Jackson bison herd primarily winters on the NER (~90%), but range much further during the rest 
of the year (USFWS & WGFD unpubl. data) (Fig. 4).  
 
Determining if the BEMP population objectives are being met requires periodic estimates of the 
populations of interest. There are two components to the population objectives that need to be 
considered — where animals are and when they are there.  The BEMP bison population 
objective is the same for the JBH as it is for the NER, i.e., there is not a sub-objective specific to 
the NER as there is for elk. Moreover, the bison population objective is less temporally specific 
than that for elk, the former being an annual post-hunt population objective and the latter 
being defined based on the number of animals on feed. This aspect of the elk objective 
increases the difficulty in estimating the population of interest due to movements of animals 
into and out of feedgrounds during winter feeding. More importantly, the amount of time elk 
are on feed varies among years.   
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Figure 4. Jackson Elk Herd unit boundary, including the National Elk Refuge and Grand Teton 
and Yellowstone National Parks. INCLUDE BISON RANGE IN THIS FIGURE. 



15 
 

While not explicitly stated, the BEMP assumes annual classification counts would be used to 
determine if population objectives were being met, i.e., as a proxy for the number of elk on 
feed at the NER. Classification counts are a coordinated census of the JBH and JEH, 
collaboratively undertaken during early February by WGFD and the NER. These counts are 
undertaken during a single survey period and do not necessarily represent either peak or 
cumulative abundance (i.e., the greatest number of animals present on a single day during a 
winter, or the sum total of animals present throughout a winter, respectively) of bison or elk on 
feed. Elk and bison are enumerated by age and sex classes, providing population class structure 
information as well as overall abundance. A 5-10% difference typically exists between the 
classification count estimate and the daily number of elk on feed during peak abundance. Peak 
elk abundance on the NER during 2007–2013 occurred late February through the first week of 
March (USFWS unpublish. data) (Fig. 5). Proposed changes to winter feeding that would result 
in a later initiation of feeding could increase the difference between when the classification 
count is conducted and peak numbers of elk on feed. Proposed changes could also result in 
initiation of feeding on the NER after the classification count has been completed in some 
years. Lastly, the classification count may be replaced in the near future by survey (i.e., not a 
census) methodology used elsewhere in the state by WGFD for estimating elk abundance. The 
new survey methodology may not provide suitable NER-specific estimates of elk abundance for 
determining if NER population objectives are being met.  
 
Beyond logistical or methodological considerations, a single elk population estimate in time 
would not adequately capture the dynamic nature of elk abundance in relation to winter 
feeding on the NER. For example, 5000 elk on winter feed (the current BEMP Phase 1 objective) 
for three months would likely have a greater impact on NER habitats than 5000 elk on feed for 
a single month. The BEMP Phase 1 elk population objective is not defined by time, leaving it 
open for interpretation whether the objective was intended as a mean number of animals fed 
during a winter, a maximum number fed, or a cumulative number fed. To address this issue 
while staying within the implied intent of the BEMP, we chose elk-fed days (EFD; the cumulative 
number of elk fed during a feeding season) for determining if the elk population objective is 
being met. This number combines both the spatial and temporal aspect of animals on the NER, 
providing better accounting of potential effects than a single classification count. It is also 
believed that this is more consistent with winter carrying-capacity projections estimated in 
Hobbs et al. (2003). The Phase I objective of 5000 elk on feed is defined relative to elk-fed days 
as  
 

𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑑𝑑 ∗ 5000 elk, 
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where d is the mean number of days of feeding from 1995–2007 (64 days [SD = 22]). This time 
span was selected to maintain consistency with the data used in developing the BEMP. The 
benchmark historical value is then 320,000 EFD. Bison-fed days (BFD) can similarly be calculated 
as 31,500 BFD for bison using d = 63 days (SD = 22) and the bison population objective of 500 
animals. This latter value provides an important historical perspective on winter feeding of 
bison and can assist in determining efficacy of management actions toward accomplishing the 
bison objective; post-hunt bison abundance will be the definitive number used for determining 
if the bison population objective is being met.   

 
Figure 5. Mean daily elk abundance on the National Elk Refuge during winter feeding, 2007–
2013. Data are from feedline counts for calendar dates where feeding occurred during all 
years, i.e., February 12th (calendar date 43) through March 21st (calendar date 80). Counts 
were conducted from feeding equipment.   
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Models 
Models provide a simplified representation of the biological system being managed.  
Adaptive management uses models of the managed system to link the objective response (e.g., 
elk winter distribution) to changes in the system resulting from management actions (e.g., 
altered initiation of winter feeding).  
 
Paragraph on sources of error if needed? Should include process error in calf survival model. 
 
Elk winter distribution model 
The proportion of the JEH that winter on the NER will be linked to factors hypothesized to 
influence elk winter distribution (Fig. 2) using a generalized linear mixed effects model (GLMM). 
A GLMM can account for a proportional response variable (i.e., constrained to the interval 0–1) 
using a log link and binomially-distributed errors. A GLMM also includes fixed and random 
effects, with the latter capturing residual model variance otherwise not explained by fixed 
effects. Year will be including as a random effect, providing several benefits. First, we don’t 
assume years are independent and comprise all of the factor levels of interest. Instead, the 
effect of year is treated as a random variable, with individual year effects realizations of that 
distribution. This allows inference to non-sampled factor levels, i.e. years, by estimating a latent 
population-level proportion of elk expected to winter on the NER regardless of fixed effect 
influences. Thus, the random year effect can be considered a latent variable describing elk 
behavior manifested as observed winter distribution. Second, because year effects are not 
treated as independent, estimated effects of year on the proportion of JEH elk wintering on the 
NER are dependent on all factor levels, leading to greater precision when estimating individual 
year effects (Kéry 2010).  
 
The full GLMM incorporating fixed effects for each factor identified as influencing elk winter 
distribution (Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐸𝐸𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝐸𝐸𝑆𝑆𝑡𝑡 + 𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝐸𝐸𝑡𝑡 + 𝜀𝜀𝑡𝑡 
 
where the random intercept and residual model variance are 
 

𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0
2 ), and 

 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  

 

Commented [WJ16]: I’m not comfortable with this 
interpretation yet and need to think about it some more.  

Commented [WJ17]: This doesn’t currently have a term for 
hunting, although our conceptual model above does. Need to 
decide if we want to include or exclude here. 
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Fixed effects include 1) per capita available forage at initiation of winter feeding (AFI) , 2) 
proportion of the JEH that are short-distance migrants (SDM), 3) number of wolf packs present 
on JEH native winter range (WP), 4) growing season (May–August) precipitation for the 
Wyoming Snake Drainage climate division (GSP; a proxy for available forage on native winter 
range), and 5) snow water equivalent on 1 January at Thumb Divide (SWE; a proxy for early 
winter severity).  
 
Elk calf winter survival and forage deficits 
The Forage Accounting Model of Hobbs et al. (2003) has as an output weekly available forage 
biomass for the NER (sum of predictions for 30 × 30 m cells). These predictions account for 
snow conditions using a proxy of SWE and decrement total available biomass by 35% to account 
for unpalatable plants within the total estimate.  
 
While calf survival is a function of multiple factors (Fig. 3), the primary management action 
influencing calf survival is supplemental winter feeding. Current winter feeding initiation 
criteria lead to calf survival generally higher than in unfed populations. Proposed feeding 
initiation criteria will result in later initiation of supplemental feed, which will be most 
influential to calf survival. There is currently little understanding regarding the relationship 
between initiation of winter feeding and calf survival, except that current feeding initiation 
criteria result in high calf survival. We believe a threshold level of available forage at initiation 
of winter feeding exists such that winter calf survival reaches an asymptote. Below this 
threshold, calf survival is hypothesized to decline quickly with reductions in available forage at 
winter feeding initiation. Available forage at the initiation of winter feeding will be related to on 
elk calf winter survival using a saturating function (i.e., Holling type-II functional response; Fig. 
6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐸𝐸𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐸𝐸𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf survival is related to available forage. Maximum 
calf survival is a, and b represents the value of available forage to an individual when survival is 
50% of a (Hilborn and Mangel 1997).  

Commented [WJ18]: Will need a more formal explanation of 
these variables and how they will be collected. May fit best in the 
monitoring section. 

Commented [WJ19]: If we use Hobbs’ model for predicting 
available forage these may be redundant. 

Commented [WJ20]: Put in winter feeding initiation paragraph 
above? Then note where more samples are necessary to improve 
the precision of the estimates. Need to run this model from 2007 
forward to see where, on average, feeding was initiated so we can 
make treatment adjustments as necessary. This would also allow us 
to look at the relationship between key index sites estimates and 
Hobbs’ predictions. Need to consider validating Hobbs’ model with 
field sampling Eric is currently designing to see if we can use the 
Hobbs model moving forward. This would take some time with 
stripping the Hobbs model down to our needs, identifying data 
sources, and developing a workflow process so weekly estimates of 
available forage can be calculated. Would only be able to use snow 
data from SNOTEL sites that have data available online, which 
shouldn’t be too much of a problem.  
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Figure 6. Hypothesized relationship between winter survival of elk calves and per capita 
available forage at initiation of winter feeding on the National Elk Refuge.  
 
Although this approach doesn’t capture forage deficits per se, it does provide a potentially 
sensitive proxy for this concept. It is assumed that a forage deficit for calves would occur at a 
point on the curve of the relationship between calf survival and available forage at initiation of 
supplemental feeding. Modeling the response of winter calf elk survival to changes in feeding 
initiation criteria facilitates our ability to maximize the influence of feeding initiation criteria on 
winter distribution while minimizing the likelihood of a large mortality event.   
 
MONITORING 
 
Feeding Initiation Monitoring:   Using existing ocular estimate methods with 10 sub samples 
per monitoring sites to determine average available forage (lbs. per acre).  Additional observers 
will be added to train people other than Eric Cole on methods and develop error estimates. 
Additional monitoring sites will be added to increase sample size, increase precision of 
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estimated available forage, and represent the entire south end of NER stratified by plant 
community type.  Sampling will be weekly starting in late December and continuing until 
feeding is initiated (or perhaps for some time after feeding is initiated).  The Hobbs forage 
accounting model will be run concurrent with field data collection, and field data will be used 
for model validation.  Developing a relationship between field measurements and Hobbs model 
methods might lead to reliance on modeling techniques rather than field data collection to 
estimate available forage in future years. 
 
Proportion of Elk Wintering on NER: NER and WGFD annual elk classification count trend data 
will typically collected in February each year will continue to be the way that we measure the 
proportion of elk wintering on NER relative to the rest of the JEH. 
 
EFD and BFD: I assume derived from daily feedground estimates for each species cumulatively 
added across the number of days fed.  Alternatively average of daily animals on feed multiplied 
by the total number of days.  Alternatively classification count data for NER multiplied by total 
number of days fed.   Precision of daily elk and bison estimates could be improved by using 
multiple observers several times per year or possibly conducting classification count like counts 
multiple times per year where only totals were obtained.  
 
Elk Winter Mortality Monitoring: Current census of all elk winter mortalities on NER will 
continue (comparable data collection back to 1981).  Calf mortality is key variable of interest, 
but total, calf, adult cow, mature bull, and spike bull age class mortality will continue to be 
monitored as well.  Potential criticism is that if we anticipate movement of elk off NER as a 
result of changes to the feed program but only monitor elk mortality on NER, then we are not 
accounting for the effects of management actions on elk mortality.  Costs are minmal and 
associated with in kind NER staff levels unless sampling were to be expanded off NER in which 
case costs would increase. 
 
Elk Collaring: 30-40 adult cow elk will be collared on NER feedgrounds during February-March 
2016.  Elk will be collared with Telonics Irridium GPS collars.  Approximate costs per collar 
including drop off mechanism and Iridium subscription $2,600 per collar. We will likely forgo 
VHF beacons on collars to avoid red tape associated with frequncey approval and extend collar 
life.  Anticipated collar life 2-3 years. Approximately 10 additional elk per year in subsequent 
years will be captured to maintain 30-40 elk in the sample.  GPS collar data will be used to: 
1)Determine the summer range proportions of elk that winter on NER. 2) Evaluate elk 
behavioral response to changes in the feeding program ie when and where do elk leave NER.  
3)Capture efforts will facilitate collection of important ancillary biological information 
(brucellosis seroprevalence, pregnancy rate, DNA samples, etc.) 
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Wolves: Given potential importance as a covariate, estimates of total wolf numbers and the 
total number of wolf packs in the JEH unit will continue to be important.  Jurisdiction of 
monitoring data remains in flux due to litigation. 
 
Disease: Given ‘healthy- elk goal. Continued CWD monitoring in the JEH is warranted.  Current 
baseline brucellosis seroprevelance for elk the winter in NER is needed.  This would be 
facilitated by large scale elk capture in 2016 to deploy GPS collars.  Costs to continue current 
level of CWD surveillance in the JEH is approximately $32,000 per year. 
 
Trumpeter Swans Using the Visitor Center Ponds: I view this as the linchpin to evaluating the 
success of our activities on the refuge.  The number of cattails in these ponds and their effect 
on Jackson Hole tourism is also keeping me awake at night.  Estimated annual cost for 
monitoring:  $222,000 
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Need to articulate that the primary issue to be addressed with this plan is how to alter elk 
behavior so that the desired winter distribution is achieved. Only once that is done can the 
questions regarding what number of elk the NER can support while achieving habitat 
objectives be visited. Already at JEH objective, and nearing JBH objective.  
 
The bison population objective of 500 animals post-hunting season was determined based 
largely on maintaining genetic heterozygosity while minimizing other conflicts (USFWS 2007a). 
Unlike the second phase elk objective, the bison objective is independent of additional criteria 
defined as desired conditions.  
 
 

APPENDIX I 
 
Development of Alternative Management Actions and Strategies 
Alternative management actions were identified during a meeting of stakeholders at the NER 
22 May 2013. Alternative actions, and constraints, were developed for the NER winter elk 
population and the JBH. A series of further meetings (25 July, 20 August, 12 September, 23 
October, and 13 November 2013, and 22 January, 24 February, and 7 April 2014) were held to 
create management strategies, i.e., collections of actions that form complete and comparable 
alternatives (Gregory et al. 2012).  
 
Reference case—It is helpful to identify a reference alternative that captures the recent and 
ongoing management actions that have led to the current state of the system for comparing 
with new alternatives that are developed. Ongoing management actions include winter feeding, 
irrigation, harvest, and hazing.  
 
Big game population objectives in Wyoming are evaluated and updated at least every five 
years. Objectives represent the preferred number of animals during winter within a herd unit 
(e.g., the Jackson Elk Herd) and are determined based upon multiple factors, including 1) 
available habitat to support the defined population, 2) hunting access, and 3) tolerance for 
wildlife on private lands by landowners (Tassell et al. 1995). Public input on proposed 
population objectives is obtained during public hearings. After the hearings the proposed 
population objectives are sent to the Wyoming Game and Fish Commission for review and 
approval. The NER, GTNP, and Bridger-Teton National Forest (BTNF) have participated in WGFD 
big game population objective review and revision processes in the past for both the JEH and 
JBH. These federal agencies will continue to participate in objective setting for the JEH and JBH 
populations. 
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The current JEH winter feeding program includes two groups of feedgrounds – one on, and 
managed by, the NER, and the second managed by WGFD. The latter are the Alkali, Fish Creek, 
and Patrol Cabin feedgrounds, collectively known as the Gros Ventre feedgrounds, located on 
BTNF lands. Initiation of feeding is currently conservative, i.e., has the primary objectives of 
minimizing elk 1) winter mortality of the most susceptible group, calves, and 2) comingling 
issues with cattle on adjacent private lands. Winter feeding begins when available forage 
reaches approximately 300 lbs acre-1 at key index sites. Available winter forage for elk and bison 
on the NER is largely determined by snow conditions, rate of forage consumption during fall 
and winter, and biomass of forage produced during the previous growing season.  
 
Forage biomass (metric tons) is correlated with the amount of precipitation (mm) during May–
August (𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 50.31, R2 = 0.91; 1995 and 1998–2006, NER unpubl. data), and secondarily 
affected by the number of irrigated acres.  Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–2013, and in recent years irrigation of 
approximately 3,600 acres has increased forage production by approximately 10% compared to 
what would have been produced with precipitation alone. Estimation of forage biomass is done 
annually based on sampling at index sites. Index sites are selected subjectively each year based 
on presence of vegetation highly palatable to elk such as naturally sub-irrigated wet meadows, 
irrigated areas with significant green vegetation, and in years with adequate late summer/early 
fall precipitation, native dry grassland plant communities with basal green up.  
 
During 1995–2013, mean initiation of winter feeding on the NER was 28 January, ranging from 
30 December to 28 February. Mean termination of winter feeding during this same period was 
3 April, ranging from 20 March to 20 April. Initiation and termination dates vary widely based 
on winter conditions. Excluding years in which feeding did not occur, mean initiation and 
termination dates for winter feeding during 1976–2013 at the Gros Ventre feedgrounds 
occurred during the second week of January and first week of April, respectively (Table 1). This 
resulted in approximately 3 months of feeding each year.  
 
Table 1. Winter feeding mean initiation and termination dates and total days for the Gros 
Ventre feedgrounds managed by Wyoming Game and Fish Department. Standard deviations 
are provided parenthetically. 
Feedground Initiation Date Termination Date Total Days 
Alkali 10 January (18.8) 7 April (13.5) 89 (23.5) 
Fish Creek 9 January (12.3) 4 April (17.1) 85 (21.0) 
Patrol Cabin 11 January (13.5) 4 April (11.6) 84 (19.0) 
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Winter feeding coordination between the NER and WGFD occurs annually. Feeding in the Gros 
Ventre feedgrounds is targeted specifically to assist in keeping animals from moving to the NER; 
for example, animals are more likely to move to the NER if feeding is occurring there and not at 
the Gros Ventre feedgrounds, where the opposite up-slope migration is less likely. Termination 
of feeding at feedgrounds needs to be coordinated so animals moving to the NER after feeding 
ends on the Gros Ventre feedgrounds do not remain at the refuge. This coordination will 
continue regardless of the management strategy employed.  
 
Bison are fed as necessary to ensure elk are adequately fed. Bison out-compete elk for forage 
resources, so the typical strategy is to keep bison at the northernmost NER feedground 
(McBride) by feeding them prior to feeding elk. Bison are fed separately from elk and are given 
a ration adequate to ensure they do not move to elk feeding areas. This also influences 
distribution of bison in the winter, reducing conflict associated with bison moving into 1) 
Jackson, and 2) the Nowlin unit of the NER where commercial sleigh rides occur.  
 
Total harvest of the JEH was reduced over the last decade as the population objective was 
reached (Fig. 4). Elk hunting on the NER (Hunt Area 77) typically begins in mid-October and 
ends in mid-December, with peak harvest in recent years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 (SD = 56) hunters harvested 161 (SD = 38) elk 
per year during the NER hunt.  
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Figure 4. Jackson elk herd estimated harvest, 2002–2011. 
 
Associated with harvest on the NER, “tag and drag” is a retrieval service currently provided by 
two licensed outfitters. They are also licensed to guide on the NER. This program will continue 
regardless of the management strategy employed.   
 
Hazing of elk is currently only undertaken in spring to encourage elk (and bison) to move off of 
the NER. Attempts at post-hunting/pre-feeding hazing of elk to the north part of the refuge 
occurred (e.g., 2005–2006), but were largely ineffective with elk generally returning the 
following day to the south end of the NER. These efforts included hazing using ATVs, on foot, 
and on horseback. Reducing spring hazing to increase early-season harvest was considered as a 
potential action but not included due to 1) the perception that the loss of forage on the Refuge 
by resident elk during summer would offset gains due to increased harvest, 2) presence of 
wolves on the northern end of the Refuge may preclude the desired response of reduced 
hazing to keep elk on the north end of the Refuge, and 3) recently observed aspen recovery 
could be reduced if elk use increased on the north end of the Refuge.  
 
Fencing of hay stacks and livestock feedline areas has historically been used to mitigate conflict 
on private lands. Fencing as mitigation on private land will continue in a targeted fashion. For 
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example, a proposed mitigation in the Horse Creek area would involve a land trade with a 
private landowner to move livestock winter feeding operations off of a south facing slope that 
is a movement corridor for elk. Fencing three sides of the private land would separate the 
corridor from the livestock feedline. Targeted fencing of golf course greens and sand traps fall 
through spring has been successful in some situations for mitigating elk and bison presence in 
these areas. It is important to note that the county has a ‘wildlife-friendly’ fence policy and 
does not support fencing impermeable to wildlife. 
 
The outcome of the reference case described above for elk abundance and distribution during 
winter in the JEH is shown in table 2. Population objectives for the two feedground complexes 
are provided, as are annual elk abundances as measured during the classification count. The 
data presented in table 2 demonstrate the potential for reaching the Phase 1 NER winter elk 
population objective of 5,000 while remaining within the JEH objective of 11,000 (±10%). 
 
Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2013, relative to the current objective. 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range* 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 

*Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 
  
Bison numbers grew exponentially from the 1970s until recently, peaking at 1059 animals in 
2007 (Fig. 5). Recent declines in the number of bison are largely attributable to increased 
hunter harvest on the NER. Bison hunting begins on August 15 and ends in early to mid-January; 
no bison hunting is allowed in GTNP, resulting in bison often staying in the park during the 
hunting season with only occasional movements onto the NER until severe winter conditions 
occur. Given this situation, harvest management balances extending the hunt as late in January 
as practicable without conflicting with winter feeding. The dynamic nature of winter conditions 
makes this unpredictable, and results in the use of emergency bison season extensions or 
reductions. For example, an emergency extension of the season (no later than 31 January) 
could occur if mild winter conditions precluded desired harvest levels earlier in the season. 
Conversely, an emergency closure may be necessary if winter weather conditions require 
feeding to commence before the predetermined season end date. 
 
Most bison harvest occurs on the NER, with some additional harvest on private and BTNF lands.  
Since the initiation of the bison hunt in 2007, mean harvest has been 210 (SD = 45.5) bison per 
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year.  This level of harvest has been sufficient to arrest the exponential growth of the 
population, reducing bison numbers from the peak in 2007 to 855 animals in 2013 (Fig 5). 
Licensing changes for hunting Jackson Hole bison were enacted in 2014 to increase harvest, 
especially of bison females.  These included a reduction in the bison female/calf license fee 
(from $416 to $263 for residents and from $2522 to $1022 for non-residents) and eliminating 
the once-in-a-lifetime restriction on a successful bison hunter to only those that successfully 
harvested a bull. Tribal bison harvest is currently defined in the BEMP to permit up to five 
animals for ceremonial purposes; tribal harvest generally occurs outside of the state bison 
season. Translocation of bison to tribal lands outside of Teton County is not currently permitted 
due to brucellosis concerns.  

 
 
Figure 5. Bison winter population in the Jackson Hole area, 1970–2013.  
 
Bison would likely occupy the Refuge year-round without management intervention, but as a 
result of hazing by refuge staff and disturbance by hunters, peak bison activity on the NER 
occurs January–April each year.  If bison fail to leave the NER following the cessation of 
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supplemental feeding they are typically hazed off the Refuge using all-terrain vehicles (ATVs) in 
late April to early May.  Hazing moves bison to GTNP, where they generally remain until mid-
July. From July to early August bison that return to the NER are hazed back to GTNP to protect 
forage for elk during the winter months. Hazing efforts in August cease within several days to 
weeks of the bison season in an effort to increase hunter harvest.  
 
National Elk Refuge 
Alternative management actions identified for meeting the NER winter elk population objective 
can be grouped into four categories, including 1) winter feeding management (both on and off 
the NER), 2) population management (harvest, culling, and fertility control), 3) habitat 
improvements (on and adjacent to the NER), and 4) mitigating private lands conflicts 
(leases/easements, incentives, fencing) (Table 3). The latter represent sequenced alternatives 
that would be necessary to implement due to wintering elk dispersing onto private lands 
adjacent to the NER in response to other management actions taken. A fifth group of 
alternatives associated with increasing public awareness (including local elected officials, e.g., 
county commissioners) of ‘natural’ levels of elk winter mortality were included after the 
meeting. These actions represent acknowledgement that the current feeding program results in 
reduced winter mortality, perhaps exacerbating already low public tolerance to increased 
winter mortality, whether episodic or perennial in nature. This group was expanded to include 
more targeted education and outreach efforts for landowners, sportsmen and agencies, and 
the WGFD Commission, depending on the strategy.  Lastly, a group for each of monitoring and 
enforcement were included to allow proper accounting of projected costs associated with each 
management action strategy.   
 
Table 3. National Elk Refuge winter elk population strategy table for identifying alternative 
management action strategies. Ongoing management actions that will be continued 
regardless of strategy selected are not included in the table; descriptions can be found in the 
‘Reference case’ description within the text. 

  

Reference 
Case 

NER-
focused 

Southern herd 
segment 
mngmnt 

Late 
Season 
Harvest 

Winter feeding management  
   No change X 
 

X X 
Less conservative (NER)  X 

  Population management  
   No change X 
   Increase harvest objectives in Hunt 

Areas 77 & 78  
 

X 
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Late-season refuge hunt (Hunt Area 
77)  X X X 
Coordinated late-season hunt (Hunt 
Areas 75, 77, 78, 80)    X 
Extend open period on Forest 
Service  

  
X 

Fertility control (Hunt Area 78 & 
GTNP South)  

 
X 

 Hunt Area 78 Hunter management 
program   X  

Habitat improvements  
   No change X 
   Fire management on NER and 

adjacent public land  X X X 
Private lands mitigation  

   No change X 
   Incentivize steer operations  X 

  Non-traditional landuse mitigation   X  
Public education/outreach (EO)  

   No change X 
   Increase public EO (including local 

elected officials)  X X X 
Increase landowner EO  X X 

 Increase sportsmen & agency EO   X  
Increase WGFD Commission EO  X X X 

Monitoring X 
   No change  X X 

 Increase  
   Enforcement  
   No change X 
   Minor increase  X X  

Major Increase  
  

X 
 
Winter feeding management—Management of winter feeding is a primary driver of elk 
distribution, and to a lesser extent abundance, in the Jackson Hole area. Feeding on the NER is 
initiated each year based on a series of factors, including the amount of forage on the NER, 
number of elk present, and snow conditions. Initiation of feeding is currently conservative (see 
Reference case, pg 5). A less conservative approach would result in later initiation of feeding, 
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therefore potentially increasing winter calf mortality and comingling. Including agronomic 
grassland plant communities without significant green vegetation and/or reducing the available 
forage threshold would result in a less conservative winter feeding program. Per capita ration 
levels would not change from the current level.   
 
Implementing a less conservative feeding program could result in very limited, or no, feeding 
given certain winter conditions. However, the criteria for a less conservative feeding program 
would not be such that it could be construed as ‘emergency feeding’, i.e., feeding only to 
preclude a catastrophic mortality event. Colorado, Idaho, and Utah provide examples of states 
that have emergency feeding policies. Existing evidence suggests that emergency feeding is not 
very effective (see review in Putman and Staines 2004). Moreover, the current feeding regime 
has been developed for non-emergency situations; a review of current rations and pellet 
composition would be necessary to adjust the program for emergency feeding.  
 
Population management—Hunter harvest is the primary tool employed for population 
management of elk and bison in Wyoming. Increased harvest objectives on/near the NER would 
target the southern segment (Hunt Areas 77 & 78), which is currently more productive (i.e., 
higher cow-calf ratios) than other JEH segments. Doing this would help achieve JEH objective 
while minimizing harvest on migratory segments. In order to track hunter harvest there would 
need to be an increase in monitoring, e.g., hunter self-registration.         
 
Elk hunting on the NER currently ends mid-December. Offering a late-season hunt (after 15 
December) would assist in deterring elk from moving onto the refuge. Without coordinated 
hunts in adjacent units (Hunt Areas 75 [GTNP], 78 and 80), and extended open access on BTNF 
lands in Hunt Area 80, the NER hunt would likely be ineffective in also significantly increasing 
harvest. Late-season harvest in Hunt Area 80 would include migratory Yellowstone elk, a 
declining herd segment of conservation concern. These proposed coordinated efforts would 
need to be approved by the Commission, BTNF, and GTNP.  
 
Fertility control was considered and rejected in the 2007 BEMP, so therefore could not be 
undertaken on federal lands without vetting in the NEPA process. Moreover, this action would 
need approval by the WGFD Commission prior to the state undertaking fertility control on 
private lands in collaboration with landowners in Hunt Area 78 and Grand Teton NP South 
would occur during summer on private lands. Research completed since signing of the BEMP 
indicates fertility control may be more tractable now than when it was considered during 
preparation of the BEMP. Killian et al. (2009) demonstrated effectiveness of GonaCon™, a 
gonadotropin-releasing hormone vaccine, in female elk. Dart-delivered 2 ml doses of 1000 μg 
GonaCon™ resulted in nearly complete infertility of females treated in September. Much of the 
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early research on this immunocontraceptive vaccine was for use in white-tailed deer, with 
regulatory approval of GonaCon™ for use in female white-tailed deer by the U.S. Environmental 
Protection Agency granted in 2010. There are no known dangers to humans or wildlife from 
eating animals that have been treated with GonaCon™. 
 
Most of the observed increase in segment population has occurred in the largely non-migratory 
Hunt Area 78 / Grand Teton NP south segment. Increased harvest in this segment would help 
address a number of issues, in addition to assisting in reaching Phase I objective. Harvest is 
nearly as liberal as possible at this time; the greatest limitation is hunter opportunity in 
residentially-developed areas. Elk use in those areas is increasing, necessitating continued 
collaboration with homeowner associations to improve hunter access within residential 
developments. Many associations have covenants that exclude firearms, but archery may be an 
option where firearms are excluded. There is also a growing constituency for trophy bulls in 
these areas.  
 
A hunter management program for Hunt Area 78 would coordinate private land access through 
a hunt manager as liaison to private landowners. This program would be modeled after similar 
programs in Montana, as well as several in Wyoming (Meteetse, Laramie Peaks, etc.).    
 
Habitat improvements—Habitat improvements discussed so far have focused on fire 
treatments on range adjacent to the NER to increase attractiveness of these areas to wintering 
elk. Opportunities exist for managed fire in certain areas, but opportunities for prescribed fire 
are limited. Fire treatments in lynx habitat would not be possible, therefore it would be 
necessary to determine if a conifer stand was suitable lynx habitat as based on tree cover. 
Conversely, areas within sage grouse core habitat (i.e., within a 4 mile radius of a lek) have a 5% 
disturbance cap that would similarly preclude fire treatment. Areas mapped as wildland urban 
interface (WUI) are available for treatment, but treatments need to be defined as a fuels 
reduction.  
 
There is potential to have fire management areas on the refuge, but the conflict with sage 
grouse on the northern portion of the NER, which is identified as sage grouse core habitat, 
would need to be addressed. The plan will therefore include prescribed fire even if it isn’t a 
primary tool. These changes would represent a small, ephemeral gain at best in changes to 
habitat that may result in more elk wintering outside of the NER. Wildland fire use (i.e., wildfire 
to meet resource objectives) is authorized forest-wide in the BTNF. Much of the BTNF adjacent 
to the NER is within the Gros Ventre Wilderness, which is managed to allow “natural processes 
of ecological change to operate freely. The number, size and intensity of fires [are managed to] 
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approximate the natural fire regime” (USFS 2013). Benefits from wildland fire use on adjacent 
national forest lands are therefore opportunistic in nature. 
 
Private lands mitigation—Easements and leases have been proposed as a means to minimize 
livestock and elk conflict related to brucellosis. Easements would incentivize steer operations 
by purchasing from willing sellers the right to have cow/calf pairs. Easements should also 
consider all winter feeding of livestock (e.g., horses), certain agricultural crops that are 
attractants to elk (e.g., irrigated hay), as well as hunting access. These easements would be 
purchased and enforced through agencies and local land trusts. Leases in the Spring Gulch area 
are not a suitable solution due to the current level of development; may be an option in Buffalo 
Valley assuming the weather allows animals to winter there. Leases/easements would need to 
include a statement that the individual would forfeit their right to make a depredation claim to 
WGFD.  
 
Non-traditional landuse mitigation would differ from that described above for traditional 
landuses. For example, the Jackson Hole Conservation Alliance is working with subdivision 
landowners to install landscaping that is less attractive, and more resistant, to elk and deer. 
Similarly, WGFD assesses subdivisions to identify issues for mitigation, and provides input to 
real estate developers and in county planning documents. Also, targeted hazing in subdivisions 
and golf courses is ongoing and will continue on an as-needed basis. 
 
Public education/outreach—Each partner agency will have the opportunity to become involved 
in the planning and execution of education and outreach (EO) efforts. Increased public EO 
efforts will be undertaken regardless of the strategy selected. These efforts will include 
increasing public awareness of, and tolerance for, natural levels of winter mortality in elk. This 
would be accomplished through local news releases and radio announcements, training for 
sleigh-ride contractors that includes information on winter mortality in unfed populations of 
elk, etc. Regular updates on the planning process and progress towards meeting objectives set 
out in the BEMP will also be provided to the public through NER media outlets. County 
Commissions will be included in public EO efforts to make sure they are aware, and supportive, 
of the agencies’ efforts.  
 
Landowner EO would differ between those engaged in more traditional agricultural landuse 
(i.e., ranching) and non-traditional landusers (i.e., residential developments, golf courses). The 
decision to change a livestock operation from cow/calf to steers (non-breeding) is a major 
decision.  It is not expected that ranchers would respond to an article in the paper, news story 
on the radio or even a letter.  This kind of effort will require primarily one-on-one interactions 
with an individual that has built relationships and trust within the community. This would 
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require a private lands biologist to work with private landowners in the area. The position could 
be a shared position among agencies. Conversely, EO focused on homeowners in exurban 
developments will focus more on meetings with homeowners’ associations, residential 
developers, etc., to provide information regarding living with wildlife, wildlife management and 
conservation, etc. All agencies will need to collaborate in initial efforts to reach key landowners 
and homeowner associations to convey the objectives and primary issues involved in managing 
elk and bison in Jackson Hole, as well as to express the importance of their involvement in the 
process. WFGD is currently doing this in some areas, e.g., Hunt Area 78.  
Sportsmen EO would include meetings with local and regional sportsmen’s clubs and ideally 
articles in club magazines, Wyoming Outdoors, etc.  General newspaper articles could also help 
disseminate information. This could be largely accomplished with existing staff.  
 
Agency EO is happening to some degree through AMP meetings.  It would be helpful to focus 
on two different groups; field staff and Regional Office managers.  Field staff are instrumental 
in achieving management actions on the ground, but also support changing public opinion in 
the local area through their personal interactions outside of work.  Regional office EO is 
essential in building the necessary support to obtain project resources and have support when 
controversies are elevated to their level.    
 
WGFD Commissioner EO will require personal contacts coordinated with WGFD.  Top priority 
will be the commissioner for this area and perhaps others.  This will include 1) tours of the NER 
and GTNP and 2) a briefing on alternative strategies resulting from the AMP. 
 
Monitoring—Draft once strategies are finalized. 
 
Enforcement—Draft once strategies are finalized. 
 
Contstraints 
Constraints that were identified for managing wintering elk population on the NER were diverse 
and included policy/regulatory, biological, social, and funding constraints, and combinations 
thereof (Table 4). The most common constraints were policy related (33%), followed by social 
(28%), biological (22%), and funding (17%) constraints. Many of the identified constraints could 
be identified in multiple groups; we largely identified constraints as belonging to a single group 
to simplify classification.  
 
Table 4. Management constraints identified for the National Elk Refuge wintering elk 
population objective. 
Policy constraints 
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Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Easement limitation (NER boundary) 
2007 EIS (rejected fertility control and test and slaughter; limits tribal 

harvest) 
Social constraints 

Hunter numbers 
Winter mortality (social acceptance) 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts 
Fencing/wildlife conflicts 
Migratory segment (maintain summer distribution goals) 

Funding constraints 
Easements 
Fencing 
Fertility control 

 
National Elk Refuge Strategy Narratives 
Management action strategies were divided into themes based on the focus of the grouped 
actions within a strategy. For example, the National Elk Refuge-Focused strategy targets winter 
elk distribution through management actions primarily taken on the refuge. The Southern Herd 
Segment Management strategy is a set of actions intended to reduce the number, and 
productivity, of the largely non-migratory elk in Hunt Areas 75 and 78 while minimizing the risk 
of harvest to migratory segments of the JEH. The Late Season Harvest strategy would increase 
harvest more generally in the JEH through coordinated late season hunts, with key caveats 
outlined below. Several actions were identified as necessary to continue, or implement, 
regardless of the strategy selected. Those to be continued are the 1) intra-seasonal 
management and coordination between the NER and WGFD Gros Ventre feedgrounds, 2) 
fencing for private lands mitigation, and 3) “tag and drag” and guided hunts on the NER and 
GTNP. New actions to be implemented across all strategies include 1) a late-season refuge hunt, 
2) Fire management on NER and adjacent public land, 3) increased public education and 
outreach, and 4) increased WGFD Commission education and outreach. 



35 
 

   
National Elk Refuge-Focused Strategy 
The NER-focused strategy is based on altering distribution of elk using management actions 
centered primarily on the refuge. This strategy implements actions to make the refuge less 
attractive to wintering elk primarily through a less conservative winter feeding program and 
initiation of a late-season hunt. This assumes that a proportion of elk that winter on the refuge 
can be conditioned to stay on adjacent winter range based on decreasing the incentive (later 
initiation of feeding) and increasing the disincentive (late season hunt) to moving onto the 
refuge. Incentivizing steer operations on private lands would be undertaken to address the 
increased proportion of elk that may winter on adjacent private lands. Similarly, education and 
outreach to private landowners is included in this effort to increase acceptance of elk wintering 
on private lands adjacent to the NER. Increased enforcement on the NER would also be 
necessary due to the addition of the late-season hunt.  
 
Southern Herd Segment Management Strategy 
The southern herd segments (Hunt Area 78 and GTNP South) are increasing absolutely and 
proportionally within the JEH. Conversely, migratory segments (i.e., elk that summer in 
Yellowstone NP and Gros Ventre Wilderness) of the JEH are stable to declining. The Southern 
Herd Segment Management Strategy focuses management actions at slowing, or reversing, the 
growth of the southern herd segments. Proposed actions include increasing harvest through 
the development of a hunter management program, a program that also helps address private 
lands mitigation. Targeted fertility control on private land summer range could also be 
explored by WGFD, but would need to go through the proper approval process (i.e., WGFD 
Commission). This action was considered and rejected in the BEMP. Increased outreach to 
sportsmen and agencies, and landowners, would be undertaken; the former is due to the 
potential for fertility control and the latter is for increasing awareness of landowners of the 
efforts to reduce the southern herd-segment. Increased harvest is localized by this strategy, 
minimizing the potential impact of increased harvest on the migratory segments. Increased 
enforcement on the NER would also be necessary due to the addition of the late-season hunt. 
 
Late Season Harvest Strategy 
The Late Season Harvest Strategy represents a broader, landscape scale approach to achieving 
the Phase I elk objective. A coordinated (i.e., NER, WGFD, GTNP, BTNF) late season hunt in Hunt 
Areas 75, 77–78, and 80 would occur. Approval would need to be obtained for extending, or 
moving, the current season in GTNP to allow later harvest. Lastly, the current December 1st 
closure to protect wintering ungulates in Hunt Area 80 on BTNF lands would need to be 
modified through an environmental review process to allow hunter access into that area. 
Currently the JEH could be reduced by approximately 1,000 animals before being below 
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objective (11,000 ± 10%). A WGFD Commission approved reduction in the JEH could be 
investigated if the efforts of this strategy did not result in reaching the NER Phase I elk 
objective. An increase in enforcement would be necessary if this strategy was implemented.  
 
Bison 
Alternative management actions for bison on the NER and adjacent areas included several 
developed for the NER wintering elk population objective in addition to those solely developed 
for bison (Table 6). Most of the actions identified were related to bison harvest in an effort to 
influence hunter access or success.  
 
Table 6. Bison population strategy table for identifying alternative management action 
strategies.  

  

Reference 
Case 

Hunter 
Harvest 

Alternative 
Reduction 

Actions 
Population management 

   No change X 
  

Improve late-season access to north 
end of NER for hunting and carcass 
retrieval 

 
X X 

Parking lot origination management 
 

X X 
Alternative reduction actions*   X 

Hazing 
   

No change 
   

Haze bison found south and east of 
Flat and Nowlin creeks  

X X 

Service-accompanied hunters  X X 
Habitat improvements 

   
No change X 

  
Fire management on NER and 
adjacent public land  

X X 

Water source improvements    
Private lands mitigation    

NER south-boundary improvement    
Public education/outreach (EO) 

   
No change X 

  
Increase education and outreach 

 
X X 

Monitoring 
   



37 
 

No change 
   

Enforcement 
   

No change 
   

Increase 
   

*Beyond the scope of this plan and may require NEPA review. 
 
Population management—Hunter harvest of bison since 2007 has led to an appreciable 
reduction in the population (Fig. 5). Further efforts to increase hunter harvest are intended to 
reduce the number of years necessary to reach the bison population objective. Most of the 
actions identified are related to increasing opportunity and success at the existing level of 
hunter numbers. The current number of hunters each year is believed to be a maximum 
number allowable while still providing a quality, and safe, hunting experience.   
 
Efforts to improve late-season access to the north end of the NER for hunting and carcass 
removal could facilitate increased harvest. Existing retrieval roads become impassable late in 
the hunting season due to snow, and can, for example, preclude hunters from using the West 
Parking Area or retrieving carcasses on the northern portion of the refuge. Keeping these roads 
open may be difficult in heavy snow years, requiring a bulldozer in some situations. 
Alternatively, over-the-snow vehicles could be considered for carcass retrieval on existing 
refuge roads. Hunter access easements across private lands on the northeast corner of the NER 
will be explored as another means of providing access to that portion of the refuge for hunting 
and carcass retrieval. 
 
Hunters must originate from a designated parking area for hunting bison on the NER. All but 
one designated parking area are within the NER. Access to the northwest portion of the NER is 
via a parking area within and managed by GTNP in collaboration with the NER. Accessing the 
refuge for hunting from BTNF lands along the eastern boundary of the NER was historically not 
allowed. The refuge will continue to manage hunter distribution using parking-lot origination in 
an effort to encourage bison to move onto, and remain, on the refuge. Hunters with a NER 
permit will also be allowed to access the refuge from adjacent BTNF lands.   
 
Continuous review of population management actions implemented for reaching the bison 
population objective will be undertaken during the life of this plan. If management actions 
outlined in this plan prove ineffective for reaching the objective, other actions that fall outside 
the scope of this plan may be considered, e.g., agency cull, herd-wide fertility control. Such 
actions may require evaluation as per the NEPA.  
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Culling of bison is currently not used as a population management action. Including an agency 
bison cull as a potential population management action in this plan does not imply agency 
approval at this time and would only receive further consideration upon meeting several 
criteria. Consideration of an agency cull would include meeting National Environmental Policy 
Act (NEPA) requirements. WGFD policy prevents elk hunting past January 31st to minimize 
hunter exposure to Brucella abortus (the bacteria that causes brucellosis). This policy is specific 
to elk at this time, but the same concerns exist for late-season bison harvest. Between February 
1st–15th WGFD personnel can harvest animals and the animals can be donated; animals killed 
after February 15th must be disposed of in a landfill.  
 
Herd-wide fertility control of bison was considered and rejected in the BEMP. A review of 
fertility control in wildlife, current at the time of approval of the BEMP, can be found in 
Appendix B of the final Environmental Impact Statement (EIS) (USFWS and USNPS 2007b). Need 
to gather more details on the current state of knowledge for this technique – would it be 
possible to have the WGFD vet draft a few sentences, with current citations, for this purpose? 
Seems like this would have to occur on the feedline to be efficient and effective, which would 
trigger NEPA. Bison primarily occur on federal lands, so proposed implementation of this action 
would necessitate following NEPA requirements.  
 
Hazing—Reduction, or elimination, of winter feeding will likely result in bison having a broader 
winter distribution in Jackson Hole. This could lead to more frequent use of the Nowlin unit by 
bison; the Nowlin unit is where commercial sleigh rides are conducted. Moreover, increased 
bison use of the southern portion of the NER beyond the Nowlin unit increases the potential for 
bison to enter the town of Jackson. For public safety and to minimize conflict in the Nowlin unit, 
bison will be hazed north if found south of a boundary starting at the Twin Creek Subdivision, 
west along Elk Refuge Road to Nowlin Gate, north and west along Hunter Retrieval Road 22 (an 
administrative road), north along Hunter Retrieval Road 22 to the Refuge Barns, west along 
Nowlin Creek to the confluence of Flat Creek, and north along Flat Creek to the northern 
boundary of the Jackson National Fish Hatchery.  
 
Service-accompanied hunters in NER management units south of the bison hazing line defined 
above could be used to haze bison north of the hazing line.  
 
Habitat improvements—Fire management on NER and adjacent public land to increase 
attractiveness for bison would be the same as described above for elk (pg X). The objective, 
however, differs in that the purpose of attracting and holding bison on the refuge would be 
primarily to increase susceptibility of bison to harvest.  
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Water sources on the east side of the NER would be modified to increase flow rates, improve 
bison access to water, encourage bison use and potentially increase early season 
harvest.  Existing springs known as waterhole 2 and waterhole 3 currently have defunct bore 
hole pipes with limited water flows.  These would be repaired or replaced to ensure late 
summer water flow and encourage bison use at these locations. 

Private lands mitigation—Bison primarily occur on public lands (i.e., NER, GTNP, and Bridger-
Teton National Forest), and when they do occur on private lands WGFD has the authority to 
haze or lethally remove bison for safety or private lands damage concerns (WGFC regulations, 
chapter 56). There is the potential for increased private lands conflict if winter feeding is 
reduced or eliminated on NER. For example, bison may move further south when feeding does 
not occur, increasing the potential for bison in Jackson. To reduce the likelihood of bison 
moving from the Refuge into Jackson, a double cattle guard will be installed on Elk Refuge Road 
at the boundary with East Broadway and at the gate where the town accesses the municipal 
water wells.  
 
Public education/outreach—Public education and outreach for bison management will be 
integrated into EO provided for elk management (see pg. X). There are important differences 
between bison and elk biology and management that will be articulated. The bison population 
objective differs from the elk objective, with the former based primarily on maintaining genetic 
heterozygosity while minimizing conflict (USFWS and USNPS 2007a). Bison winter feeding is 
conducted primarily to eliminate conflict with elk on feedgrounds, which is fundamentally 
different than the objective for feeding elk to sustain the JEH through winter with minimal 
mortality. Winter feeding of bison precludes other conflicts that would occur if bison were 
more broadly distributed within Jackson Hole, e.g., bison in the town of Jackson and the 
associated public safety conflict. As winter feeding is reduced, or eliminated, efforts will be 
made to manage potential increased conflict, but public acceptance of increased conflict will be 
necessary. There are important biological differences between bison and elk that will be 
highlighted. For example, during 2007–2013 the JBH had greater than twice the ratio of calves 
to females in winter compared to elk of the JEH (0.47 [SD = 0.05] for bison and 0.22 [SD = 0.03] 
for elk; WGFD, unpubl. data). During the six-year period taken to complete the BEMP the bison 
population grew exponentially, increasing from 627 animals in 2002 to 1059 in 2007 (Fig. 5; 
WGFD, unpubl. data). Management challenges can also differ between bison and elk. Bison 
female-calf groups spend much of the year in GTNP, where no harvest is permitted, and move 
to the Refuge as winter conditions reduce forage availability in GTNP. Female-calf groups 
largely do not use BTNF lands adjacent to the NER or GTNP, which constrains population 
management using hunter harvest to a relatively limited area on the NER. This can lead to 
dense concentrations of animals and hunters on the NER, which can result in hunter conflict.  
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Increased EO to state agencies, e.g. the Department of Agriculture and state veterinarian, will 
be included as part of this action. The range of bison will likely expand as feeding is 
reduced/eliminated, potentially leading to more conflict on private agricultural and developed 
lands. 
 
Monitoring— Draft once strategies are finalized. 
 
Enforcement— Draft once strategies are finalized. 
 
Constraints 
Constraints unique to bison management were largely related to disease transmission concerns 
and related policy (Table 7). For example, it is not currently possible to move bison out of the 
county, nor are bison currently allowed in the Gros Ventre near WGFD feedgrounds. Several 
identified alternative actions, fertility control and test and slaughter, were considered and 
rejected in the 2007 Environmental Impact Assessment (EIS) for the Bison and Elk Management 
Plan. The 2007 EIS similarly limits tribal harvest of bison. Moreover, there is uncertainty if an 
effective bison fertility control exists, which is a technological constraint. What constraints 
from the NER wintering elk constraints table should be carried over to the bison constraints 
table? 
 
Table 7. Management constraints identified for the bison population objective. 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Cumbersome hunt regulations 
Hunter access (especially from north of the NER) 
Easement limitation (NER boundary) 
Current restriction on moving bison out of county 

Social constraints 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Vendor numbers (are there enough for bison removals?) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts (fire) 
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Fencing/wildlife conflicts 
Grizzly bear conflicts (potential) 

Funding constraints 
Easements 
Fencing 
Fertility control 

Technological constraints 
Fertility control 

 
Note/reminder from initial fall meeting Nov. 2012: “Three-pronged approach” 1) how to use 
hunters to reduce #s, 2) how to get more on native, 3) explicit metric for winter mortality that is 
acceptable.  
 
Include a paragraph or two that describes 1) how phases are related to each other, 2) when we 
will claim we’ve been successful in Phase I, 3) how Phase II will be implemented (i.e., stepwise 
or all at once after success with Phase I, 4) whether meeting bison and elk objectives 
simultaneously will be necessary to begin implementing Phase II.  
 
Include a summary of the actions in this plan that tier off of the BEMP vs. those that would 
trigger NEPA. This would include defining strategies succinctly and the threshold that would 
trigger NEPA. In this way we can move forward with actions that step down from the BEMP 
and have a trigger for initiating NEPA if, and only if, necessary.   

1) Removed ‘Grand Teton NP harvest’ from the bison alternatives table because it was not 
in the BEMP and would therefore trigger NEPA and an act of Congress would be 
necessary (for a hunt, not a cull). A bison cull in GTNP would still trigger NEPA. Included 
agency cull (see below).  

2) Test and slaughter for bison was reviewed and rejected in the BEMP – many reasons to 
not do it.  

3) An agency bison cull would trigger NEPA 
4) Herd-wide fertility control in bison would similarly trigger NEPA 
5) Elk fertility control in GTNP south? This is currently an action in an elk strategy that 

would trigger NEPA, yet we haven’t excluded it from the main plan, simply stated it 
would need NEPA. 

      
 
Influence diagram rules –  

1) Bolded polygons and arrows represent NER specific outcomes, influences, factors, and 
measurable attributes. 
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2) Rectangles represent ongoing management actions that influence the outcome of 
interest, bison and elk fed days on the NER  

3) Hexagon is an outcome (which are also an influence/factor) 
4) Dashed rectangle represents a measureable attribute with a defined threshold to trigger 

a management decision to implement an action. 
5) Rounded rectangles represent objectives measured with uncertainty 
6) Factors that influence the outcome. Unpredictable, unmeasured, or both, i.e., beyond 

our control or ability to influence effectively. 
 

Influence Diagram Narratives—If survival and distribution are related to EFD & BFD – assume 
that reductions in EFD & BFD are not due to significant reduction in populations but instead the 
need to change elk and bison behavior and distribution.  
 
First influence diagram – defines bison and elk fed days, and winter distribution, as outcomes. 
Each of these outcomes is defined in the BEMP; the phase 1 objective for BFD and EFD are 
based on feeding 500 and 5,000 bison and elk, respectively, for an average length of time (see 
above). The phase 2 objective is to minimize BFD and EFD, up to and including no feeding, while 
supporting JBH and JEH objectives. Winter distribution of the JEH to support the current 
population objective (11,000 elk ± 10%) is defined in the BEMP (table X, above), including 5,000 
elk wintering on the NER. 
 
Ultimate question – how many elk can the refuge support while concurrently minimizing calf 
survival and winter feeding? That is the primary uncertainty and what we need to determine.  
 
Second influence diagram – includes a third outcome not explicitly defined in the BEMP but 
identified during the development of this plan.   
 
Note to include – triggers for start and end of winter feeding are 1) available standing forage 
on NER key index sites, and 2) snow cover on transitional areas, respectively. The latter could 
be quantified using fixed photo points to estimate percent bare ground at important 
transitional areas (e.g., Kelly hayfields).  
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DRAFT Adaptive Management Plan (AMP) Completion and Implementation Schedule 

May 26, 2015 

 

 

 Planning Step Deadline 
1 Finalize management strategies and modeling to explain present conditions.   July 15, 2015 
2 Develop monitoring plan to evaluate impacts of management strategies. August 1 
3 Develop Peer Review panel and contracts  August 1 
4 Update Draft AMP with above info August 15 
5 Agency review of draft September 15 
6  Changes from Agency comments October 1 
7 Peer Review November 1 
8  Interagency Team review of Peer Comments, discussion and changes to AMP  December 1 
9 Second agency review if significant changes occurred during Peer review 

process 
January 1, 2016 

10 Public Comment February 1 
11 Evaluate public comments and make changes to AMP as needed February 15 
12 GPS Collar 30-40 elk prior to strategy implementation ($100,000 Iridium 

platform) 
February 15 to 
March 15 

13 Final Signatures (FWS & NPS Regional Offices) March 1 
14 Public outreach March 1  
15 Initiate private lands conflicts mitigation actions March 1 
16 Implement enhanced forage monitoring  November 2016  
17 Initiate changes in supplemental feeding protocol  January 2017 
18 End feeding one week early  February 2017 
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Please see the attached draft monitoring section for the AMP.  Given our discussion about the
intended audience of the AMP, I have made things less technical and specific.  This will
ensure that the public and regional office will understand it, but many details will need to be
fleshed out prior to us implementing monitoring.  Some cost details also need to be worked
out. 

Eric Cole
Refuge Biologist
U.S. Fish & Wildlife Service, National Elk Refuge
Jackson, WY
307.201.5432

"...individually we contribute little or nothing to the truth, by the union of all a considerable
amount is amassed."  Aristotle



MONITORING 
 
Feeding Initiation Monitoring:  
NER uses weekly field estimates of the amount of forage available to elk to determine feeding 
initiation date.  Currently measurements are taken at key index sites representing areas 
preferred by elk on NER (see supplemental materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of sampled sites to better represent the total 
amount of forage available to elk on the southern half of NER; 2) increasing the precision of 
estimates at each site by increasing the number of observers; and 3) extending the monitoring 
period later in the winter to assess the relationship between available forage and elk and bison 
distribution. 
 
To better represent the total amount of forage available on the southern half of NER, a 
subsample of current key index sites will be retained to facilitate comparison with historic data, 
but additional random sample sites will be added, which will be stratified by elk habitat 
preference.  Historic elk distribution mapping and elk GPS collar data (NER unpublished data) 
suggest that the areas most preferred by elk on southern NER are associated with moderate to 
high forage production and green vegetation.  Because the distribution of forage production 
and greenness characteristics varies annually based on irrigation and precipitation patterns, 
NER will annually map areas preferred by elk versus areas not preferred by elk, and sample sites 
will be randomly selected within each of these mapped categories.   At least 3 historic key index 
sites, 3 random sites in areas preferred by elk, and 3 sites in areas not preferred by elk will be 
sampled each week from late December through the initiation of supplemental feeding. 
 
Currently the NER biologist is the only person trained in the techniques used to estimate 
available forage (see supplemental materials).  At least 2 additional personnel will be trained in 
the techniques, which will provide a backup in the event of future personnel changes, and will 
facilitate error estimates of the available forage measurements at each site.   
 
Currently NER and WYGFD biologists monitor available forage conditions at least weekly from 
late December until average available forage at key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the monitoring period will be extended to include the 
intervening 2 weeks.  This will allow quantification of the rate of decline in available forage and 
elk and bison distribution relative to available forage. 
 
 



 
Proportion of Elk Wintering on NER: 
A principal AMP goal is to reduce the number of elk wintering on NER.  We hypothesize that 
this will be achieved by redistributing elk to native winter range from NER over time via 
shortening the duration of the feed season.  With shortened feed season the probability of 
younger elk age classes discovering NER feedgrounds will be reduced, and we hypothesize that 
proportion of the Jackson Elk Herd (JEH) that utilizes NER feedgrounds will decline over time. 
We will measure this effect by examining changes in the winter distribution of the JEH.  WGFD 
annual trend/classification count data provides a multi-year baseline data set to measure 
changes in the winter distribution of the JEH and categorizes observations by location.   In each 
year we will calculate the proportion of total classified elk in the JEH that are classified on NER 
feedgrounds.  We will compare the 3-year running average post AMP implementation 
compared to the pre-implementation baseline.  The 2008-2015(16?) time period will be the 
pretreatment baseline (Figure #).  This represents the time after implementation of the BEMP 
but prior to implementation of the AMP.   
 

 
 
Figure #. Proportion of the Jackson Elk Herd that was classified on NER feedgrounds in the 
period following implementation of the Bison and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan (2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 3 year running average post AMP 
implementation. 
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The BEMP and AMP implicitly assume that transmission and prevalence of density dependent 
diseases are positively correlated with the number of days that elk and bison are fed and the 
number of elk and bison utilizing feedgrounds.  We further assume the Elk Fed Days and Bison 
Fed Days are a proxy for these conditions. Elk Fed Days (EFD) and Bison Fed Days (BFD) will be 
calculated annually for each species based on the following formulae:  
 
EFD= ∑ Total elk counted on feed during daily feedground counts for duration of feed season 
 
BFD= ∑ Total bison counted on feed during daily feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed season length and the number of animals on feed, 
we hypothesize that the AMP strategy of delaying the initiation of supplemental feeding will 
inherently reduce the number of EFD and BFD through a reduction in average feed season 
length.  We hypothesize that EFD will also be reduced by encouraging a greater proportion of 
the Jackson Elk Herd to winter on native winter range, which will reduce the number of elk 
occupying NER feedgrounds.  We will evaluate changes in EFD and BFD by comparing the 3-year 
running average post AMP implementation compared to mean EFD and BFD from 2008-2015 
(The time period post BMP and pre AMP implementation).   The running average is an 
appropriate comparison because there is wide annual variation in EFD and BFD associated with 
winter severity (Figure #) 
 

 
 
Figure #. Elk Fed Days (EFD) and Bison Fed Days (BFD) in the period following implementation of 
the Bison and Elk Management Plan and prior to the implementation of the Adaptive 
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Management Plan (2008-2015).  These values represent the pretreatment baseline which will 
be compared to the 3 year running average EFD and BFD post AMP implementation. 
 
 
Elk Winter Mortality Monitoring: 
NER has used consistent methods to monitor winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a census of all non-hunting related winter elk 
mortalities that occur on NER from November through April.  Mortalities are tallied by age/sex 
class and percent mortality is calculated using the corresponding number of elk classified on 
NER feedgrounds as the denominator.   Although these methods are considered a census, it is 
not possible to quantify failed detections, and therefore mortality percentages should be 
considered minimum estimates.  We will continue to monitor elk winter mortality using the 
same methods post AMP implementation, and consistent methods will allow trend comparison 
to the pre AMP baseline (Figure #).  We hypothesize that the 3 year running averages for total 
and calf winter elk mortality will be within the range of variation exhibited by the pre AMP 
baseline.  Historic monitoring suggests that calf and total mortality are sensitive to winter 
severity and disease outbreaks, and that >3% total mortality and >10% calf mortality generate 
significant concern from some elements of the public.  Post AMP mortality in excess of these 
levels may warrant shortening the 2-week feeding initiation delay in subsequent years. 
 

 
 
Figure # Total and calf elk winter mortality (%) on NER in the period following implementation 
of the Bison and Elk Management Plan and prior to the implementation of the Adaptive 
Management Plan (2008-2015).  These values represent the pretreatment baseline which will 
be compared to the 3 year running average post AMP implementation. 
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Elk Collaring: 
The AMP’s principal strategy is to shorten the length of the feed season to encourage elk use of 
native winter range, but we anticipate that this strategy will also result in an increase in elk 
conflicts on surrounding private land in the town of Jackson and the Spring Gulch areas.  To 
quantify this effect and provide real time information to WGFD and NER managers to facilitate 
a response, we propose maintaining a sample of 40-50 GPS collars on elk that winter on NER 
throughout the AMP implementation period.  Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This sample size will not be sufficient to detect all elk 
movements from NER to surrounding private lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-AMP baseline data.    
 
NER has elk GPS collar data available from the 2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk movements from NER to surrounding private 
lands will increase during the AMP implementation period compared to the pre-treatment 
baseline.  This will be tested by comparing the number of incidents that elk left NER for 
surrounding private lands (per elk/per year), and the proportion of elk GPS fixes on NER versus 
private lands during time periods of interest.  The principal time period of interest is late 
December-March because this represents the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This is the season when changes to the NER 
feeding program would be most likely to result in changes in elk distribution. 
 
50 adult cow elk will be captured on NER feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will need to be collared each year in winter 2017 and 
2018 to maintain the 40-50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed during the elk capture and collar data analysis  
process includes Brucellosis seroprevalence,  pregnancy rate, and elk summer range 
determination for comparison to the findings of Cole and Foley et al (2015). 
 
Cost estimate for Elk Collaring Project: 
$115,500 first year costs with $29,200 in 2017 and $29,200 in 2018 to maintain sample size for 
3 years post AMP implementation. 
Total cost=$173,900 
 



 
Disease:  
The primary purpose of limiting reliance on supplemental feeding is to reduce the prevalence of 
endemic elk and bison diseases and mitigate transmission risk associated with the introduction 
of novel diseases.  We hypothesize that Brucellosis seroprevalence will decline post AMP 
implementation.  There is no recent Brucellosis seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk collaring operations in winter 2016, and each elk 
will be tested for Brucellosis exposure.  The 2016 Brucellosis seroprevalence rate will be the 
pre-treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been monitored in the JEH since 1997, and since 2008 has 
been monitored with sufficient sample size to detect 1% prevalence with 95% confidence.  No 
CWD positive cases have been detected in the JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that CWD is not currently endemic to the JEH. 
However, most evidence suggests that the distribution of CWD is increasing and that its 
introduction to the JEH is inevitable.   Early detection is critical to ensure an adequate 
management response, and therefore ongoing monitoring at sample sizes sufficient to detect 
1% CWD prevalence with 95% confidence is necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, and past experience suggests that 2 full time 
technicians working from September-December are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are $32,000 per year. 
 
Supplemental Materials 
Feeding Initiation Methods 
At each sample site, 10 subplots will be measured at every 5 steps along the random bearing 
determined for each site.  At each subplot a 13.27” diameter metal sampling ring will be placed 
on the ground. The amount of forage available to elk within the sampling ring (dry weight in 
grams) will be visually estimated.  The 13.27” diameter subplot allows easy conversion from 
grams to lbs. per acre (each gram is equivalent to 100 lbs. per acre). During annual forage 
production sampling, Eric Cole makes approximately 1,000 of these visual estimates per year, 
and 33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will 
be the principal estimator, but additional personnel will be trained in these techniques to 
provide redundancy in the event of personnel changes, and to increase the number of 
observers to facilitate estimation of error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward 
when snow cover is limited, but estimating how much of the forage is accessible to elk when 
snow is dense, deep and crusted can be subjective.  To decrease the subjectivity of the 
estimation process, if the area under the sample ring is covered with snow, only forage that can 



be exposed with a gloved hand will be included in the estimate of available forage.  Forage that 
is fouled with manure and/or flush with the ground due to trampling will not be included in the 
estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an 
equivalent lbs./acre value (1 gram=100 lbs./acre).   The arithmetic mean of available forage 
(Lbs./acre) for the 10 subplots provides an estimate of available forage for each index site.  
There are 3 sample site categories: 1) Historic  Key Index Sites that have been used since 2007, 
2)New randomly selected sites within areas preferred by elk, and 3) New randomly selected 
sites in areas not preferred by elk.  Historic key index sites were not randomly selected, but 
were instead selected to represent areas most preferred by elk on the south end of NER.  These 
were the sites used to determine when supplemental feeding would be initiated from 2007 
until the implementation of the AMP.  To facilitate comparison with pre-AMP data, we will 
continue to use mean lbs. per acre across historic key index sites to determine the 300 lbs. per 
acre threshold.  However post AMP implementation we will delay feeding initiation by 2 weeks 
once the 300 lbs./acre level has been reached.  We will concurrently sample at randomly 
selected sites stratified on an annual basis between areas highly preferred and not highly 
preferred by elk.  This will enable us to quantify the relationship between mean forage 
availability at historic key index sites and random sites over time. 
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Steve:
 
See the attached monitoring section per our discussion.
 
Don’t hesitate to contact Eric for questions/clarification.
 
Thanks,
 
Steve Kallin
Project Leader
National Elk Refuge
PO Box 510
675 East Broadway
Jackson, WY 83001
Phone: (307) 201-5409
Fax: (307) 733-9729
steve_kallin@fws.gov
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Please see the attached draft monitoring section for the AMP.  Given our discussion about the
intended audience of the AMP, I have made things less technical and specific.  This will
ensure that the public and regional office will understand it, but many details will need to be
fleshed out prior to us implementing monitoring.  Some cost details also need to be worked
out. 
 
Eric Cole
Refuge Biologist
U.S. Fish & Wildlife Service, National Elk Refuge
Jackson, WY
307.201.5432
 
"...individually we contribute little or nothing to the truth, by the union of all a considerable
amount is amassed."  Aristotle



MONITORING 
 
Feeding Initiation Monitoring:  
NER uses weekly field estimates of the amount of forage available to elk to determine feeding 
initiation date.  Currently measurements are taken at key index sites representing areas 
preferred by elk on NER (see supplemental materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of sampled sites to better represent the total 
amount of forage available to elk on the southern half of NER; 2) increasing the precision of 
estimates at each site by increasing the number of observers; and 3) extending the monitoring 
period later in the winter to assess the relationship between available forage and elk and bison 
distribution. 
 
To better represent the total amount of forage available on the southern half of NER, a 
subsample of current key index sites will be retained to facilitate comparison with historic data, 
but additional random sample sites will be added, which will be stratified by elk habitat 
preference.  Historic elk distribution mapping and elk GPS collar data (NER unpublished data) 
suggest that the areas most preferred by elk on southern NER are associated with moderate to 
high forage production and green vegetation.  Because the distribution of forage production 
and greenness characteristics varies annually based on irrigation and precipitation patterns, 
NER will annually map areas preferred by elk versus areas not preferred by elk, and sample sites 
will be randomly selected within each of these mapped categories.   At least 3 historic key index 
sites, 3 random sites in areas preferred by elk, and 3 sites in areas not preferred by elk will be 
sampled each week from late December through the initiation of supplemental feeding. 
 
Currently the NER biologist is the only person trained in the techniques used to estimate 
available forage (see supplemental materials).  At least 2 additional personnel will be trained in 
the techniques, which will provide a backup in the event of future personnel changes, and will 
facilitate error estimates of the available forage measurements at each site.   
 
Currently NER and WYGFD biologists monitor available forage conditions at least weekly from 
late December until average available forage at key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the monitoring period will be extended to include the 
intervening 2 weeks.  This will allow quantification of the rate of decline in available forage and 
elk and bison distribution relative to available forage. 
 
 



 
Proportion of Elk Wintering on NER: 
A principal AMP goal is to reduce the number of elk wintering on NER.  We hypothesize that 
this will be achieved by redistributing elk to native winter range from NER over time via 
shortening the duration of the feed season.  With shortened feed season the probability of 
younger elk age classes discovering NER feedgrounds will be reduced, and we hypothesize that 
proportion of the Jackson Elk Herd (JEH) that utilizes NER feedgrounds will decline over time. 
We will measure this effect by examining changes in the winter distribution of the JEH.  WGFD 
annual trend/classification count data provides a multi-year baseline data set to measure 
changes in the winter distribution of the JEH and categorizes observations by location.   In each 
year we will calculate the proportion of total classified elk in the JEH that are classified on NER 
feedgrounds.  We will compare the 3-year running average post AMP implementation 
compared to the pre-implementation baseline.  The 2008-2015(16?) time period will be the 
pretreatment baseline (Figure #).  This represents the time after implementation of the BEMP 
but prior to implementation of the AMP.   
 

 
 
Figure #. Proportion of the Jackson Elk Herd that was classified on NER feedgrounds in the 
period following implementation of the Bison and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan (2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 3 year running average post AMP 
implementation. 
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The BEMP and AMP implicitly assume that transmission and prevalence of density dependent 
diseases are positively correlated with the number of days that elk and bison are fed and the 
number of elk and bison utilizing feedgrounds.  We further assume the Elk Fed Days and Bison 
Fed Days are a proxy for these conditions. Elk Fed Days (EFD) and Bison Fed Days (BFD) will be 
calculated annually for each species based on the following formulae:  
 
EFD= ∑ Total elk counted on feed during daily feedground counts for duration of feed season 
 
BFD= ∑ Total bison counted on feed during daily feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed season length and the number of animals on feed, 
we hypothesize that the AMP strategy of delaying the initiation of supplemental feeding will 
inherently reduce the number of EFD and BFD through a reduction in average feed season 
length.  We hypothesize that EFD will also be reduced by encouraging a greater proportion of 
the Jackson Elk Herd to winter on native winter range, which will reduce the number of elk 
occupying NER feedgrounds.  We will evaluate changes in EFD and BFD by comparing the 3-year 
running average post AMP implementation compared to mean EFD and BFD from 2008-2015 
(The time period post BMP and pre AMP implementation).   The running average is an 
appropriate comparison because there is wide annual variation in EFD and BFD associated with 
winter severity (Figure #) 
 

 
 
Figure #. Elk Fed Days (EFD) and Bison Fed Days (BFD) in the period following implementation of 
the Bison and Elk Management Plan and prior to the implementation of the Adaptive 
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Management Plan (2008-2015).  These values represent the pretreatment baseline which will 
be compared to the 3 year running average EFD and BFD post AMP implementation. 
 
 
Elk Winter Mortality Monitoring: 
NER has used consistent methods to monitor winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a census of all non-hunting related winter elk 
mortalities that occur on NER from November through April.  Mortalities are tallied by age/sex 
class and percent mortality is calculated using the corresponding number of elk classified on 
NER feedgrounds as the denominator.   Although these methods are considered a census, it is 
not possible to quantify failed detections, and therefore mortality percentages should be 
considered minimum estimates.  We will continue to monitor elk winter mortality using the 
same methods post AMP implementation, and consistent methods will allow trend comparison 
to the pre AMP baseline (Figure #).  We hypothesize that the 3 year running averages for total 
and calf winter elk mortality will be within the range of variation exhibited by the pre AMP 
baseline.  Historic monitoring suggests that calf and total mortality are sensitive to winter 
severity and disease outbreaks, and that >3% total mortality and >10% calf mortality generate 
significant concern from some elements of the public.  Post AMP mortality in excess of these 
levels may warrant shortening the 2-week feeding initiation delay in subsequent years. 
 

 
 
Figure # Total and calf elk winter mortality (%) on NER in the period following implementation 
of the Bison and Elk Management Plan and prior to the implementation of the Adaptive 
Management Plan (2008-2015).  These values represent the pretreatment baseline which will 
be compared to the 3 year running average post AMP implementation. 
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Elk Collaring: 
The AMP’s principal strategy is to shorten the length of the feed season to encourage elk use of 
native winter range, but we anticipate that this strategy will also result in an increase in elk 
conflicts on surrounding private land in the town of Jackson and the Spring Gulch areas.  To 
quantify this effect and provide real time information to WGFD and NER managers to facilitate 
a response, we propose maintaining a sample of 40-50 GPS collars on elk that winter on NER 
throughout the AMP implementation period.  Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This sample size will not be sufficient to detect all elk 
movements from NER to surrounding private lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-AMP baseline data.    
 
NER has elk GPS collar data available from the 2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk movements from NER to surrounding private 
lands will increase during the AMP implementation period compared to the pre-treatment 
baseline.  This will be tested by comparing the number of incidents that elk left NER for 
surrounding private lands (per elk/per year), and the proportion of elk GPS fixes on NER versus 
private lands during time periods of interest.  The principal time period of interest is late 
December-March because this represents the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This is the season when changes to the NER 
feeding program would be most likely to result in changes in elk distribution. 
 
50 adult cow elk will be captured on NER feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will need to be collared each year in winter 2017 and 
2018 to maintain the 40-50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed during the elk capture and collar data analysis  
process includes Brucellosis seroprevalence,  pregnancy rate, and elk summer range 
determination for comparison to the findings of Cole and Foley et al (2015). 
 
Cost estimate for Elk Collaring Project: 
$115,500 first year costs with $29,200 in 2017 and $29,200 in 2018 to maintain sample size for 
3 years post AMP implementation. 
Total cost=$173,900 
 



 
Disease:  
The primary purpose of limiting reliance on supplemental feeding is to reduce the prevalence of 
endemic elk and bison diseases and mitigate transmission risk associated with the introduction 
of novel diseases.  We hypothesize that Brucellosis seroprevalence will decline post AMP 
implementation.  There is no recent Brucellosis seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk collaring operations in winter 2016, and each elk 
will be tested for Brucellosis exposure.  The 2016 Brucellosis seroprevalence rate will be the 
pre-treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been monitored in the JEH since 1997, and since 2008 has 
been monitored with sufficient sample size to detect 1% prevalence with 95% confidence.  No 
CWD positive cases have been detected in the JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that CWD is not currently endemic to the JEH. 
However, most evidence suggests that the distribution of CWD is increasing and that its 
introduction to the JEH is inevitable.   Early detection is critical to ensure an adequate 
management response, and therefore ongoing monitoring at sample sizes sufficient to detect 
1% CWD prevalence with 95% confidence is necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, and past experience suggests that 2 full time 
technicians working from September-December are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are $32,000 per year. 
 
Supplemental Materials 
Feeding Initiation Methods 
At each sample site, 10 subplots will be measured at every 5 steps along the random bearing 
determined for each site.  At each subplot a 13.27” diameter metal sampling ring will be placed 
on the ground. The amount of forage available to elk within the sampling ring (dry weight in 
grams) will be visually estimated.  The 13.27” diameter subplot allows easy conversion from 
grams to lbs. per acre (each gram is equivalent to 100 lbs. per acre). During annual forage 
production sampling, Eric Cole makes approximately 1,000 of these visual estimates per year, 
and 33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will 
be the principal estimator, but additional personnel will be trained in these techniques to 
provide redundancy in the event of personnel changes, and to increase the number of 
observers to facilitate estimation of error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward 
when snow cover is limited, but estimating how much of the forage is accessible to elk when 
snow is dense, deep and crusted can be subjective.  To decrease the subjectivity of the 
estimation process, if the area under the sample ring is covered with snow, only forage that can 



be exposed with a gloved hand will be included in the estimate of available forage.  Forage that 
is fouled with manure and/or flush with the ground due to trampling will not be included in the 
estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an 
equivalent lbs./acre value (1 gram=100 lbs./acre).   The arithmetic mean of available forage 
(Lbs./acre) for the 10 subplots provides an estimate of available forage for each index site.  
There are 3 sample site categories: 1) Historic  Key Index Sites that have been used since 2007, 
2)New randomly selected sites within areas preferred by elk, and 3) New randomly selected 
sites in areas not preferred by elk.  Historic key index sites were not randomly selected, but 
were instead selected to represent areas most preferred by elk on the south end of NER.  These 
were the sites used to determine when supplemental feeding would be initiated from 2007 
until the implementation of the AMP.  To facilitate comparison with pre-AMP data, we will 
continue to use mean lbs. per acre across historic key index sites to determine the 300 lbs. per 
acre threshold.  However post AMP implementation we will delay feeding initiation by 2 weeks 
once the 300 lbs./acre level has been reached.  We will concurrently sample at randomly 
selected sites stratified on an annual basis between areas highly preferred and not highly 
preferred by elk.  This will enable us to quantify the relationship between mean forage 
availability at historic key index sites and random sites over time. 



From: Steve Cain
To: Steve Kallin
Subject: Re: AMP Meeting Reminder; Monday, July 20 at 8:30 AM
Date: Wednesday, July 08, 2015 11:33:11 AM
Attachments: NER AMP Draft v1.7 to SK 7-8-15.docx

Hi Steve,

Here is the latest draft.  Let me know if you have any questions.  My thought on the executive
summary is to wait until the document firms up more.

Steve

On Wed, Jul 8, 2015 at 10:35 AM, Steve Kallin <steve_kallin@fws.gov> wrote:

Hi All:

 

Just a reminder that at our last AMP meeting, we agreed our next meeting would be on
Monday, July 20.  Let’s meet at the Refuge Headquarters at 8:30 AM.

 

We will email you the latest draft AMP next week before the meeting so you can start your
review.  Your review will be greatly appreciated because we plan to send the Plan out for
Peer Review in early August. 

 

Please let me know at your earliest convenience if a scheduling conflict has developed and
you are unable to make the meeting. 

 

Thanks again for all of your help in developing the AMP,  

 

Steve Kallin

Project Leader

National Elk Refuge

PO Box 510

675 East Broadway

Jackson, WY 83001

Phone: (307) 201-5409



Fax: (307) 733-9729

steve_kallin@fws.gov
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies a large area in the 
upper Snake River watershed north of the town 
of Jackson (Fig. 1).  Much of the herd is migratory, 
moving between distinct wintering and summer 
ranges.  Primary wintering areas include the 
Buffalo Valley, lower elevations of the Gros 
Ventre River drainage, the National Elk Refuge 
(NER), and areas adjacent to the NER on Bridger-
Teton National Forest (BTNF) lands.  Summering 
areas occur throughout the herd’s range and for 
convenience are divided into four geographic 
regions that include Grand Teton National Park 
(GTNP), Yellowstone National Park (YNP), the 
Gros Ventre drainage, and Teton Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 
“tusk hunters” and large-scale commercial 

hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
and federal officials in Jackson Hole, to begin 
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feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 
reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 

Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
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An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 

Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 
Preserve, Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 

to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and the bison are now fed 
more than a maintenance ration to reduce 
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 
 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
_).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt administered by WGFD.  This plan was 

halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig _).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 



 

 6  
 

bison and elk management focused on four broad 
goals: 1) sustaining native habitat; 2) promoting 
sustainable populations; 3) maintaining 
population sizes; and 4) preventing spread of 
disease.  The primary management scenarios 
presented in the alternatives included the status 
quo, terminating elk and bison hunting on the 
NER and elk hunting in GTNP, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk Adaptive 
Management Plan was developed to address the 
latter need specifically (Fig. 4).  It does not 
address other on-going bison and elk 
management actions already prescribed by the 
BEMP. 
 
As of March 2015, two court rulings have upheld 
the 2007 BEMP and ROD. In a lawsuit against the  
BEMP and its author agencies (Defenders of 
Wildlife et al. v. the U.S. Department of Interior 
and State of Wyoming 2010), plaintiffs argued 
that the BEMP violated the National Wildlife 
Refuge System Improvement Act (National 
Wildlife Refuge System Improvement Act 1997) 
by disrupting the biological integrity of the 
Refuge, and that the plan and the accompanying 
EIS violated NEPA because they were 
insufficiently detailed to allow a reasonably 
complete discussion of mitigation. The crux of the 
plaintiff’s argument was that the plan did not set 
a specific date for the cessation of supplemental 

feeding. In response, the agencies argued that 
the plan constituted a valid exercise of discretion 
and that it and the EIS were sufficiently detailed 
to satisfy the requirements of NEPA.  In March 
2010 the United States 4th District Court sided in 
favor of the agencies in this case.  In 2011 the 
plaintiffs appealed this ruling to the United States 
4th Circuit Court.  The Circuit Court affirmed the 
District Court ruling (Defenders of Wildlife et al. v. 
the U.S. Department of Interior and State of 
Wyoming 2011).   
 
 [any additional BEMP background needed in 
Intro?] 
 
National Environmental Protection Act 
Compliance 
 

The 1970 National Environmental Protection Act 
(NEPA; 42 U.S.C. 4321 et seq.) established 
national environmental policy and goals for the 
protection, maintenance, and enhancement of 
the environment on and provides a process for 
implementing these goals within the federal 
agencies.   Section 102 requires federal agencies 
to incorporate environmental considerations in 
their planning and decision-making through a 
systematic interdisciplinary approach. 
Specifically, all federal agencies are to prepare 
statements assessing the environmental impact 
of and alternatives to federal actions affecting 
the environment. Statements typically occur at 
three levels of analysis: categorical exclusion 
determination; preparation of an environmental 
assessment/finding of no significant impact 
(EA/FONSI); and, for major federal actions, 
preparation of an environmental impact 
statement (EIS).  

 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
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not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   

 
Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 

planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 
objectives, 2 knowledge of the dynamics of the 
system being managed, 3) clearly articulated 
management actions and strategies, and 4) a 
monitoring program to evaluate responses of the 
system to management actions (Walters 1986).   
 

 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  



 

 7  
 

OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 
goals, 20 associated objectives were addressed 

(Table 1).  This adaptive management plan 
addresses four objectives under the goal of 
sustainable populations (Fig. 6). 
 
In Phase 1 of the second objective, the aim is to 
reduce the average number of elk on feed to 
5,000 (while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP-adopted objective of 500. In 
Phase 2, the overall objective is to reduce the 
reliance of bison and elk on supplemental feed 
(USFWS and USNPS 2007a).  Desired conditions 
include animals relying predominantly on native 

Table 1.  2007 Bison/Elk Management Plan Goals 
and Objectives (Adaptive Management Plan 
objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives: 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 

• Phase reduction of animals on feed: 1) to 
5,000 elk and 500 bison, and 2) elk and 
bison rely predominantly on native habitat. 

• Maintain natural bull-to-cow ratios in park 
summer herd. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 11,000. 
• Maintain a genetically viable bison 

population of about 500 animals. 
Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk from 
elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

• Educate hunters about wildlife disease 
human health hazards. 
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habitat and cultivated forage. Important 
consideration criteria for implementing Phase 2 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
private lands during high risk disease 
transmission periods, 4) maintaining desirable 

winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 

 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  

The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The adaptive 
management approach will necessarily be one of 
trial and error, constant evaluation, modifications 
to approach when indicated, and repeated trials 
(Fig 4).  As such the approach will also be 
experimental, but it will be guided by rigorous 
analysis and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,000 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 

to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000.  Unfortunately, however, its winter 
distribution has changed fundamentally, favoring 
an increasing trend of even higher proportions of 
the herd on NER feed during winter (Fig. 6). [add 
additional information Doug B. presented at one 
of our meetings] 
 
The factors responsible for this change are 
unknown but are likely a combination of weather 
conditions, elk behavior and shifts in elk 
distribution, possibly influenced by the presence 
of wolves in some historic native winter ranges.  
Regardless of the reason, this trend is the reverse 
of what is desired and will make achieving the 
Phase I objective of 5,000 elk on feed, and future 
reductions, more difficult.  
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013, and in recent years irrigation of 
approximately 3,600 acres has increased forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone. 
 
[any other changes to include here?] 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
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of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.   
 
Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs per acre at key index sites 
and is considered conservative in terms of elk 
nutritional needs. Available winter forage for elk 
and bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  

 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 

Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 
lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February classification 
counts, 2011–2013, relative to the current objective. [update through 2015] 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range1 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 
 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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(SD = 56) hunters harvested 161 (SD = 38) elk per 
year during the NER hunt. 

  
The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 7).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5) 
bison per year.  This level of harvest has been 
sufficient to arrest the exponential growth of the 
population, reducing bison numbers from the 
peak in 2007 to about 700 animals in winter 2015 
(Fig 3). Tribal bison harvest of up to 5 animals for 
ceremonial purposes was authorized in the 
BEMP.  Translocation of wild bison to lands 

outside of Teton County is not currently 
permitted due to brucellosis concerns.  

Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions. For example, an emergency extension 
of the season (up to 31 January) could occur if 
mild winter conditions precluded desired harvest 
earlier in the season, while an emergency closure 
may be necessary if winter conditions required 
feeding to commence before the predetermined 
season end date.  
 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER rear around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 
and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease within several days to weeks of the 
bison season in an effort to increase hunter 
harvest.  
 
Vegetation Restoration and Protection 

 
  Figure 7.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 
implementation, followed by what remains to be 
accomplished] 
 
[Eric, anything you want to include in this section 
for NER?  Think in terms of providing background 
(current management) for anything you want to 
include in the budget for future actions 
(management strategies), so when it comes time 
to ask our agencies for funds it will be covered] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 

and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 
  
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
includes ground counts of animals on feed at the 
NER and aerial counts of outlying bison across 
their winter ranges on the refuge, park, and 
Bridger-Teton National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity.  For example, if 
5,000 were elk fed for 100 days during the 
winter, feeding intensity for that winter would 
equal 5,000 elk X 100 days = 50,000 EFD, whereas 
if 5,000 elk were fed for 50 days, EFD would equal 
25,000. 
 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 

bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Elk-fed-days will be determined each winter by… 
[Eric add methodology here] 
 
Several management constraints are common to 
the strategies discussed below (Table 4).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements.  
Similarly, compliance with the Wyoming greater 
sage-grouse core area protection executive order 
(2011-5) could restrict habitat manipulations.  
NEPA compliance conducted as part of the 
BEMP/EIS constrains what federal actions can be 
taken as a part of this plan.  State regulations 
constrain late (winter) hunt and carcass disposal 
timing to protect against brucellosis 
contamination, since February-April represent 
the period bison and elk are most likely to 
transmit the disease.  Restrictions on hunting 
timing also result from BTNF winter range 
closures, immediately east of the NER and 
elsewhere, December 1 to April 30.  Additional 
details about these and other constraints will be 
included in discussions about specific strategies 
that follow. 
 
Strategies 
 
Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies for 
initiating change involve several flexible 
parameters of winter feeding and harvest.  To a 
lesser extent, vegetation protection and 
restoration can be important, particularly for 
improving long-term ecological balance and 
enhancing natural production of native forage.  
Private lands are also an integral component as 

Table 4. Summary of Adaptive Management 
Plan constraints.  
Policy 
ESA1 Lynx – limits on habitat impacts 
Greater Sage Grouse – core area protection 
2007 BEMP/EIS (federal actions/lands) 

• No fertility control 
• No test and slaughter 
• Limited tribal harvest 

Bison/elk hunt end date (Feb. 1st)  
• WGFD, brucellosis safety 

Carcass disposal (Feb. 15th) 
• WGFD, brucellosis safety 

Forest Service winter closure (Dec. 1st – April 30th) 

Easement limitation (NER boundary) 
Winter Feeding 
Only during non-hunting periods 
Harvest 
State regulations 
Vegetation Restoration/Protection 
Bison/elk distribution 
Exotic species management 
Private Lands  
Owner agreements 
Social 
Hunter density 

Elk/bison winter mortality levels 

Public safety (ungulate/vehicle collisions) 

Disease  

Land-use conflicts (agricultural and residential) 

Biological 

Disease (bison/elk/cattle commingling) 

Sage grouse habitat conflicts 

Fencing/wildlife conflicts 
Elk herd distribution 

• summer segment distribution goals 

Funding 
Easement purchase 
Plan implementation 
1Endangered Species Act 
 

 

Commented [S7]: We could continue to discuss the remainder 
of constraints here if preferred. 



 

 13  
 

changes in elk and bison distribution occur and 
new challenges develop.  The likely consequences 
of implementing these strategies were evaluated 
in the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously, systematically, 
slowly. The strategies discussed below have been 
developed in this context, with appropriate 
feedback mechanisms through rigorous 
monitoring and frequent evaluation.   
 
Winter Feeding 
Winter feeding parameters that could be 
modified include starting date, ending date, and 
daily ration.  To modify elk and bison behavior in 
the long run, delaying initiation of feeding is likely 
to have the greatest impact by gradually 
conditioning them to expect feed later on 
average.  To reduce supplemental feeding overall, 
ending feeding early would also help decrease 
the amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   
 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 5, Fig. 8).   Time of season could 
influence this interval, most likely shortening it as 
the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from ? [date] to ? [date].  Delaying feeding by two 
weeks in January, for example, is likely to be 
more successful than doing so in February, when 

food stress and tendency for animals to move to 
private lands is greater.  Forage availability could 
also have an influence, particularly if a freeze 
thaw event resulted in an acute and large 
reduction in available forage.  Both time of 
season and forage availability considerations 
would be affected by the numbers of elk and 
bison on the NER.  And finally, the distribution of 
animals, particularly on private, livestock 
producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer because of being displaced by 
more dominant animals.  Monitoring programs 
will include measures of calf mortality and it will 
be an influencing parameter in feedback 
mechanisms (Fig. 8).  The BEMP anticipated that 
elk mortality could increase from 1-2% overall to 
1-5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or ??% based on an average 
feeding season length of ?? weeks from 1996-
2015. 
 
The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites, in a larger geographic area, and on-going 
measurements at those sites throughout the 
winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing limited any elk permits throughout the 
season, considering allowing bow hunting near 

Commented [S8]: Eric 
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developed areas (roads and buildings) and 
shifting the season about a week later (Table 5).  
Allowing a limited number of any elk permits 
would be consistent with providing sport hunting 
recreation on National Wildlife Refuges (citation, 
NWR system act) and the NER (citation, CMP?), 
and possibly encourage more hunters to 
participate in antlerless elk hunts.  Monitoring 
programs and consideration of bull ratios in the 
GTNP summer segment (since most park bulls 
migrate to the NER) would help inform levels of 
take proposed.  Shifting the hunt one week later 
is consistent with later migrations and the 
availability of elk to harvest on the NER in recent 
years. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.   
 
Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 5).  Consideration would be given to later 
hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary toward the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, State 
quotas will likely be reduced and management 
flexibility will increase. 
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 

spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Fig. 9). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   
 
Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in some changes in bison and elk 
distribution (Appendix 1).  Some elk or bison may 
move to private lands in search of forage.  Of 
greatest concern is the potential for elk or bison 
to commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 
Several strategies would be employed to mitigate 
potential problems (Table 5), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas [need to 
provide some examples],  private lands easement 
acquisitions, and working with WGFD to create a 
private lands conflict mitigation and hunting 
coordinator position.  This position would assist 
both with elk and bison distribution issues and 
with facilitating higher elk harvests in Hunt Area 
78.  It would also be critical for accomplishing 
expanded monitoring associated with this plan 
(see Monitoring section below). 
 
Vegetation Restoration/Protection 
 
[NER and GTNP staff to draft material] 
 
Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
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regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 

Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012 [verify year].  ERP 
permit structures in the park will remain 
antlerless only unless the bull ratios consistently 
exceed 35:100 cows.  Park and refuge officials will 
work together to support this goal, recognizing 
that bulls harvested on the NER are most likely 
from the park summer herd segment. 
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Table 5.  Comparison of current and adaptive primary management components and parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring: [incomplete]    
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold  <= 10%  
  Elk/bison distribution - visual    
  Elk/bison distribution –  
  collars 

   

  Winter mortality    
  Elk summer range 
  proportions 

   

    
Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 
   Structure  - 1 week initial drawing 

- 1 week left over 1st 
served 
- partial week alternate 

- 1 week initial drawing 
- 1 week left over 1st 
served 
- partial week alternate 
- daily 1st served 
alternates 

 

1Number elk and bison on feed per day, totaled by feeding season. 
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Table 5, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 

Table 5, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   Landscape damage    
   Easement acquisition    
[could be further organized 
geographically or by 
ranch/property] 

   

    
Vegetation Restoration/ 
Protection: Elk Refuge 

   

[to be completed]    
Vegetation Restoration/ 
Protection: Grand Teton 

   

[to be completed]    
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Figure 8.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure 9. [example] Framework for harvest strategy and adaptive management. 
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Strategies Considered But Rejected 

The BEMP considered several additional strategies for elk and bison management that, for a variety of 
reasons, were not selected for implementation in the preferred alternative and Record of Decision.  The 
agencies reconsidered a subset of these during the development of this AMP (Table ??).  Since they 
were not part of the ROD, additional NEPA compliance would be necessary to incorporate any of them 
into this adaptive management plan, and thus they are not being considered at this time.   

, 

 

MODELS OF SYSTEM DYNAMICS [Jeff] 

 

MONITORING [Eric] 

 

EVALUATION/FUTURE MANAGEMENT 

 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term 
commitment.  Change is unlikely to happen fast, 
and interpreting effects of adaptive management 
actions will be complicated by varying 
environmental conditions from year to year.  
Consequently, we anticipate that the strategies 

outlined in this plan will be in place for a 
minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 
an annual adaptive management update/report, 
completed by the end of March for the previous 
year.   

Table ??.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due to 

major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest herd 
segment in Hunt Area 78 on private lands, where federal 
agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for AMP 
because current hunting programs appear effective at slowly 
moving the herd toward the 500 animal herd objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands because 
current hunting programs that utilize sport hunters are 
effective at meeting herd objectives. 

Altering rations of supplemental feed? Perhaps refer to appendix or side bar/box 
Modifying herd objectives? Side bar/box discussion? 
  
  
1 Page 77 at http://www.fws.gov/bisonandelkplan/Final%20EIS/Volume%201/4_Chapter_2_Alternatives.pdf 
2 USFWS and NPS 2007? 
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PUBLIC OUTREACH AND EDUCATION [need input from group, Steve K] 

 

SCHEDULE 

 

 

Table 10. [example] Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 
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BUDGET 

 

 

Table 11.  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment distribution1      
     Expanded standing forage estimates1      
     Winter bison/elk distribution      
Irrigation      
Bison barrier at NER south entrance      
Adaptive Management Plan annual reporting      
Private lands:      
     Easements / Acquisition      
     Damage reimbursements (Wyoming)      
     Conflict mitigation coordination (Wyoming)      
Vegetation restoration/protection1      

Subtotal      
Grand Teton National Park:      
Monitoring:      
     Summer elk classification/distribution      
     Hunter harvest      
     Harvest age distribution      
     Transition range forage production/utilization      
Vegetation Restoration/Protection      
     Temporary bison fencing      
     Hayfields restoration [perhaps acres/year]      
     Exotic plant mitigation      
     monitoring      
Elk Reduction Program      

Subtotal      
Wyoming Game and Fish Department:2      
Private lands:       
     elk harvest coordination      
     Easements / Acquisition      
     Damage reimbursements      
     Conflict mitigation coordination      

Subtotal      
Grand Total      

1 See detail in Appendix      
2  Through Interagency Agreement      
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APPENDIX __.  Summary of primary potential impacts associated with reduced supplemental feeding, as identified in alternative 4 environmental consequences section of the Final Bison and Elk Management Plan/Environmental Impact 
Statement (USFWS and USNPS 2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter forage production, assessments of forage utilization (done jointly by WGFD and NER personnel), elk condition and movements, and 

potentially on the January 1 index of winter severity calculations for elk (Farnes, Heydon, and Hansen 1999). 
• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition (negligible adverse effect on NER elk from lower nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider distribution. 
• Elk use of lands surrounding the NER would increase, including: 

o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNP 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and Gros Ventre segments. 
• As ungulate numbers decreased and supplemental feeding was reduced, competition and aggressive social interactions on the refuge would also be reduced. 
• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability would have a greater influence on numbers, movements, distribution, and mortality. 
• More elk would be subject to natural factors affecting mortality, including loss of body condition, predation, and starvation. 
• Increased mortality on and off the refuge would mainly affect older elk and calves, and some prime bulls entering the winter energetically stressed due to rut activities. 
• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due to tuberculosis, septicemic pasturelosis, and CWD. 
• The health and sustainability of the Jackson elk herd would be increased gradually as supplemental feeding was reduced and there was greater reliance on standing forage and wider ungulate distribution. 
• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and potential transmission of brucellosis, as well as potential for spread of diseases not yet in the population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, to coordinate actions that would prevent conflicts due to elk dispersal and to defray costs of managing potential conflicts. Preventing 
access to food/hay rewards on private lands would be vital for effective management. 
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• Private land conservation easements within NER boundaries would promote wider distribution.  
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From: Jeffrey Warren
To: Steve Kallin
Subject: FW: AMP Monitoring Section
Date: Wednesday, July 08, 2015 1:37:01 PM
Attachments: NER_draft_AMP_26_May_2015_kmurphy.docx

Steve,
 
Here is my email from last month, and I attached a version of the AM plan with Kerry’s comments.
 
Cheers,
 
Jeff Warren
406 276-3536 ext. 106
 
 
“I believe that a scientist looking at nonscientific problems is just as dumb as the next guy.”  Richard
Feynman
 
“A great many people think they are thinking when they are merely rearranging their prejudices.”
William James
 
From: Jeffrey Warren [mailto:jeffrey_warren@fws.gov] 
Sent: Friday, June 26, 2015 8:37 AM
To: Eric Cole; Steve Kallin
Subject: RE: AMP Monitoring Section
 
I just read through the modeling section again, and looked at Kerry’s comments, and think it is fine
to include as is in the next version for the group. Kerry’s comments in the modeling section are likely
better addressed in the introductory sections, so I’ll leave that to Steve to address.
 
Cheers,
 
Jeff Warren
406 276-3536 ext. 106
 
 
“I believe that a scientist looking at nonscientific problems is just as dumb as the next guy.”  Richard
Feynman
 
“A great many people think they are thinking when they are merely rearranging their prejudices.”
William James
 
From: Cole, Eric [mailto:eric_cole@fws.gov] 
Sent: Friday, June 19, 2015 2:35 PM
To: Steve Kallin; Jeffrey Warren
Subject: AMP Monitoring Section
 
Please see the attached draft monitoring section for the AMP.  Given our discussion about the
intended audience of the AMP, I have made things less technical and specific.  This will



ensure that the public and regional office will understand it, but many details will need to be
fleshed out prior to us implementing monitoring.  Some cost details also need to be worked
out. 
 
Eric Cole
Refuge Biologist
U.S. Fish & Wildlife Service, National Elk Refuge
Jackson, WY
307.201.5432
 
"...individually we contribute little or nothing to the truth, by the union of all a considerable
amount is amassed."  Aristotle
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INTRODUCTION 
 
Winter feeding of elk in Jackson Hole began in 1910 and was originally initiated to reduce 
winter mortality of elk and minimize depredation of ranchers’ hay. Today, the need for winter 
feeding of elk on the National Elk Refuge (NER) is a direct result of reduced access to significant 
parts of elk native winter range, loss of historic migration patterns, behavioral conditioning of 
elk to winter feeding, and the desire to maintain a population objective established in the 
context of supplemental feeding. Litigation in 1998 prompted cessation of bison hunting on 
NER due to insufficient environmental analysis.  As a result, a six nine year planning effort was 
undertaken to address a suite of issues associated with inter-agency bison and elk management 
in the Jackson Hole area, culminating in 2007 with the Bison and Elk Management Plan (BEMP; 
USFWS 2007a, http://www.fws.gov/bisonandelkplan).    
 
The BEMP considered six alternatives for bison and elk management focused on four broad 
goals: 1) sustaining native habitat; 2) promoting sustainable populations; 3) maintaining 
population sizes; and 4) preventing spread of disease.  The selected alternative proposed to 1) 
maintain the Jackson Elk Herd (JEH) at the Wyoming Game and Fish Department’s (WGFD) 
objective of 11,000 (± 10%), 2) establish a bison population objective of 500, 3) restore habitat 
on the NER and in Grand Teton National Park (NP), 4) continue hunting of bison and elk on the 
NER, 5) continue the elk reduction program in Grand Teton NP, 6) continue to vaccinate elk for 
brucellosis, and 7) develop an adaptive management plan for decreasing the need for 
supplemental feeding on the NER. The latter need, as articulated in the Sustainable Populations 
goal of the BEMP, provides the nexus for this Adaptive Management (AM) plan.   
 
The Sustainable Populations BEMP goal is to ‘contribute to elk and bison populations that are 
healthy and…at reduced risk from the adverse effect of non-endemic diseases’. The goal 
comprises four objectives, including the development of an AM plan to reduce reliance of elk 
and bison to winter feeding on the NER following a two-phased approach (Fig. 1). The first 
phase sets initial population objectives of 5,000 elk on winter feed at the NER and 500 bison in 
the Jackson Bison Herd (JBH). The second phase calls for elk populations that are adaptively 
managed to ‘achieve desired conditions, with animals relying predominantly on native habitat 
and cultivated forage’ (BEMP; USFWS 2007a).  
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Figure 1. Relationship of Adaptive Management Plan to the Bison and Elk Management Plan 
(USFWS 2007a) goals, objectives, phases, and consideration criteria for reducing the reliance of 
elk and bison to supplemental feed. 
 
The first phase objective of 5,000 elk was based on predictions of the Forage Accounting Model 
of Hobbs et al. (2003). Simulations indicated that ‘in average SWE [snow-water equivalent] 
winters with average pre-winter precipitation and 500 bison, roughly 16,000 elk can find forage 
on the Greater Teton Ecosystem without incurring forage deficits and roughly 5,000 elk can find 
forage on the NER without incurring deficits.’ The combined probability of experiencing average 
pre-winter precipitation and average winter SWE in the Jackson Hole area is XX%, based on 
[what time series of climate data from what station] (need to use Hobbs’ data sources for 
this). Therefore, based on Forage Accounting Model predictions, 5,000 elk could winter without 
supplemental feed on the NER without incurring a forage deficit during X of 10 years on 
average. To achieve the objective of wintering elk relying ‘predominantly on native habitat and 
cultivated forage’, e.g., feeding occurring less than five of 10 winters, elk would incur a forage 
deficit X of 10 years on average. It is important to note that elk use stored energy reserves 
during winter, so incurring a forage deficit does not imply an immediate threat (Hobbs 1989, 
Cook 2002).But also overall, we expect winter mortality to increase as winter forage deficit 
increases.[this make the above discussion relevant] 
 

Formatted: Highlight

Formatted: Highlight

Commented [KD3]: Here is an opportunity to address the 
relationship between forage deficit, winter mortality, calf survival, 
and population trend.==>low  forage deficits will not necessarily 
lead to substantially reduced population sizes, even in the presence 
of limited increases in calf mortality.  These relationships might be 
important to articulate.  Otherwise, there is not much foundation 
here.   



4 
 

The second phase desired conditions on the NER relate to six considerations (i.e., criteria) as 
management action triggers for ‘progressively transitioning from intensive supplemental winter 
feeding to greater reliance on free-standing forage’ (BEMP; USFWS 2007a). These criteria are: 
1) Level of forage production and availability on the National Elk Refuge, 2) Desired herd sizes 
and ratios, 3) Effective mitigation of bison-elk-cattle mingling (hereafter ‘comingling’) on private 
lands, 4) Winter distribution patterns of elk and bison, 5) Prevalence of brucellosis, chronic 
wasting disease, and other wildlife diseases, and 6) Public support. Explicit values that can be 
used as management triggers were d 
efined in the BEMP for several, but not all, of the criteria. Forage production on irrigated areas 
of the NER, desired herd sizes and ratios, and winter distribution of elk and bison each have 
numerical objectives that can be used to trigger management actions based on assessment of 
those criteria. Conversely, co-mingling mitigation, disease mitigation, and public support lack 
numerical objectives that would facilitate creating triggers for management. 
 
Two of the four criteria with explicit numerical objectives defined in the BEMP are currently 
being met. The NER is meeting or exceeding forage production objectives, and the JEH is within 
population objective. Current harvest rates have been successful in incrementally reducing the 
Jackson Bison Herd, making achievement of that objective likely given current management 
strategies. However, winter distribution of the JEH is not at objective, and distributional trends 
have resulted in being farther from the objective now than at the completion of the BEMP. A 
greater proportion of the JEH currently winter on the NER than when the BEMP planning 
process began in 2000.  
 
Elk winter distribution 
Winter distribution is inseparable from either bison-elk-cattle mingling or disease prevalence 
criteria, with feeding ameliorating the former and exacerbating the latter. Winter feeding 
minimizes co-mingling issues by concentrating elk and bison on publicly managed feedgrounds, 
minimizing the number of elk and bison on private lands adjacent to the NER. Conversely, 
concentrating elk on feedgrounds results in higher rates of endemic disease transmission 
(Murie 1951, Franson and Smith 1988, Samuel et al. 1991, Herriges et al. 1992, Smith and Roffe 
1997), greater potential for amplification of prevalence of non-endemic diseases (e.g., chronic 
wasting disease [CWD]; Williams et al. 2002, Miller et al. 2004, Monello et al. 2014), and creates 
relatively unique disease issues for wild ungulates such as hoof rot (USFWS unpubl. data).  
 
Management actions intended to distribute wintering bison and elk to meet BEMP objectives 
may initially result in an increase in private lands conflicts. Bison-elk-cattle mingling will 
increase as bison and elk disperse from the NER looking for alternative forage resources. 
Similarly, dispersing bison and elk may end up in residential areas or on/near public roadways.  
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Effective mitigation of co-mingling will take a suite of tools (e.g., private lands easements, 
fencing, hazing) to be employed throughout the life of this plan. WGFD currently monitors 
wildlife damage claim reports for the Jackson Region; this information provides an important 
baseline and metric for quantifying potential increases in private lands conflicts moving 
forward. 
 
The efficacy of reducing disease threat by achieving elk winter distribution objectives is disease-
specific and varies due to the scale and time dependence of elk density on the NER versus 
native winter range.  Assuming 7,500 wintering elk on the NER, estimated elk density is 77 elk 
per km2 for the entire refuge,  370 elk per km2 for the 5,000 acre supplemental feeding area, 
and 4,630 elk per km2 for the 400 acre area on which elk are fed within any given day (USFWS, 
unpubl. data). For comparison, cow elk had a 0.08 (95% BCI=0.05, 0.12) annual incidence of 
CWD at an estimated 15-110 elk km-2 on native winter range in Rocky Mountain NP.  We 
anticipate lower average elk densities in the JEH associated with AM plan implementation 
resulting from decreased elk use of feedgrounds and increased use of native winter range, but 
predicting the magnitude of disease transmission and prevalence reduction resulting from this 
change in elk distribution is difficult and disease-specific.   
 
Supplemental feeding is a primary driver of the proportion of the JEH that winter on the NER. 
However, other factors such as weather, forage availability, predators, hunting, and migratory 
behavior also influence this metric (Fig. 2). At the completion of the BEMP it was believed that 
achieving the JEH population objective would be the primary means to reaching the phase 1 
objective of 5,000 elk wintering on the NER. However, the proportion of the JEH that winter on 
the NER has increased, not decreased, since completion of the BEMP and achievement of the 
JEH population objective. The increase in the proportion of the JEH wintering on the NER also 
occurred concurrent with a relatively constant initiation criterion for winter feeding and high 
harvest pressure on the NER. It is therefore likely that factors other than winter feeding and 
harvest are contributing to the recent increase in the proportion of JEH elk wintering on the 
NER. 
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Figure 2. Influence diagram depicting factors (including management actions) influencing 
outcomes identified in the Bison and Elk Management Plan (BEMP; USFWS 2007a). Gray 
hexagons represent outcomes, rectangles represent management actions, rounded rectangles 
represent factors with numerical objectives, and ovals represent factors outside of 
management control. Bolded polygons and arrows represent outcomes and factors limited to 
the National Elk Refuge (NER). Available standing forage on the NER (dashed rectangle) is the 
BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
 
Several hypotheses have been posited for the observed increase in the proportion of the JEH 
currently wintering on the NER, including increased wolf presence on native range and an 
increasing segment of short-distance migratory elk in the JEH. Elk wintering on native range 
may have been displaced as the wolf population reintroduced into Yellowstone NP increased in 
abundance and their range expanded. Most native winter range of the JEH is north of the NER 
and south of Yellowstone NP. As predation pressure increased on more northerly winter range, 
elk moving to areas of lower predation risk likely moved south and encountered feeding 
operations at the NER. If wolves are deterred by frequent presence of agency personnel Commented [KD8]: Seems like this explanation can be 

explained with more detail:   point out decreased elk calf and adult 
survival associated with northern portion of the herd, and the 
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that interacts with “displacement” effect.  
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conducting feeding operations, feedgrounds may continue to attract elk due to lower predation 
risk than native range (citations; check Creel and Winnie 2005).  
 
The JEH comprises both short-distance and long-distance migratory elk segments. Short-
distance migratory (SDM) elk summer within 8–10 km west and northwest of the NER, winter 
predominantly on the NER, and migrate relatively late to winter range relative to long-distance 
migratory (LDM) elk (Cole et al. 2015). From 1978 to 2012 the proportion of the JEH comprising 
SDM elk increased from ≈1% to 41%, with the increase correlated with greater calf:cow ratios in 
SDM elk segments than LDM elk segments (Cole et al. 2015). The proportion of SDM elk in the 
JEH has simultaneously increased with the increasing proportion of the JEH that winter on the 
NER, leading to the hypothesis that the recent increase in the proportion of the JEH on the NER 
during winter is largely attributable to growth of the SDM elk segment. 
 
The relationship between the observed increase in proportional winter use of the NER by 
wintering JEH elk and harvest pressure is less clear. “In recent years, hunting seasons have been 
designed to protect long-distance migratory (LDM) elk while increasing harvest of SDM elk. 
Since 2012, no limited quota any-elk licenses have been offered in the hunt areas that focused 
hunting pressure on LDM.  Hunter numbers since 2012 (2012–2014) averaged 2,985 hunters.  
Although hunting seasons and quotas have become more conservative for the areas where 
LDM are more vulnerable, the hunt units for the SDM have been liberalized through the 
addition of license types and extending season lengths to the end of January (Hunt Area 78)” 
(Cole et al 2015).  Despite these efforts to modify harvest pressure, the proportion of the JEH 
wintering in NER has increased significantly since 2000.  
 
Elk calf winter survival and forage deficits 
Elk calves are disproportionately susceptible to winter mortality compared to older elk age 
classes (citations), although factors that influence calf survival are not unique to this age class 
(Fig. 3).  Calves have lower body fat reserves than adults at winter onset, which makes them 
more susceptible to limited forage supplies and starvation-related mortality.  Lower surface 
area to volume ratio associated with smaller body size also facilitates heat loss and necessitates 
greater energy expenditures to maintain body temperature relative to adults.  Inexperience can 
make elk calves more susceptible to predation by wolves and mountain lions.  Weakened 
condition associated with nutritional stress can also increase susceptibility to predation, 
infectious diseases and parasitism (citations).   
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Figure 3. Influence diagram depicting factors (including management actions) influencing bison 
and elk fed days on the National Elk Refuge (see text for description) and winter calf elk 
survival. Gray hexagons represent outcomes, rectangles represent management actions, 
rounded rectangles represent factors with numerical objectives, and ovals represent factors 
outside of management control. Bolded polygons and arrows represent outcomes and factors 
limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed 
rectangle) is the BEMP criteria with a defined threshold to trigger initiation of supplemental 
winter feeding. 
 
Winter survival of calf elk is higher in feedground areas than on native winter range (Smith and 
Anderson 1998, Hobbs et al. 2003). The public has become accustomed to higher winter calf 
survival on the NER, and respond negatively during winters when survival is noticeably reduced 
(E. Cole, pers. comm.). While not explicitly defined as a desirable outcome in the BEMP, the 
Over-Winter Mortality Model of Hobbs et al. (2003) made predictions regarding elk mortality as 
a function of forage deficits.  For example, the model predicted 4% calf mortality during an 
average winter with JEH population of 6,000 and 42% calf mortality during a severe winter with 
18,000 elk in the JEH. Conversely, adult cow mortality ranged from 1% to 25% in the same 
scenarios. Making adjustments to the criterion used to initiation winter feeding will therefore 
likely disproportionately affect calf survival, making it an important demographic rate to 
monitor to help minimize unacceptable declines in elk calf winter survival while progressively 
transitioning bison and elk from intensive supplemental feeding. Moreover, it provides a means 
of validating models from Hobbs et al. (2003), which was integral in development of the BEMP.  
 
Adaptive Management Plan Approach  
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The AM approach considers management as an ecological experiment, incorporating learning 
as part of management to reduce existing uncertainties regarding how the system responds to 
management actions (Macnab 1983, Walters 1986, Nichols and Williams 2006). Conflicting 
ideas of system dynamics can be formalized as competing models and tested through 
implementation of management actions designed as hypothesis tests (citation from AHM). 
Conversely, if a system is relatively well understood, the AM process may include a single model 
with management experiments intended to increase understanding of known primary system 
drivers. For example, winter feeding is believed to be a primary determinant of elk distribution 
in the Jackson Hole area, but considerable uncertainty exists regarding how elk behavior, and 
resultantly winter distribution, will respond to changes to winter feeding on the NER.  
 
This AM plan acknowledges conditions identified within the BEMP relevant to this plan that are 
already being met, i.e., forage production on the NER and JEH population, and does not address 
them further. Similarly, current bison harvest management is likely to achieve the bison 
population objective in the near future, and therefore is also not considered further.  The focus 
of this AM plan is altering the winter distribution of elk to minimize disease threat currently 
associated with winter feeding. This will result in progressively transitioning elk and bison from 
winter feed on the NER to being predominantly reliant on free-standing forage (USFWS 2007a). 
Considerable uncertainty exists regarding the timing of that transition, with conflicting 
objectives of minimizing bison-elk-cattle mingling on private lands, minimizing publicly 
unacceptable elk winter mortality events, and achieving winter distribution objectives to 
minimize threat of non-endemic diseases. 
 
AM Plan Scale  
 
Elk have been fed all but nine winters on the NER since 1912, and bison have been fed there 
since 1980.  As a result, elk and bison have been conditioned to seek supplemental food on the 
NER, even when natural forage may be available. Considerable uncertainty exists regarding how 
to modify this behavior on both temporal and spatial scales. Elk demonstrate high fidelity to 
winter range (Smith and Robbins 1994) and are relatively long-lived (Houston 1982). For 
example, based on current estimates of annual JEH cow elk survival, nearly 40% of individuals 
alive in a given winter would be alive five years later (Cole et al. 2015). This results in 
generational time scales necessary for implementation of management actions and monitoring 
of response to those actions. To account for the expected lag in behavioral response to changes 
in winter feeding it is believed that those changes need to occur during 3–6 year treatment 
blocks (i.e., conduct 3–6 years of winter feeding with the same initiation criteria). More 
immediate progress toward ‘progressively transitioning from intensive supplemental winter 
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feeding to greater reliance on free-standing forage’ will be quantified based on the number of 
elk-fed and bison-fed days (EFD and BFD; see description below).   

It is assumed individuals that have learned to rely on supplemental feed will be relatively 
tolerant of proposed changes to winter feeding. If this assumption is correct, changes to winter 
feeding will incrementally reduce the proportion of individuals in the JEH wintering on the NER 
by two primary mechanisms. First, an unknown proportion of adults will disperse from the NER 
in response to changes to winter feeding. This scenario provides the greatest potential for 
conflict as animals move off of the NER onto adjacent private lands in search of forage. Second, 
the proportion of individuals that learn to rely on winter feeding will be reduced. For example, 
shorter feed seasons will decrease the probability that calves will encounter, and learn to 
expect, winter feed on the NER. Over time this will lead to a greater percentage of elk utilizing 
native winter range instead of NER feedgrounds.  

This plan is implementing the Winter Distribution management strategy, which includes 
primary management actions that will occur both on and near the NER (e.g., NER winter 
feeding changes and private lands co-mingling mitigation). The spatial focus of individual 
actions will therefore vary from the NER, Grand Teton NP, Bridger-Teton National Forest (NF), 
and on non-federal lands in collaboration with land owners and WGFD.  
 
Management Actions 
 
Alternative management actions were identified during meetings held at the NER in 2013 and 
2014 with NER, Grand Teton NP, WGFD, and Bridger-Teton NF representatives. Actions were 
grouped into management strategies, i.e., collections of actions that form complete and 
comparable alternatives (Gregory et al. 2012). A summary of management actions and 
strategies is provided in Appendix I. 
 
A diverse suite of potential management actions were considered and three primary strategies 
were created (Appendix I). The Winter Distribution strategy was selected for implementation 
within an AM framework because it was most consistent with the intent of the BEMP and the 
emphasis on winter feeding as a driver of winter elk distribution. This includes 1) alteration to 
the winter feeding initiation criteria, 2) continuation of late-season elk and bison hunts on NER, 
3) increased private lands work to mitigate co-mingling, and 4) increased public outreach. 
 
Winter feeding criteria— 
Current feeding initiation criteria are based on monitoring available forage at key index sites. 
When average available forage declines below 300 lbs. per acre at key index sites, biologists 
have recommended to NER and WGFD managers that feeding should be initiated.  Key index 
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sites are not randomly selected, but instead represent areas with the highest quality forage, 
which are heavily used by elk.  Future monitoring will include key index sites to facilitate 
comparison with past data collection, but will add additional spatially-balanced random sites 
stratified by plant community type to sample available forage in an unbiased manner.   The 
feeding initiation threshold will be changed from 300 lbs. per acre to 150 lbs. per acre.  We 
estimate that this will result in an average delay of X days in supplemental feeding initiation 
date at current NER elk and bison population levels.  
 
Current feeding termination criteria are subjective.  Typically the last day of supplemental 
feeding occurs within one week of the first day that snow pack reaches zero at the NER 
Headquarters snow monitoring site.  Monitoring will be enhanced to better quantify feeding 
cessation date including the use of photo points to quantify percent snow versus bare ground 
on NER and southern GTNP, but average feeding cessation date will remain unchanged in the 
implementation of the AM plan. 
 
Late-season elk and bison hunts— 
Brief paragraph on current late season hunt management and any changes that may occur. I 
thought there wasn’t much more that could be done on this front, so above stated there 
wouldn’t be meaningful changes – if that is not the case need to correct that.   
 
Private lands co-mingling mitigation— 
Brief paragraph on proposed efforts to mitigate co-mingling – may be some text below useful 
for this. We need to make sure the co-mingling mitigation tools are articulated and 
implementable; this can be started as soon as possible so that when we start adjusting feeding 
to change elk distribution we are a bit ahead of the game.  
  
 
Public outreach— 
Brief paragraph on proposed PO efforts – may be some text below useful for this. Should also 
include the public conflict monitoring as our means to track this (same for private lands 
mitigation?). 
 
OBJECTIVES 
 
This adaptive management plan is a step down plan of the Bison and Elk Management Plan 
(USFWS 2007a), utilizing National Environmental Protection Act (NEPA) approved objectives 
from the BEMP. BEMP objectives relevant to this plan are:  
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“By year one, develop a structured framework, in collaboration with the Wyoming Game 
and Fish Department, of adaptive management criteria and actions for transitioning 
from intensive supplemental winter feeding of bison and elk herds to greater reliance on 
natural forage on the refuge. Establish objective criteria for when supplemental feeding 
will begin and end in years when needed on the refuge.” 
 
“Implement a phased approach to reducing the number of animals on feed while 
achieving the state’s population objectives. The first phase objective will be to reduce the 
number of elk on feed on the National Elk Refuge to approximately 5,000 and achieve a 
target population of approximately 500 bison. The second phase objective will be to 
adaptively manage bison and elk populations to achieve desired conditions, with animals 
relying predominantly on available native habitat (on refuge, park, and forest lands) and 
cultivated forage (on the refuge).”  

 
The adaptive management process provides a framework for learning from management 
outcomes, i.e., learning is an objective of implementing adaptive management (DOI AM 
citation?). Therefore, the AM plan has additional objectives for increasing understanding of the 
relationship 1) between the timing of winter feeding initiation and elk winter distribution, and 
2) calf winter survival and per capita available forage at initiation of winter feeding. The latter 
provides an indirect validation of the Hobbs et al. (2003) models and simulations that provided 
initial estimates of the number of elk the NER could support during winter without incurring 
forage deficits.   
 
MODELS OF SYSTEM DYNAMICS 
 
Population of Interest 
A succinct and precise definition of the populations of interest is essential for developing 
models of system dynamics and appropriate monitoring, and determining if objectives are 
being met. Bison and elk populations of interest differ slightly in definition as stated in the 
BEMP objectives. The bison objective is for the post-hunt population within the Jackson Hole 
area (the Jackson Bison Herd [JBH]), inclusive of the NER. Conversely, the elk population 
objective for the NER is specific to the number of animals on feed at the refuge, and is a sub-
objective within the broader Jackson Elk Herd (JEH) (Fig. 4) post-hunt objective set by the 
Wyoming Game and Fish Commission (a governor-appointed policy-making board). Elk herd 
unit boundaries are determined by the WGFD and represent population boundaries where 
there is an estimated annual interchange with surrounding herds of <10% (Emmerich et al. 
2007).  Approximately 65% of the JEH winters on the NER based on February classification 
counts (see below for definition of classification counts; USFWS & WGFD unpubl. data). The 
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Jackson bison herd primarily winters on the NER (~90%), but range much further during the rest 
of the year (USFWS & WGFD unpubl. data) (Fig. 4).  
 
Determining if the BEMP population objectives are being met requires periodic estimates of the 
populations of interest. There are two components to the population objectives that need to be 
considered — where animals are and when they are there.  The BEMP bison population 
objective is the same for the JBH as it is for the NER, i.e., there is not a sub-objective specific to 
the NER as there is for elk. Moreover, the bison population objective is less temporally specific 
than that for elk, the former being an annual post-hunt population objective and the latter 
being defined based on the number of animals on feed. This aspect of the elk objective 
increases the difficulty in estimating the population of interest due to movements of animals 
into and out of feedgrounds during winter feeding. More importantly, the amount of time elk 
are on feed varies among years.   
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Figure 4. Jackson Elk Herd unit boundary, including the National Elk Refuge and Grand Teton 
and Yellowstone National Parks. INCLUDE BISON RANGE IN THIS FIGURE. 
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While not explicitly stated, the BEMP assumes annual classification counts would be used to 
determine if population objectives were being met, i.e., as a proxy for the number of elk on 
feed at the NER. Classification counts are a coordinated census of the JBH and JEH, 
collaboratively undertaken during early February by WGFD and the NER. These counts are 
undertaken during a single survey period and do not necessarily represent either peak or 
cumulative abundance (i.e., the greatest number of animals present on a single day during a 
winter, or the sum total of animals present throughout a winter, respectively) of bison or elk on 
feed. Elk and bison are enumerated by age and sex classes, providing population class structure 
information as well as overall abundance. A 5-10% difference typically exists between the 
classification count estimate and the daily number of elk on feed during peak abundance. Peak 
elk abundance on the NER during 2007–2013 occurred late February through the first week of 
March (USFWS unpublish. data) (Fig. 5). Proposed changes to winter feeding that would result 
in a later initiation of feeding could increase the difference between when the classification 
count is conducted and peak numbers of elk on feed. Proposed changes could also result in 
initiation of feeding on the NER after the classification count has been completed in some 
years. Lastly, the classification count may be replaced in the near future by survey (i.e., not a 
census) methodology used elsewhere in the state by WGFD for estimating elk abundance. The 
new survey methodology may not provide suitable NER-specific estimates of elk abundance for 
determining if NER population objectives are being met.  
 
Beyond logistical or methodological considerations, a single elk population estimate in time 
would not adequately capture the dynamic nature of elk abundance in relation to winter 
feeding on the NER. For example, 5000 elk on winter feed (the current BEMP Phase 1 objective) 
for three months would likely have a greater impact on NER habitats than 5000 elk on feed for 
a single month. The BEMP Phase 1 elk population objective is not defined by time, leaving it 
open for interpretation whether the objective was intended as a mean number of animals fed 
during a winter, a maximum number fed, or a cumulative number fed. To address this issue 
while staying within the implied intent of the BEMP, we chose elk-fed days (EFD; the cumulative 
number of elk fed during a feeding season) for determining if the elk population objective is 
being met. This number combines both the spatial and temporal aspect of animals on the NER, 
providing better accounting of potential effects than a single classification count. It is also 
believed that this is more consistent with winter carrying-capacity projections estimated in 
Hobbs et al. (2003). The Phase I objective of 5000 elk on feed is defined relative to elk-fed days 
as  
 

𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑑𝑑 ∗ 5000 elk, 
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where d is the mean number of days of feeding from 1995–2007 (64 days [SD = 22]). This time 
span was selected to maintain consistency with the data used in developing the BEMP. The 
benchmark historical value is then 320,000 EFD. Bison-fed days (BFD) can similarly be calculated 
as 31,500 BFD for bison using d = 63 days (SD = 22) and the bison population objective of 500 
animals. This latter value provides an important historical perspective on winter feeding of 
bison and can assist in determining efficacy of management actions toward accomplishing the 
bison objective; post-hunt bison abundance will be the definitive number used for determining 
if the bison population objective is being met.   

 
Figure 5. Mean daily elk abundance on the National Elk Refuge during winter feeding, 2007–
2013. Data are from feedline counts for calendar dates where feeding occurred during all 
years, i.e., February 12th (calendar date 43) through March 21st (calendar date 80). Counts 
were conducted from feeding equipment.   
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Models 
Models provide a simplified representation of the biological system being managed.  
Adaptive management uses models of the managed system to link the objective response (e.g., 
elk winter distribution) to changes in the system resulting from management actions (e.g., 
altered initiation of winter feeding).  
 
Paragraph on sources of error if needed? Should include process error in calf survival model. 
 
Elk winter distribution model 
The proportion of the JEH that winter on the NER will be linked to factors hypothesized to 
influence elk winter distribution (Fig. 2) using a generalized linear mixed effects model (GLMM). 
A GLMM can account for a proportional response variable (i.e., constrained to the interval 0–1) 
using a log link and binomially-distributed errors. A GLMM also includes fixed and random 
effects, with the latter capturing residual model variance otherwise not explained by fixed 
effects. Year will be including as a random effect, providing several benefits. First, we don’t 
assume years are independent and comprise all of the factor levels of interest. Instead, the 
effect of year is treated as a random variable, with individual year effects realizations of that 
distribution. This allows inference to non-sampled factor levels, i.e. years, by estimating a latent 
population-level proportion of elk expected to winter on the NER regardless of fixed effect 
influences. Thus, the random year effect can be considered a latent variable describing elk 
behavior manifested as observed winter distribution. Second, because year effects are not 
treated as independent, estimated effects of year on the proportion of JEH elk wintering on the 
NER are dependent on all factor levels, leading to greater precision when estimating individual 
year effects (Kéry 2010).  
 
The full GLMM incorporating fixed effects for each factor identified as influencing elk winter 
distribution (Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐸𝐸𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝐸𝐸𝑆𝑆𝑡𝑡 + 𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝐸𝐸𝑡𝑡 + 𝜀𝜀𝑡𝑡 
 
where the random intercept and residual model variance are 
 

𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0
2 ), and 

 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
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Fixed effects include 1) per capita available forage at initiation of winter feeding (AFI) , 2) 
proportion of the JEH that are short-distance migrants (SDM), 3) number of wolf packs present 
on JEH native winter range (WP), 4) growing season (May–August) precipitation for the 
Wyoming Snake Drainage climate division (GSP; a proxy for available forage on native winter 
range), and 5) snow water equivalent on 1 January at Thumb Divide (SWE; a proxy for early 
winter severity).  
 
Elk calf winter survival and forage deficits 
The Forage Accounting Model of Hobbs et al. (2003) has as an output weekly available forage 
biomass for the NER (sum of predictions for 30 × 30 m cells). These predictions account for 
snow conditions using a proxy of SWE and decrement total available biomass by 35% to account 
for unpalatable plants within the total estimate.  
 
While calf survival is a function of multiple factors (Fig. 3), the primary management action 
influencing calf survival is supplemental winter feeding. Current winter feeding initiation 
criteria lead to calf survival generally higher than in unfed populations. Proposed feeding 
initiation criteria will result in later initiation of supplemental feed, which will be most 
influential to calf survival. There is currently little understanding regarding the relationship 
between initiation of winter feeding and calf survival, except that current feeding initiation 
criteria result in high calf survival. We believe a threshold level of available forage at initiation 
of winter feeding exists such that winter calf survival reaches an asymptote. Below this 
threshold, calf survival is hypothesized to decline quickly with reductions in available forage at 
winter feeding initiation. Available forage at the initiation of winter feeding will be related to on 
elk calf winter survival using a saturating function (i.e., Holling type-II functional response; Fig. 
6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐸𝐸𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐸𝐸𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf survival is related to available forage. Maximum 
calf survival is a, and b represents the value of available forage to an individual when survival is 
50% of a (Hilborn and Mangel 1997).  
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Figure 6. Hypothesized relationship between winter survival of elk calves and per capita 
available forage at initiation of winter feeding on the National Elk Refuge.  
 
Although this approach doesn’t capture forage deficits per se, it does provide a potentially 
sensitive proxy for this concept. It is assumed that a forage deficit for calves would occur at a 
point on the curve of the relationship between calf survival and available forage at initiation of 
supplemental feeding. Modeling the response of winter calf elk survival to changes in feeding 
initiation criteria facilitates our ability to maximize the influence of feeding initiation criteria on 
winter distribution while minimizing the likelihood of a large mortality event.   
 
 
 
MONITORING 
 
Feeding Initiation Monitoring:   Using existing ocular estimate methods with 10 sub samples 
per monitoring sites to determine average available forage (lbs. per acre).  Additional observers 
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will be added to train people other than Eric Cole on methods and develop error estimates. 
Additional monitoring sites will be added to increase sample size, increase precision of 
estimated available forage, and represent the entire south end of NER stratified by plant 
community type.  Sampling will be weekly starting in late December and continuing until 
feeding is initiated (or perhaps for some time after feeding is initiated).  The Hobbs forage 
accounting model will be run concurrent with field data collection, and field data will be used 
for model validation.  Developing a relationship between field measurements and Hobbs model 
methods might lead to reliance on modeling techniques rather than field data collection to 
estimate available forage in future years. 
 
Proportion of Elk Wintering on NER: NER and WGFD annual elk classification count trend data 
will typically collected in February each year will continue to be the way that we measure the 
proportion of elk wintering on NER relative to the rest of the JEH. 
 
EFD and BFD: I assume derived from daily feedground estimates for each species cumulatively 
added across the number of days fed.  Alternatively average of daily animals on feed multiplied 
by the total number of days.  Alternatively classification count data for NER multiplied by total 
number of days fed.   Precision of daily elk and bison estimates could be improved by using 
multiple observers several times per year or possibly conducting classification count like counts 
multiple times per year where only totals were obtained.  
 
Elk Winter Mortality Monitoring: Current census of all elk winter mortalities on NER will 
continue (comparable data collection back to 1981).  Calf mortality is key variable of interest, 
but total, calf, adult cow, mature bull, and spike bull age class mortality will continue to be 
monitored as well.  Potential criticism is that if we anticipate movement of elk off NER as a 
result of changes to the feed program but only monitor elk mortality on NER, then we are not 
accounting for the effects of management actions on elk mortality.  Costs are minmal and 
associated with in kind NER staff levels unless sampling were to be expanded off NER in which 
case costs would increase. 
 
Elk Collaring: 30-40 adult cow elk will be collared on NER feedgrounds during February-March 
2016.  Elk will be collared with Telonics Irridium GPS collars.  Approximate costs per collar 
including drop off mechanism and Iridium subscription $2,600 per collar. We will likely forgo 
VHF beacons on collars to avoid red tape associated with frequncey approval and extend collar 
life.  Anticipated collar life 2-3 years. Approximately 10 additional elk per year in subsequent 
years will be captured to maintain 30-40 elk in the sample.  GPS collar data will be used to: 
1)Determine the summer range proportions of elk that winter on NER. 2) Evaluate elk 
behavioral response to changes in the feeding program ie when and where do elk leave NER.  
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3)Capture efforts will facilitate collection of important ancillary biological information 
(brucellosis seroprevalence, pregnancy rate, DNA samples, etc.) 
 
Wolves: Given potential importance as a covariate, estimates of total wolf numbers and the 
total number of wolf packs in the JEH unit will continue to be important.  Jurisdiction of 
monitoring data remains in flux due to litigation. 
 
Disease: Given ‘healthy- elk goal. Continued CWD monitoring in the JEH is warranted.  Current 
baseline brucellosis seroprevelance for elk the winter in NER is needed.  This would be 
facilitated by large scale elk capture in 2016 to deploy GPS collars.  Costs to continue current 
level of CWD surveillance in the JEH is approximately $32,000 per year. 
 
Trumpeter Swans Using the Visitor Center Ponds: I view this as the linchpin to evaluating the 
success of our activities on the refuge.  The number of cattails in these ponds and their effect 
on Jackson Hole tourism is also keeping me awake at night.  Estimated annual cost for 
monitoring:  $222,000 
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Need to articulate that the primary issue to be addressed with this plan is how to alter elk 
behavior so that the desired winter distribution is achieved. Only once that is done can the 
questions regarding what number of elk the NER can support while achieving habitat 
objectives be visited. Already at JEH objective, and nearing JBH objective.  
 
The bison population objective of 500 animals post-hunting season was determined based 
largely on maintaining genetic heterozygosity while minimizing other conflicts (USFWS 2007a). 
Unlike the second phase elk objective, the bison objective is independent of additional criteria 
defined as desired conditions.  
 
 

APPENDIX I 
 
Development of Alternative Management Actions and Strategies 
Alternative management actions were identified during a meeting of stakeholders at the NER 
22 May 2013. Alternative actions, and constraints, were developed for the NER winter elk 
population and the JBH. A series of further meetings (25 July, 20 August, 12 September, 23 
October, and 13 November 2013, and 22 January, 24 February, and 7 April 2014) were held to 
create management strategies, i.e., collections of actions that form complete and comparable 
alternatives (Gregory et al. 2012).  
 
Reference case—It is helpful to identify a reference alternative that captures the recent and 
ongoing management actions that have led to the current state of the system for comparing 
with new alternatives that are developed. Ongoing management actions include winter feeding, 
irrigation, harvest, and hazing.  
 
Big game population objectives in Wyoming are evaluated and updated at least every five 
years. Objectives represent the preferred number of animals during winter within a herd unit 
(e.g., the Jackson Elk Herd) and are determined based upon multiple factors, including 1) 
available habitat to support the defined population, 2) hunting access, and 3) tolerance for 
wildlife on private lands by landowners (Tassell et al. 1995). Public input on proposed 
population objectives is obtained during public hearings. After the hearings the proposed 
population objectives are sent to the Wyoming Game and Fish Commission for review and 
approval. The NER, GTNP, and Bridger-Teton National Forest (BTNF) have participated in WGFD 
big game population objective review and revision processes in the past for both the JEH and 
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JBH. These federal agencies will continue to participate in objective setting for the JEH and JBH 
populations. 
 
The current JEH winter feeding program includes two groups of feedgrounds – one on, and 
managed by, the NER, and the second managed by WGFD. The latter are the Alkali, Fish Creek, 
and Patrol Cabin feedgrounds, collectively known as the Gros Ventre feedgrounds, located on 
BTNF lands. Initiation of feeding is currently conservative, i.e., has the primary objectives of 
minimizing elk 1) winter mortality of the most susceptible group, calves, and 2) comingling 
issues with cattle on adjacent private lands. Winter feeding begins when available forage 
reaches approximately 300 lbs acre-1 at key index sites. Available winter forage for elk and bison 
on the NER is largely determined by snow conditions, rate of forage consumption during fall 
and winter, and biomass of forage produced during the previous growing season.  
 
Forage biomass (metric tons) is correlated with the amount of precipitation (mm) during May–
August (𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 50.31, R2 = 0.91; 1995 and 1998–2006, NER unpubl. data), and secondarily 
affected by the number of irrigated acres.  Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–2013, and in recent years irrigation of 
approximately 3,600 acres has increased forage production by approximately 10% compared to 
what would have been produced with precipitation alone. Estimation of forage biomass is done 
annually based on sampling at index sites. Index sites are selected subjectively each year based 
on presence of vegetation highly palatable to elk such as naturally sub-irrigated wet meadows, 
irrigated areas with significant green vegetation, and in years with adequate late summer/early 
fall precipitation, native dry grassland plant communities with basal green up.  
 
During 1995–2013, mean initiation of winter feeding on the NER was 28 January, ranging from 
30 December to 28 February. Mean termination of winter feeding during this same period was 
3 April, ranging from 20 March to 20 April. Initiation and termination dates vary widely based 
on winter conditions. Excluding years in which feeding did not occur, mean initiation and 
termination dates for winter feeding during 1976–2013 at the Gros Ventre feedgrounds 
occurred during the second week of January and first week of April, respectively (Table 1). This 
resulted in approximately 3 months of feeding each year.  
 
Table 1. Winter feeding mean initiation and termination dates and total days for the Gros 
Ventre feedgrounds managed by Wyoming Game and Fish Department. Standard deviations 
are provided parenthetically. 
Feedground Initiation Date Termination Date Total Days 
Alkali 10 January (18.8) 7 April (13.5) 89 (23.5) 
Fish Creek 9 January (12.3) 4 April (17.1) 85 (21.0) 



24 
 

Patrol Cabin 11 January (13.5) 4 April (11.6) 84 (19.0) 
 
Winter feeding coordination between the NER and WGFD occurs annually. Feeding in the Gros 
Ventre feedgrounds is targeted specifically to assist in keeping animals from moving to the NER; 
for example, animals are more likely to move to the NER if feeding is occurring there and not at 
the Gros Ventre feedgrounds, where the opposite up-slope migration is less likely. Termination 
of feeding at feedgrounds needs to be coordinated so animals moving to the NER after feeding 
ends on the Gros Ventre feedgrounds do not remain at the refuge. This coordination will 
continue regardless of the management strategy employed.  
 
Bison are fed as necessary to ensure elk are adequately fed. Bison out-compete elk for forage 
resources, so the typical strategy is to keep bison at the northernmost NER feedground 
(McBride) by feeding them prior to feeding elk. Bison are fed separately from elk and are given 
a ration adequate to ensure they do not move to elk feeding areas. This also influences 
distribution of bison in the winter, reducing conflict associated with bison moving into 1) 
Jackson, and 2) the Nowlin unit of the NER where commercial sleigh rides occur.  
 
Total harvest of the JEH was reduced over the last decade as the population objective was 
reached (Fig. 4). Elk hunting on the NER (Hunt Area 77) typically begins in mid-October and 
ends in mid-December, with peak harvest in recent years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 (SD = 56) hunters harvested 161 (SD = 38) elk 
per year during the NER hunt.  
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Figure 4. Jackson elk herd estimated harvest, 2002–2011. 
 
Associated with harvest on the NER, “tag and drag” is a retrieval service currently provided by 
two licensed outfitters. They are also licensed to guide on the NER. This program will continue 
regardless of the management strategy employed.   
 
Hazing of elk is currently only undertaken in spring to encourage elk (and bison) to move off of 
the NER. Attempts at post-hunting/pre-feeding hazing of elk to the north part of the refuge 
occurred (e.g., 2005–2006), but were largely ineffective with elk generally returning the 
following day to the south end of the NER. These efforts included hazing using ATVs, on foot, 
and on horseback. Reducing spring hazing to increase early-season harvest was considered as a 
potential action but not included due to 1) the perception that the loss of forage on the Refuge 
by resident elk during summer would offset gains due to increased harvest, 2) presence of 
wolves on the northern end of the Refuge may preclude the desired response of reduced 
hazing to keep elk on the north end of the Refuge, and 3) recently observed aspen recovery 
could be reduced if elk use increased on the north end of the Refuge.  
 
Fencing of hay stacks and livestock feedline areas has historically been used to mitigate conflict 
on private lands. Fencing as mitigation on private land will continue in a targeted fashion. For 
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example, a proposed mitigation in the Horse Creek area would involve a land trade with a 
private landowner to move livestock winter feeding operations off of a south facing slope that 
is a movement corridor for elk. Fencing three sides of the private land would separate the 
corridor from the livestock feedline. Targeted fencing of golf course greens and sand traps fall 
through spring has been successful in some situations for mitigating elk and bison presence in 
these areas. It is important to note that the county has a ‘wildlife-friendly’ fence policy and 
does not support fencing impermeable to wildlife. 
 
The outcome of the reference case described above for elk abundance and distribution during 
winter in the JEH is shown in table 2. Population objectives for the two feedground complexes 
are provided, as are annual elk abundances as measured during the classification count. The 
data presented in table 2 demonstrate the potential for reaching the Phase 1 NER winter elk 
population objective of 5,000 while remaining within the JEH objective of 11,000 (±10%). 
 
Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2013, relative to the current objective. 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range* 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 

*Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 
  
Bison numbers grew exponentially from the 1970s until recently, peaking at 1059 animals in 
2007 (Fig. 5). Recent declines in the number of bison are largely attributable to increased 
hunter harvest on the NER. Bison hunting begins on August 15 and ends in early to mid-January; 
no bison hunting is allowed in GTNP, resulting in bison often staying in the park during the 
hunting season with only occasional movements onto the NER until severe winter conditions 
occur. Given this situation, harvest management balances extending the hunt as late in January 
as practicable without conflicting with winter feeding. The dynamic nature of winter conditions 
makes this unpredictable, and results in the use of emergency bison season extensions or 
reductions. For example, an emergency extension of the season (no later than 31 January) 
could occur if mild winter conditions precluded desired harvest levels earlier in the season. 
Conversely, an emergency closure may be necessary if winter weather conditions require 
feeding to commence before the predetermined season end date. 
 
Most bison harvest occurs on the NER, with some additional harvest on private and BTNF lands.  
Since the initiation of the bison hunt in 2007, mean harvest has been 210 (SD = 45.5) bison per 
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year.  This level of harvest has been sufficient to arrest the exponential growth of the 
population, reducing bison numbers from the peak in 2007 to 855 animals in 2013 (Fig 5). 
Licensing changes for hunting Jackson Hole bison were enacted in 2014 to increase harvest, 
especially of bison females.  These included a reduction in the bison female/calf license fee 
(from $416 to $263 for residents and from $2522 to $1022 for non-residents) and eliminating 
the once-in-a-lifetime restriction on a successful bison hunter to only those that successfully 
harvested a bull. Tribal bison harvest is currently defined in the BEMP to permit up to five 
animals for ceremonial purposes; tribal harvest generally occurs outside of the state bison 
season. Translocation of bison to tribal lands outside of Teton County is not currently permitted 
due to brucellosis concerns.  

 
 
Figure 5. Bison winter population in the Jackson Hole area, 1970–2013.  
 
Bison would likely occupy the Refuge year-round without management intervention, but as a 
result of hazing by refuge staff and disturbance by hunters, peak bison activity on the NER 
occurs January–April each year.  If bison fail to leave the NER following the cessation of 
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supplemental feeding they are typically hazed off the Refuge using all-terrain vehicles (ATVs) in 
late April to early May.  Hazing moves bison to GTNP, where they generally remain until mid-
July. From July to early August bison that return to the NER are hazed back to GTNP to protect 
forage for elk during the winter months. Hazing efforts in August cease within several days to 
weeks of the bison season in an effort to increase hunter harvest.  
 
National Elk Refuge 
Alternative management actions identified for meeting the NER winter elk population objective 
can be grouped into four categories, including 1) winter feeding management (both on and off 
the NER), 2) population management (harvest, culling, and fertility control), 3) habitat 
improvements (on and adjacent to the NER), and 4) mitigating private lands conflicts 
(leases/easements, incentives, fencing) (Table 3). The latter represent sequenced alternatives 
that would be necessary to implement due to wintering elk dispersing onto private lands 
adjacent to the NER in response to other management actions taken. A fifth group of 
alternatives associated with increasing public awareness (including local elected officials, e.g., 
county commissioners) of ‘natural’ levels of elk winter mortality were included after the 
meeting. These actions represent acknowledgement that the current feeding program results in 
reduced winter mortality, perhaps exacerbating already low public tolerance to increased 
winter mortality, whether episodic or perennial in nature. This group was expanded to include 
more targeted education and outreach efforts for landowners, sportsmen and agencies, and 
the WGFD Commission, depending on the strategy.  Lastly, a group for each of monitoring and 
enforcement were included to allow proper accounting of projected costs associated with each 
management action strategy.   
 
Table 3. National Elk Refuge winter elk population strategy table for identifying alternative 
management action strategies. Ongoing management actions that will be continued 
regardless of strategy selected are not included in the table; descriptions can be found in the 
‘Reference case’ description within the text. 

  

Reference 
Case 

NER-
focused 

Southern herd 
segment 
mngmnt 

Late 
Season 
Harvest 

Winter feeding management  
   No change X 
 

X X 
Less conservative (NER)  X 

  Population management  
   No change X 
   Increase harvest objectives in Hunt 

Areas 77 & 78  
 

X 
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Late-season refuge hunt (Hunt Area 
77)  X X X 
Coordinated late-season hunt (Hunt 
Areas 75, 77, 78, 80)    X 
Extend open period on Forest 
Service  

  
X 

Fertility control (Hunt Area 78 & 
GTNP South)  

 
X 

 Hunt Area 78 Hunter management 
program   X  

Habitat improvements  
   No change X 
   Fire management on NER and 

adjacent public land  X X X 
Private lands mitigation  

   No change X 
   Incentivize steer operations  X 

  Non-traditional landuse mitigation   X  
Public education/outreach (EO)  

   No change X 
   Increase public EO (including local 

elected officials)  X X X 
Increase landowner EO  X X 

 Increase sportsmen & agency EO   X  
Increase WGFD Commission EO  X X X 

Monitoring X 
   No change  X X 

 Increase  
   Enforcement  
   No change X 
   Minor increase  X X  

Major Increase  
  

X 
 
Winter feeding management—Management of winter feeding is a primary driver of elk 
distribution, and to a lesser extent abundance, in the Jackson Hole area. Feeding on the NER is 
initiated each year based on a series of factors, including the amount of forage on the NER, 
number of elk present, and snow conditions. Initiation of feeding is currently conservative (see 
Reference case, pg 5). A less conservative approach would result in later initiation of feeding, 
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therefore potentially increasing winter calf mortality and comingling. Including agronomic 
grassland plant communities without significant green vegetation and/or reducing the available 
forage threshold would result in a less conservative winter feeding program. Per capita ration 
levels would not change from the current level.   
 
Implementing a less conservative feeding program could result in very limited, or no, feeding 
given certain winter conditions. However, the criteria for a less conservative feeding program 
would not be such that it could be construed as ‘emergency feeding’, i.e., feeding only to 
preclude a catastrophic mortality event. Colorado, Idaho, and Utah provide examples of states 
that have emergency feeding policies. Existing evidence suggests that emergency feeding is not 
very effective (see review in Putman and Staines 2004). Moreover, the current feeding regime 
has been developed for non-emergency situations; a review of current rations and pellet 
composition would be necessary to adjust the program for emergency feeding.  
 
Population management—Hunter harvest is the primary tool employed for population 
management of elk and bison in Wyoming. Increased harvest objectives on/near the NER would 
target the southern segment (Hunt Areas 77 & 78), which is currently more productive (i.e., 
higher cow-calf ratios) than other JEH segments. Doing this would help achieve JEH objective 
while minimizing harvest on migratory segments. In order to track hunter harvest there would 
need to be an increase in monitoring, e.g., hunter self-registration.         
 
Elk hunting on the NER currently ends mid-December. Offering a late-season hunt (after 15 
December) would assist in deterring elk from moving onto the refuge. Without coordinated 
hunts in adjacent units (Hunt Areas 75 [GTNP], 78 and 80), and extended open access on BTNF 
lands in Hunt Area 80, the NER hunt would likely be ineffective in also significantly increasing 
harvest. Late-season harvest in Hunt Area 80 would include migratory Yellowstone elk, a 
declining herd segment of conservation concern. These proposed coordinated efforts would 
need to be approved by the Commission, BTNF, and GTNP.  
 
Fertility control was considered and rejected in the 2007 BEMP, so therefore could not be 
undertaken on federal lands without vetting in the NEPA process. Moreover, this action would 
need approval by the WGFD Commission prior to the state undertaking fertility control on 
private lands in collaboration with landowners in Hunt Area 78 and Grand Teton NP South 
would occur during summer on private lands. Research completed since signing of the BEMP 
indicates fertility control may be more tractable now than when it was considered during 
preparation of the BEMP. Killian et al. (2009) demonstrated effectiveness of GonaCon™, a 
gonadotropin-releasing hormone vaccine, in female elk. Dart-delivered 2 ml doses of 1000 μg 
GonaCon™ resulted in nearly complete infertility of females treated in September. Much of the 
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early research on this immunocontraceptive vaccine was for use in white-tailed deer, with 
regulatory approval of GonaCon™ for use in female white-tailed deer by the U.S. Environmental 
Protection Agency granted in 2010. There are no known dangers to humans or wildlife from 
eating animals that have been treated with GonaCon™. 
 
Most of the observed increase in segment population has occurred in the largely non-migratory 
Hunt Area 78 / Grand Teton NP south segment. Increased harvest in this segment would help 
address a number of issues, in addition to assisting in reaching Phase I objective. Harvest is 
nearly as liberal as possible at this time; the greatest limitation is hunter opportunity in 
residentially-developed areas. Elk use in those areas is increasing, necessitating continued 
collaboration with homeowner associations to improve hunter access within residential 
developments. Many associations have covenants that exclude firearms, but archery may be an 
option where firearms are excluded. There is also a growing constituency for trophy bulls in 
these areas.  
 
A hunter management program for Hunt Area 78 would coordinate private land access through 
a hunt manager as liaison to private landowners. This program would be modeled after similar 
programs in Montana, as well as several in Wyoming (Meteetse, Laramie Peaks, etc.).    
 
Habitat improvements—Habitat improvements discussed so far have focused on fire 
treatments on range adjacent to the NER to increase attractiveness of these areas to wintering 
elk. Opportunities exist for managed fire in certain areas, but opportunities for prescribed fire 
are limited. Fire treatments in lynx habitat would not be possible, therefore it would be 
necessary to determine if a conifer stand was suitable lynx habitat as based on tree cover. 
Conversely, areas within sage grouse core habitat (i.e., within a 4 mile radius of a lek) have a 5% 
disturbance cap that would similarly preclude fire treatment. Areas mapped as wildland urban 
interface (WUI) are available for treatment, but treatments need to be defined as a fuels 
reduction.  
 
There is potential to have fire management areas on the refuge, but the conflict with sage 
grouse on the northern portion of the NER, which is identified as sage grouse core habitat, 
would need to be addressed. The plan will therefore include prescribed fire even if it isn’t a 
primary tool. These changes would represent a small, ephemeral gain at best in changes to 
habitat that may result in more elk wintering outside of the NER. Wildland fire use (i.e., wildfire 
to meet resource objectives) is authorized forest-wide in the BTNF. Much of the BTNF adjacent 
to the NER is within the Gros Ventre Wilderness, which is managed to allow “natural processes 
of ecological change to operate freely. The number, size and intensity of fires [are managed to] 
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approximate the natural fire regime” (USFS 2013). Benefits from wildland fire use on adjacent 
national forest lands are therefore opportunistic in nature. 
 
Private lands mitigation—Easements and leases have been proposed as a means to minimize 
livestock and elk conflict related to brucellosis. Easements would incentivize steer operations 
by purchasing from willing sellers the right to have cow/calf pairs. Easements should also 
consider all winter feeding of livestock (e.g., horses), certain agricultural crops that are 
attractants to elk (e.g., irrigated hay), as well as hunting access. These easements would be 
purchased and enforced through agencies and local land trusts. Leases in the Spring Gulch area 
are not a suitable solution due to the current level of development; may be an option in Buffalo 
Valley assuming the weather allows animals to winter there. Leases/easements would need to 
include a statement that the individual would forfeit their right to make a depredation claim to 
WGFD.  
 
Non-traditional landuse mitigation would differ from that described above for traditional 
landuses. For example, the Jackson Hole Conservation Alliance is working with subdivision 
landowners to install landscaping that is less attractive, and more resistant, to elk and deer. 
Similarly, WGFD assesses subdivisions to identify issues for mitigation, and provides input to 
real estate developers and in county planning documents. Also, targeted hazing in subdivisions 
and golf courses is ongoing and will continue on an as-needed basis. 
 
Public education/outreach—Each partner agency will have the opportunity to become involved 
in the planning and execution of education and outreach (EO) efforts. Increased public EO 
efforts will be undertaken regardless of the strategy selected. These efforts will include 
increasing public awareness of, and tolerance for, natural levels of winter mortality in elk. This 
would be accomplished through local news releases and radio announcements, training for 
sleigh-ride contractors that includes information on winter mortality in unfed populations of 
elk, etc. Regular updates on the planning process and progress towards meeting objectives set 
out in the BEMP will also be provided to the public through NER media outlets. County 
Commissions will be included in public EO efforts to make sure they are aware, and supportive, 
of the agencies’ efforts.  
 
Landowner EO would differ between those engaged in more traditional agricultural landuse 
(i.e., ranching) and non-traditional landusers (i.e., residential developments, golf courses). The 
decision to change a livestock operation from cow/calf to steers (non-breeding) is a major 
decision.  It is not expected that ranchers would respond to an article in the paper, news story 
on the radio or even a letter.  This kind of effort will require primarily one-on-one interactions 
with an individual that has built relationships and trust within the community. This would 
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require a private lands biologist to work with private landowners in the area. The position could 
be a shared position among agencies. Conversely, EO focused on homeowners in exurban 
developments will focus more on meetings with homeowners’ associations, residential 
developers, etc., to provide information regarding living with wildlife, wildlife management and 
conservation, etc. All agencies will need to collaborate in initial efforts to reach key landowners 
and homeowner associations to convey the objectives and primary issues involved in managing 
elk and bison in Jackson Hole, as well as to express the importance of their involvement in the 
process. WFGD is currently doing this in some areas, e.g., Hunt Area 78.  
Sportsmen EO would include meetings with local and regional sportsmen’s clubs and ideally 
articles in club magazines, Wyoming Outdoors, etc.  General newspaper articles could also help 
disseminate information. This could be largely accomplished with existing staff.  
 
Agency EO is happening to some degree through AMP meetings.  It would be helpful to focus 
on two different groups; field staff and Regional Office managers.  Field staff are instrumental 
in achieving management actions on the ground, but also support changing public opinion in 
the local area through their personal interactions outside of work.  Regional office EO is 
essential in building the necessary support to obtain project resources and have support when 
controversies are elevated to their level.    
 
WGFD Commissioner EO will require personal contacts coordinated with WGFD.  Top priority 
will be the commissioner for this area and perhaps others.  This will include 1) tours of the NER 
and GTNP and 2) a briefing on alternative strategies resulting from the AMP. 
 
Monitoring—Draft once strategies are finalized. 
 
Enforcement—Draft once strategies are finalized. 
 
Contstraints 
Constraints that were identified for managing wintering elk population on the NER were diverse 
and included policy/regulatory, biological, social, and funding constraints, and combinations 
thereof (Table 4). The most common constraints were policy related (33%), followed by social 
(28%), biological (22%), and funding (17%) constraints. Many of the identified constraints could 
be identified in multiple groups; we largely identified constraints as belonging to a single group 
to simplify classification.  
 
Table 4. Management constraints identified for the National Elk Refuge wintering elk 
population objective. 
Policy constraints 
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Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Easement limitation (NER boundary) 
2007 EIS (rejected fertility control and test and slaughter; limits tribal 

harvest) 
Social constraints 

Hunter numbers 
Winter mortality (social acceptance) 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts 
Fencing/wildlife conflicts 
Migratory segment (maintain summer distribution goals) 

Funding constraints 
Easements 
Fencing 
Fertility control 

 
National Elk Refuge Strategy Narratives 
Management action strategies were divided into themes based on the focus of the grouped 
actions within a strategy. For example, the National Elk Refuge-Focused strategy targets winter 
elk distribution through management actions primarily taken on the refuge. The Southern Herd 
Segment Management strategy is a set of actions intended to reduce the number, and 
productivity, of the largely non-migratory elk in Hunt Areas 75 and 78 while minimizing the risk 
of harvest to migratory segments of the JEH. The Late Season Harvest strategy would increase 
harvest more generally in the JEH through coordinated late season hunts, with key caveats 
outlined below. Several actions were identified as necessary to continue, or implement, 
regardless of the strategy selected. Those to be continued are the 1) intra-seasonal 
management and coordination between the NER and WGFD Gros Ventre feedgrounds, 2) 
fencing for private lands mitigation, and 3) “tag and drag” and guided hunts on the NER and 
GTNP. New actions to be implemented across all strategies include 1) a late-season refuge hunt, 
2) Fire management on NER and adjacent public land, 3) increased public education and 
outreach, and 4) increased WGFD Commission education and outreach. 
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National Elk Refuge-Focused Strategy 
The NER-focused strategy is based on altering distribution of elk using management actions 
centered primarily on the refuge. This strategy implements actions to make the refuge less 
attractive to wintering elk primarily through a less conservative winter feeding program and 
initiation of a late-season hunt. This assumes that a proportion of elk that winter on the refuge 
can be conditioned to stay on adjacent winter range based on decreasing the incentive (later 
initiation of feeding) and increasing the disincentive (late season hunt) to moving onto the 
refuge. Incentivizing steer operations on private lands would be undertaken to address the 
increased proportion of elk that may winter on adjacent private lands. Similarly, education and 
outreach to private landowners is included in this effort to increase acceptance of elk wintering 
on private lands adjacent to the NER. Increased enforcement on the NER would also be 
necessary due to the addition of the late-season hunt.  
 
Southern Herd Segment Management Strategy 
The southern herd segments (Hunt Area 78 and GTNP South) are increasing absolutely and 
proportionally within the JEH. Conversely, migratory segments (i.e., elk that summer in 
Yellowstone NP and Gros Ventre Wilderness) of the JEH are stable to declining. The Southern 
Herd Segment Management Strategy focuses management actions at slowing, or reversing, the 
growth of the southern herd segments. Proposed actions include increasing harvest through 
the development of a hunter management program, a program that also helps address private 
lands mitigation. Targeted fertility control on private land summer range could also be 
explored by WGFD, but would need to go through the proper approval process (i.e., WGFD 
Commission). This action was considered and rejected in the BEMP. Increased outreach to 
sportsmen and agencies, and landowners, would be undertaken; the former is due to the 
potential for fertility control and the latter is for increasing awareness of landowners of the 
efforts to reduce the southern herd-segment. Increased harvest is localized by this strategy, 
minimizing the potential impact of increased harvest on the migratory segments. Increased 
enforcement on the NER would also be necessary due to the addition of the late-season hunt. 
 
Late Season Harvest Strategy 
The Late Season Harvest Strategy represents a broader, landscape scale approach to achieving 
the Phase I elk objective. A coordinated (i.e., NER, WGFD, GTNP, BTNF) late season hunt in Hunt 
Areas 75, 77–78, and 80 would occur. Approval would need to be obtained for extending, or 
moving, the current season in GTNP to allow later harvest. Lastly, the current December 1st 
closure to protect wintering ungulates in Hunt Area 80 on BTNF lands would need to be 
modified through an environmental review process to allow hunter access into that area. 
Currently the JEH could be reduced by approximately 1,000 animals before being below 
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objective (11,000 ± 10%). A WGFD Commission approved reduction in the JEH could be 
investigated if the efforts of this strategy did not result in reaching the NER Phase I elk 
objective. An increase in enforcement would be necessary if this strategy was implemented.  
 
Bison 
Alternative management actions for bison on the NER and adjacent areas included several 
developed for the NER wintering elk population objective in addition to those solely developed 
for bison (Table 6). Most of the actions identified were related to bison harvest in an effort to 
influence hunter access or success.  
 
Table 6. Bison population strategy table for identifying alternative management action 
strategies.  

  

Reference 
Case 

Hunter 
Harvest 

Alternative 
Reduction 

Actions 
Population management 

   No change X 
  

Improve late-season access to north 
end of NER for hunting and carcass 
retrieval 

 
X X 

Parking lot origination management 
 

X X 
Alternative reduction actions*   X 

Hazing 
   

No change 
   

Haze bison found south and east of 
Flat and Nowlin creeks  

X X 

Service-accompanied hunters  X X 
Habitat improvements 

   
No change X 

  
Fire management on NER and 
adjacent public land  

X X 

Water source improvements    
Private lands mitigation    

NER south-boundary improvement    
Public education/outreach (EO) 

   
No change X 

  
Increase education and outreach 

 
X X 

Monitoring 
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No change 
   

Enforcement 
   

No change 
   

Increase 
   

*Beyond the scope of this plan and may require NEPA review. 
 
Population management—Hunter harvest of bison since 2007 has led to an appreciable 
reduction in the population (Fig. 5). Further efforts to increase hunter harvest are intended to 
reduce the number of years necessary to reach the bison population objective. Most of the 
actions identified are related to increasing opportunity and success at the existing level of 
hunter numbers. The current number of hunters each year is believed to be a maximum 
number allowable while still providing a quality, and safe, hunting experience.   
 
Efforts to improve late-season access to the north end of the NER for hunting and carcass 
removal could facilitate increased harvest. Existing retrieval roads become impassable late in 
the hunting season due to snow, and can, for example, preclude hunters from using the West 
Parking Area or retrieving carcasses on the northern portion of the refuge. Keeping these roads 
open may be difficult in heavy snow years, requiring a bulldozer in some situations. 
Alternatively, over-the-snow vehicles could be considered for carcass retrieval on existing 
refuge roads. Hunter access easements across private lands on the northeast corner of the NER 
will be explored as another means of providing access to that portion of the refuge for hunting 
and carcass retrieval. 
 
Hunters must originate from a designated parking area for hunting bison on the NER. All but 
one designated parking area are within the NER. Access to the northwest portion of the NER is 
via a parking area within and managed by GTNP in collaboration with the NER. Accessing the 
refuge for hunting from BTNF lands along the eastern boundary of the NER was historically not 
allowed. The refuge will continue to manage hunter distribution using parking-lot origination in 
an effort to encourage bison to move onto, and remain, on the refuge. Hunters with a NER 
permit will also be allowed to access the refuge from adjacent BTNF lands.   
 
Continuous review of population management actions implemented for reaching the bison 
population objective will be undertaken during the life of this plan. If management actions 
outlined in this plan prove ineffective for reaching the objective, other actions that fall outside 
the scope of this plan may be considered, e.g., agency cull, herd-wide fertility control. Such 
actions may require evaluation as per the NEPA.  
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Culling of bison is currently not used as a population management action. Including an agency 
bison cull as a potential population management action in this plan does not imply agency 
approval at this time and would only receive further consideration upon meeting several 
criteria. Consideration of an agency cull would include meeting National Environmental Policy 
Act (NEPA) requirements. WGFD policy prevents elk hunting past January 31st to minimize 
hunter exposure to Brucella abortus (the bacteria that causes brucellosis). This policy is specific 
to elk at this time, but the same concerns exist for late-season bison harvest. Between February 
1st–15th WGFD personnel can harvest animals and the animals can be donated; animals killed 
after February 15th must be disposed of in a landfill.  
 
Herd-wide fertility control of bison was considered and rejected in the BEMP. A review of 
fertility control in wildlife, current at the time of approval of the BEMP, can be found in 
Appendix B of the final Environmental Impact Statement (EIS) (USFWS and USNPS 2007b). Need 
to gather more details on the current state of knowledge for this technique – would it be 
possible to have the WGFD vet draft a few sentences, with current citations, for this purpose? 
Seems like this would have to occur on the feedline to be efficient and effective, which would 
trigger NEPA. Bison primarily occur on federal lands, so proposed implementation of this action 
would necessitate following NEPA requirements.  
 
Hazing—Reduction, or elimination, of winter feeding will likely result in bison having a broader 
winter distribution in Jackson Hole. This could lead to more frequent use of the Nowlin unit by 
bison; the Nowlin unit is where commercial sleigh rides are conducted. Moreover, increased 
bison use of the southern portion of the NER beyond the Nowlin unit increases the potential for 
bison to enter the town of Jackson. For public safety and to minimize conflict in the Nowlin unit, 
bison will be hazed north if found south of a boundary starting at the Twin Creek Subdivision, 
west along Elk Refuge Road to Nowlin Gate, north and west along Hunter Retrieval Road 22 (an 
administrative road), north along Hunter Retrieval Road 22 to the Refuge Barns, west along 
Nowlin Creek to the confluence of Flat Creek, and north along Flat Creek to the northern 
boundary of the Jackson National Fish Hatchery.  
 
Service-accompanied hunters in NER management units south of the bison hazing line defined 
above could be used to haze bison north of the hazing line.  
 
Habitat improvements—Fire management on NER and adjacent public land to increase 
attractiveness for bison would be the same as described above for elk (pg X). The objective, 
however, differs in that the purpose of attracting and holding bison on the refuge would be 
primarily to increase susceptibility of bison to harvest.  
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Water sources on the east side of the NER would be modified to increase flow rates, improve 
bison access to water, encourage bison use and potentially increase early season 
harvest.  Existing springs known as waterhole 2 and waterhole 3 currently have defunct bore 
hole pipes with limited water flows.  These would be repaired or replaced to ensure late 
summer water flow and encourage bison use at these locations. 

Private lands mitigation—Bison primarily occur on public lands (i.e., NER, GTNP, and Bridger-
Teton National Forest), and when they do occur on private lands WGFD has the authority to 
haze or lethally remove bison for safety or private lands damage concerns (WGFC regulations, 
chapter 56). There is the potential for increased private lands conflict if winter feeding is 
reduced or eliminated on NER. For example, bison may move further south when feeding does 
not occur, increasing the potential for bison in Jackson. To reduce the likelihood of bison 
moving from the Refuge into Jackson, a double cattle guard will be installed on Elk Refuge Road 
at the boundary with East Broadway and at the gate where the town accesses the municipal 
water wells.  
 
Public education/outreach—Public education and outreach for bison management will be 
integrated into EO provided for elk management (see pg. X). There are important differences 
between bison and elk biology and management that will be articulated. The bison population 
objective differs from the elk objective, with the former based primarily on maintaining genetic 
heterozygosity while minimizing conflict (USFWS and USNPS 2007a). Bison winter feeding is 
conducted primarily to eliminate conflict with elk on feedgrounds, which is fundamentally 
different than the objective for feeding elk to sustain the JEH through winter with minimal 
mortality. Winter feeding of bison precludes other conflicts that would occur if bison were 
more broadly distributed within Jackson Hole, e.g., bison in the town of Jackson and the 
associated public safety conflict. As winter feeding is reduced, or eliminated, efforts will be 
made to manage potential increased conflict, but public acceptance of increased conflict will be 
necessary. There are important biological differences between bison and elk that will be 
highlighted. For example, during 2007–2013 the JBH had greater than twice the ratio of calves 
to females in winter compared to elk of the JEH (0.47 [SD = 0.05] for bison and 0.22 [SD = 0.03] 
for elk; WGFD, unpubl. data). During the six-year period taken to complete the BEMP the bison 
population grew exponentially, increasing from 627 animals in 2002 to 1059 in 2007 (Fig. 5; 
WGFD, unpubl. data). Management challenges can also differ between bison and elk. Bison 
female-calf groups spend much of the year in GTNP, where no harvest is permitted, and move 
to the Refuge as winter conditions reduce forage availability in GTNP. Female-calf groups 
largely do not use BTNF lands adjacent to the NER or GTNP, which constrains population 
management using hunter harvest to a relatively limited area on the NER. This can lead to 
dense concentrations of animals and hunters on the NER, which can result in hunter conflict.  
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Increased EO to state agencies, e.g. the Department of Agriculture and state veterinarian, will 
be included as part of this action. The range of bison will likely expand as feeding is 
reduced/eliminated, potentially leading to more conflict on private agricultural and developed 
lands. 
 
Monitoring— Draft once strategies are finalized. 
 
Enforcement— Draft once strategies are finalized. 
 
Constraints 
Constraints unique to bison management were largely related to disease transmission concerns 
and related policy (Table 7). For example, it is not currently possible to move bison out of the 
county, nor are bison currently allowed in the Gros Ventre near WGFD feedgrounds. Several 
identified alternative actions, fertility control and test and slaughter, were considered and 
rejected in the 2007 Environmental Impact Assessment (EIS) for the Bison and Elk Management 
Plan. The 2007 EIS similarly limits tribal harvest of bison. Moreover, there is uncertainty if an 
effective bison fertility control exists, which is a technological constraint. What constraints 
from the NER wintering elk constraints table should be carried over to the bison constraints 
table? 
 
Table 7. Management constraints identified for the bison population objective. 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Cumbersome hunt regulations 
Hunter access (especially from north of the NER) 
Easement limitation (NER boundary) 
Current restriction on moving bison out of county 

Social constraints 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Vendor numbers (are there enough for bison removals?) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts (fire) 
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Fencing/wildlife conflicts 
Grizzly bear conflicts (potential) 

Funding constraints 
Easements 
Fencing 
Fertility control 

Technological constraints 
Fertility control 

 
Note/reminder from initial fall meeting Nov. 2012: “Three-pronged approach” 1) how to use 
hunters to reduce #s, 2) how to get more on native, 3) explicit metric for winter mortality that is 
acceptable.  
 
Include a paragraph or two that describes 1) how phases are related to each other, 2) when we 
will claim we’ve been successful in Phase I, 3) how Phase II will be implemented (i.e., stepwise 
or all at once after success with Phase I, 4) whether meeting bison and elk objectives 
simultaneously will be necessary to begin implementing Phase II.  
 
Include a summary of the actions in this plan that tier off of the BEMP vs. those that would 
trigger NEPA. This would include defining strategies succinctly and the threshold that would 
trigger NEPA. In this way we can move forward with actions that step down from the BEMP 
and have a trigger for initiating NEPA if, and only if, necessary.   

1) Removed ‘Grand Teton NP harvest’ from the bison alternatives table because it was not 
in the BEMP and would therefore trigger NEPA and an act of Congress would be 
necessary (for a hunt, not a cull). A bison cull in GTNP would still trigger NEPA. Included 
agency cull (see below).  

2) Test and slaughter for bison was reviewed and rejected in the BEMP – many reasons to 
not do it.  

3) An agency bison cull would trigger NEPA 
4) Herd-wide fertility control in bison would similarly trigger NEPA 
5) Elk fertility control in GTNP south? This is currently an action in an elk strategy that 

would trigger NEPA, yet we haven’t excluded it from the main plan, simply stated it 
would need NEPA. 

      
 
Influence diagram rules –  

1) Bolded polygons and arrows represent NER specific outcomes, influences, factors, and 
measurable attributes. 
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2) Rectangles represent ongoing management actions that influence the outcome of 
interest, bison and elk fed days on the NER  

3) Hexagon is an outcome (which are also an influence/factor) 
4) Dashed rectangle represents a measureable attribute with a defined threshold to trigger 

a management decision to implement an action. 
5) Rounded rectangles represent objectives measured with uncertainty 
6) Factors that influence the outcome. Unpredictable, unmeasured, or both, i.e., beyond 

our control or ability to influence effectively. 
 

Influence Diagram Narratives—If survival and distribution are related to EFD & BFD – assume 
that reductions in EFD & BFD are not due to significant reduction in populations but instead the 
need to change elk and bison behavior and distribution.  
 
First influence diagram – defines bison and elk fed days, and winter distribution, as outcomes. 
Each of these outcomes is defined in the BEMP; the phase 1 objective for BFD and EFD are 
based on feeding 500 and 5,000 bison and elk, respectively, for an average length of time (see 
above). The phase 2 objective is to minimize BFD and EFD, up to and including no feeding, while 
supporting JBH and JEH objectives. Winter distribution of the JEH to support the current 
population objective (11,000 elk ± 10%) is defined in the BEMP (table X, above), including 5,000 
elk wintering on the NER. 
 
Ultimate question – how many elk can the refuge support while concurrently minimizing calf 
survival and winter feeding? That is the primary uncertainty and what we need to determine.  
 
Second influence diagram – includes a third outcome not explicitly defined in the BEMP but 
identified during the development of this plan.   
 
Note to include – triggers for start and end of winter feeding are 1) available standing forage 
on NER key index sites, and 2) snow cover on transitional areas, respectively. The latter could 
be quantified using fixed photo points to estimate percent bare ground at important 
transitional areas (e.g., Kelly hayfields).  
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From: Steve Kallin
To: Steve Cain
Subject: FW: AMP Monitoring Section
Date: Wednesday, July 08, 2015 2:37:09 PM
Attachments: NER_draft_AMP_26_May_2015_kmurphy.docx

Steve:
 
Please see the attached draft AMP from Jeff Warren.  When this was sent to me earlier, I focused on
the note about Kerry’s comments and missed that Jeff thought the modeling section was complete. 
Please incorporate Jeff’s modeling section and also the best way to address Kerry’s comments.
 
Thanks again for the help,
 
Steve Kallin
Project Leader
National Elk Refuge
PO Box 510
675 East Broadway
Jackson, WY 83001
Phone: (307) 201-5409
Fax: (307) 733-9729
steve_kallin@fws.gov
 
From: Jeffrey Warren [mailto:jeffrey_warren@fws.gov] 
Sent: Wednesday, July 08, 2015 1:37 PM
To: Steve Kallin
Subject: FW: AMP Monitoring Section
 
Steve,
 
Here is my email from last month, and I attached a version of the AM plan with Kerry’s comments.
 
Cheers,
 
Jeff Warren
406 276-3536 ext. 106
 
 
“I believe that a scientist looking at nonscientific problems is just as dumb as the next guy.”  Richard
Feynman
 
“A great many people think they are thinking when they are merely rearranging their prejudices.”
William James
 
From: Jeffrey Warren [mailto:jeffrey_warren@fws.gov] 
Sent: Friday, June 26, 2015 8:37 AM
To: Eric Cole; Steve Kallin
Subject: RE: AMP Monitoring Section
 
I just read through the modeling section again, and looked at Kerry’s comments, and think it is fine



to include as is in the next version for the group. Kerry’s comments in the modeling section are likely
better addressed in the introductory sections, so I’ll leave that to Steve to address.
 
Cheers,
 
Jeff Warren
406 276-3536 ext. 106
 
 
“I believe that a scientist looking at nonscientific problems is just as dumb as the next guy.”  Richard
Feynman
 
“A great many people think they are thinking when they are merely rearranging their prejudices.”
William James
 
From: Cole, Eric [mailto:eric_cole@fws.gov] 
Sent: Friday, June 19, 2015 2:35 PM
To: Steve Kallin; Jeffrey Warren
Subject: AMP Monitoring Section
 
Please see the attached draft monitoring section for the AMP.  Given our discussion about the
intended audience of the AMP, I have made things less technical and specific.  This will
ensure that the public and regional office will understand it, but many details will need to be
fleshed out prior to us implementing monitoring.  Some cost details also need to be worked
out. 
 
Eric Cole
Refuge Biologist
U.S. Fish & Wildlife Service, National Elk Refuge
Jackson, WY
307.201.5432
 
"...individually we contribute little or nothing to the truth, by the union of all a considerable
amount is amassed."  Aristotle
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INTRODUCTION 
 
Winter feeding of elk in Jackson Hole began in 1910 and was originally initiated to reduce 
winter mortality of elk and minimize depredation of ranchers’ hay. Today, the need for winter 
feeding of elk on the National Elk Refuge (NER) is a direct result of reduced access to significant 
parts of elk native winter range, loss of historic migration patterns, behavioral conditioning of 
elk to winter feeding, and the desire to maintain a population objective established in the 
context of supplemental feeding. Litigation in 1998 prompted cessation of bison hunting on 
NER due to insufficient environmental analysis.  As a result, a six nine year planning effort was 
undertaken to address a suite of issues associated with inter-agency bison and elk management 
in the Jackson Hole area, culminating in 2007 with the Bison and Elk Management Plan (BEMP; 
USFWS 2007a, http://www.fws.gov/bisonandelkplan).    
 
The BEMP considered six alternatives for bison and elk management focused on four broad 
goals: 1) sustaining native habitat; 2) promoting sustainable populations; 3) maintaining 
population sizes; and 4) preventing spread of disease.  The selected alternative proposed to 1) 
maintain the Jackson Elk Herd (JEH) at the Wyoming Game and Fish Department’s (WGFD) 
objective of 11,000 (± 10%), 2) establish a bison population objective of 500, 3) restore habitat 
on the NER and in Grand Teton National Park (NP), 4) continue hunting of bison and elk on the 
NER, 5) continue the elk reduction program in Grand Teton NP, 6) continue to vaccinate elk for 
brucellosis, and 7) develop an adaptive management plan for decreasing the need for 
supplemental feeding on the NER. The latter need, as articulated in the Sustainable Populations 
goal of the BEMP, provides the nexus for this Adaptive Management (AM) plan.   
 
The Sustainable Populations BEMP goal is to ‘contribute to elk and bison populations that are 
healthy and…at reduced risk from the adverse effect of non-endemic diseases’. The goal 
comprises four objectives, including the development of an AM plan to reduce reliance of elk 
and bison to winter feeding on the NER following a two-phased approach (Fig. 1). The first 
phase sets initial population objectives of 5,000 elk on winter feed at the NER and 500 bison in 
the Jackson Bison Herd (JBH). The second phase calls for elk populations that are adaptively 
managed to ‘achieve desired conditions, with animals relying predominantly on native habitat 
and cultivated forage’ (BEMP; USFWS 2007a).  
 

Commented [WJ1]: Another sentence or two for a smoother 
transitions to reason BEMP planning was started. 
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Commented [WJ2]: Actually 5, but there are only 4 in Steve’s 
figure that I stole. 
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Figure 1. Relationship of Adaptive Management Plan to the Bison and Elk Management Plan 
(USFWS 2007a) goals, objectives, phases, and consideration criteria for reducing the reliance of 
elk and bison to supplemental feed. 
 
The first phase objective of 5,000 elk was based on predictions of the Forage Accounting Model 
of Hobbs et al. (2003). Simulations indicated that ‘in average SWE [snow-water equivalent] 
winters with average pre-winter precipitation and 500 bison, roughly 16,000 elk can find forage 
on the Greater Teton Ecosystem without incurring forage deficits and roughly 5,000 elk can find 
forage on the NER without incurring deficits.’ The combined probability of experiencing average 
pre-winter precipitation and average winter SWE in the Jackson Hole area is XX%, based on 
[what time series of climate data from what station] (need to use Hobbs’ data sources for 
this). Therefore, based on Forage Accounting Model predictions, 5,000 elk could winter without 
supplemental feed on the NER without incurring a forage deficit during X of 10 years on 
average. To achieve the objective of wintering elk relying ‘predominantly on native habitat and 
cultivated forage’, e.g., feeding occurring less than five of 10 winters, elk would incur a forage 
deficit X of 10 years on average. It is important to note that elk use stored energy reserves 
during winter, so incurring a forage deficit does not imply an immediate threat (Hobbs 1989, 
Cook 2002).But also overall, we expect winter mortality to increase as winter forage deficit 
increases.[this make the above discussion relevant] 
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The second phase desired conditions on the NER relate to six considerations (i.e., criteria) as 
management action triggers for ‘progressively transitioning from intensive supplemental winter 
feeding to greater reliance on free-standing forage’ (BEMP; USFWS 2007a). These criteria are: 
1) Level of forage production and availability on the National Elk Refuge, 2) Desired herd sizes 
and ratios, 3) Effective mitigation of bison-elk-cattle mingling (hereafter ‘comingling’) on private 
lands, 4) Winter distribution patterns of elk and bison, 5) Prevalence of brucellosis, chronic 
wasting disease, and other wildlife diseases, and 6) Public support. Explicit values that can be 
used as management triggers were d 
efined in the BEMP for several, but not all, of the criteria. Forage production on irrigated areas 
of the NER, desired herd sizes and ratios, and winter distribution of elk and bison each have 
numerical objectives that can be used to trigger management actions based on assessment of 
those criteria. Conversely, co-mingling mitigation, disease mitigation, and public support lack 
numerical objectives that would facilitate creating triggers for management. 
 
Two of the four criteria with explicit numerical objectives defined in the BEMP are currently 
being met. The NER is meeting or exceeding forage production objectives, and the JEH is within 
population objective. Current harvest rates have been successful in incrementally reducing the 
Jackson Bison Herd, making achievement of that objective likely given current management 
strategies. However, winter distribution of the JEH is not at objective, and distributional trends 
have resulted in being farther from the objective now than at the completion of the BEMP. A 
greater proportion of the JEH currently winter on the NER than when the BEMP planning 
process began in 2000.  
 
Elk winter distribution 
Winter distribution is inseparable from either bison-elk-cattle mingling or disease prevalence 
criteria, with feeding ameliorating the former and exacerbating the latter. Winter feeding 
minimizes co-mingling issues by concentrating elk and bison on publicly managed feedgrounds, 
minimizing the number of elk and bison on private lands adjacent to the NER. Conversely, 
concentrating elk on feedgrounds results in higher rates of endemic disease transmission 
(Murie 1951, Franson and Smith 1988, Samuel et al. 1991, Herriges et al. 1992, Smith and Roffe 
1997), greater potential for amplification of prevalence of non-endemic diseases (e.g., chronic 
wasting disease [CWD]; Williams et al. 2002, Miller et al. 2004, Monello et al. 2014), and creates 
relatively unique disease issues for wild ungulates such as hoof rot (USFWS unpubl. data).  
 
Management actions intended to distribute wintering bison and elk to meet BEMP objectives 
may initially result in an increase in private lands conflicts. Bison-elk-cattle mingling will 
increase as bison and elk disperse from the NER looking for alternative forage resources. 
Similarly, dispersing bison and elk may end up in residential areas or on/near public roadways.  
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Effective mitigation of co-mingling will take a suite of tools (e.g., private lands easements, 
fencing, hazing) to be employed throughout the life of this plan. WGFD currently monitors 
wildlife damage claim reports for the Jackson Region; this information provides an important 
baseline and metric for quantifying potential increases in private lands conflicts moving 
forward. 
 
The efficacy of reducing disease threat by achieving elk winter distribution objectives is disease-
specific and varies due to the scale and time dependence of elk density on the NER versus 
native winter range.  Assuming 7,500 wintering elk on the NER, estimated elk density is 77 elk 
per km2 for the entire refuge,  370 elk per km2 for the 5,000 acre supplemental feeding area, 
and 4,630 elk per km2 for the 400 acre area on which elk are fed within any given day (USFWS, 
unpubl. data). For comparison, cow elk had a 0.08 (95% BCI=0.05, 0.12) annual incidence of 
CWD at an estimated 15-110 elk km-2 on native winter range in Rocky Mountain NP.  We 
anticipate lower average elk densities in the JEH associated with AM plan implementation 
resulting from decreased elk use of feedgrounds and increased use of native winter range, but 
predicting the magnitude of disease transmission and prevalence reduction resulting from this 
change in elk distribution is difficult and disease-specific.   
 
Supplemental feeding is a primary driver of the proportion of the JEH that winter on the NER. 
However, other factors such as weather, forage availability, predators, hunting, and migratory 
behavior also influence this metric (Fig. 2). At the completion of the BEMP it was believed that 
achieving the JEH population objective would be the primary means to reaching the phase 1 
objective of 5,000 elk wintering on the NER. However, the proportion of the JEH that winter on 
the NER has increased, not decreased, since completion of the BEMP and achievement of the 
JEH population objective. The increase in the proportion of the JEH wintering on the NER also 
occurred concurrent with a relatively constant initiation criterion for winter feeding and high 
harvest pressure on the NER. It is therefore likely that factors other than winter feeding and 
harvest are contributing to the recent increase in the proportion of JEH elk wintering on the 
NER. 
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Figure 2. Influence diagram depicting factors (including management actions) influencing 
outcomes identified in the Bison and Elk Management Plan (BEMP; USFWS 2007a). Gray 
hexagons represent outcomes, rectangles represent management actions, rounded rectangles 
represent factors with numerical objectives, and ovals represent factors outside of 
management control. Bolded polygons and arrows represent outcomes and factors limited to 
the National Elk Refuge (NER). Available standing forage on the NER (dashed rectangle) is the 
BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
 
Several hypotheses have been posited for the observed increase in the proportion of the JEH 
currently wintering on the NER, including increased wolf presence on native range and an 
increasing segment of short-distance migratory elk in the JEH. Elk wintering on native range 
may have been displaced as the wolf population reintroduced into Yellowstone NP increased in 
abundance and their range expanded. Most native winter range of the JEH is north of the NER 
and south of Yellowstone NP. As predation pressure increased on more northerly winter range, 
elk moving to areas of lower predation risk likely moved south and encountered feeding 
operations at the NER. If wolves are deterred by frequent presence of agency personnel Commented [KD8]: Seems like this explanation can be 

explained with more detail:   point out decreased elk calf and adult 
survival associated with northern portion of the herd, and the 
opposite for the portion near the Refuge (south GTNP)—a factor 
that interacts with “displacement” effect.  
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conducting feeding operations, feedgrounds may continue to attract elk due to lower predation 
risk than native range (citations; check Creel and Winnie 2005).  
 
The JEH comprises both short-distance and long-distance migratory elk segments. Short-
distance migratory (SDM) elk summer within 8–10 km west and northwest of the NER, winter 
predominantly on the NER, and migrate relatively late to winter range relative to long-distance 
migratory (LDM) elk (Cole et al. 2015). From 1978 to 2012 the proportion of the JEH comprising 
SDM elk increased from ≈1% to 41%, with the increase correlated with greater calf:cow ratios in 
SDM elk segments than LDM elk segments (Cole et al. 2015). The proportion of SDM elk in the 
JEH has simultaneously increased with the increasing proportion of the JEH that winter on the 
NER, leading to the hypothesis that the recent increase in the proportion of the JEH on the NER 
during winter is largely attributable to growth of the SDM elk segment. 
 
The relationship between the observed increase in proportional winter use of the NER by 
wintering JEH elk and harvest pressure is less clear. “In recent years, hunting seasons have been 
designed to protect long-distance migratory (LDM) elk while increasing harvest of SDM elk. 
Since 2012, no limited quota any-elk licenses have been offered in the hunt areas that focused 
hunting pressure on LDM.  Hunter numbers since 2012 (2012–2014) averaged 2,985 hunters.  
Although hunting seasons and quotas have become more conservative for the areas where 
LDM are more vulnerable, the hunt units for the SDM have been liberalized through the 
addition of license types and extending season lengths to the end of January (Hunt Area 78)” 
(Cole et al 2015).  Despite these efforts to modify harvest pressure, the proportion of the JEH 
wintering in NER has increased significantly since 2000.  
 
Elk calf winter survival and forage deficits 
Elk calves are disproportionately susceptible to winter mortality compared to older elk age 
classes (citations), although factors that influence calf survival are not unique to this age class 
(Fig. 3).  Calves have lower body fat reserves than adults at winter onset, which makes them 
more susceptible to limited forage supplies and starvation-related mortality.  Lower surface 
area to volume ratio associated with smaller body size also facilitates heat loss and necessitates 
greater energy expenditures to maintain body temperature relative to adults.  Inexperience can 
make elk calves more susceptible to predation by wolves and mountain lions.  Weakened 
condition associated with nutritional stress can also increase susceptibility to predation, 
infectious diseases and parasitism (citations).   
 

Commented [WJ9]: Need to paraphrase. 

Commented [KD10]: All good, but can we provide estimates of 
changes in elk numbers by herd segment.  This would really help 
support discussion here that is pretty general here. 
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Figure 3. Influence diagram depicting factors (including management actions) influencing bison 
and elk fed days on the National Elk Refuge (see text for description) and winter calf elk 
survival. Gray hexagons represent outcomes, rectangles represent management actions, 
rounded rectangles represent factors with numerical objectives, and ovals represent factors 
outside of management control. Bolded polygons and arrows represent outcomes and factors 
limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed 
rectangle) is the BEMP criteria with a defined threshold to trigger initiation of supplemental 
winter feeding. 
 
Winter survival of calf elk is higher in feedground areas than on native winter range (Smith and 
Anderson 1998, Hobbs et al. 2003). The public has become accustomed to higher winter calf 
survival on the NER, and respond negatively during winters when survival is noticeably reduced 
(E. Cole, pers. comm.). While not explicitly defined as a desirable outcome in the BEMP, the 
Over-Winter Mortality Model of Hobbs et al. (2003) made predictions regarding elk mortality as 
a function of forage deficits.  For example, the model predicted 4% calf mortality during an 
average winter with JEH population of 6,000 and 42% calf mortality during a severe winter with 
18,000 elk in the JEH. Conversely, adult cow mortality ranged from 1% to 25% in the same 
scenarios. Making adjustments to the criterion used to initiation winter feeding will therefore 
likely disproportionately affect calf survival, making it an important demographic rate to 
monitor to help minimize unacceptable declines in elk calf winter survival while progressively 
transitioning bison and elk from intensive supplemental feeding. Moreover, it provides a means 
of validating models from Hobbs et al. (2003), which was integral in development of the BEMP.  
 
Adaptive Management Plan Approach  
 

Commented [KD11]: At this point, there is still no discussion 
(unless included above in response to my comment) of the 
relationship between calf survival  and population trends.  Do we 
expect population size to decline, and how much, when feeding is 
altered and calf mortality increases, and under what conditions of 
weather and other factors such as summer precip., etc. 
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The AM approach considers management as an ecological experiment, incorporating learning 
as part of management to reduce existing uncertainties regarding how the system responds to 
management actions (Macnab 1983, Walters 1986, Nichols and Williams 2006). Conflicting 
ideas of system dynamics can be formalized as competing models and tested through 
implementation of management actions designed as hypothesis tests (citation from AHM). 
Conversely, if a system is relatively well understood, the AM process may include a single model 
with management experiments intended to increase understanding of known primary system 
drivers. For example, winter feeding is believed to be a primary determinant of elk distribution 
in the Jackson Hole area, but considerable uncertainty exists regarding how elk behavior, and 
resultantly winter distribution, will respond to changes to winter feeding on the NER.  
 
This AM plan acknowledges conditions identified within the BEMP relevant to this plan that are 
already being met, i.e., forage production on the NER and JEH population, and does not address 
them further. Similarly, current bison harvest management is likely to achieve the bison 
population objective in the near future, and therefore is also not considered further.  The focus 
of this AM plan is altering the winter distribution of elk to minimize disease threat currently 
associated with winter feeding. This will result in progressively transitioning elk and bison from 
winter feed on the NER to being predominantly reliant on free-standing forage (USFWS 2007a). 
Considerable uncertainty exists regarding the timing of that transition, with conflicting 
objectives of minimizing bison-elk-cattle mingling on private lands, minimizing publicly 
unacceptable elk winter mortality events, and achieving winter distribution objectives to 
minimize threat of non-endemic diseases. 
 
AM Plan Scale  
 
Elk have been fed all but nine winters on the NER since 1912, and bison have been fed there 
since 1980.  As a result, elk and bison have been conditioned to seek supplemental food on the 
NER, even when natural forage may be available. Considerable uncertainty exists regarding how 
to modify this behavior on both temporal and spatial scales. Elk demonstrate high fidelity to 
winter range (Smith and Robbins 1994) and are relatively long-lived (Houston 1982). For 
example, based on current estimates of annual JEH cow elk survival, nearly 40% of individuals 
alive in a given winter would be alive five years later (Cole et al. 2015). This results in 
generational time scales necessary for implementation of management actions and monitoring 
of response to those actions. To account for the expected lag in behavioral response to changes 
in winter feeding it is believed that those changes need to occur during 3–6 year treatment 
blocks (i.e., conduct 3–6 years of winter feeding with the same initiation criteria). More 
immediate progress toward ‘progressively transitioning from intensive supplemental winter 

Formatted: Highlight
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feeding to greater reliance on free-standing forage’ will be quantified based on the number of 
elk-fed and bison-fed days (EFD and BFD; see description below).   

It is assumed individuals that have learned to rely on supplemental feed will be relatively 
tolerant of proposed changes to winter feeding. If this assumption is correct, changes to winter 
feeding will incrementally reduce the proportion of individuals in the JEH wintering on the NER 
by two primary mechanisms. First, an unknown proportion of adults will disperse from the NER 
in response to changes to winter feeding. This scenario provides the greatest potential for 
conflict as animals move off of the NER onto adjacent private lands in search of forage. Second, 
the proportion of individuals that learn to rely on winter feeding will be reduced. For example, 
shorter feed seasons will decrease the probability that calves will encounter, and learn to 
expect, winter feed on the NER. Over time this will lead to a greater percentage of elk utilizing 
native winter range instead of NER feedgrounds.  

This plan is implementing the Winter Distribution management strategy, which includes 
primary management actions that will occur both on and near the NER (e.g., NER winter 
feeding changes and private lands co-mingling mitigation). The spatial focus of individual 
actions will therefore vary from the NER, Grand Teton NP, Bridger-Teton National Forest (NF), 
and on non-federal lands in collaboration with land owners and WGFD.  
 
Management Actions 
 
Alternative management actions were identified during meetings held at the NER in 2013 and 
2014 with NER, Grand Teton NP, WGFD, and Bridger-Teton NF representatives. Actions were 
grouped into management strategies, i.e., collections of actions that form complete and 
comparable alternatives (Gregory et al. 2012). A summary of management actions and 
strategies is provided in Appendix I. 
 
A diverse suite of potential management actions were considered and three primary strategies 
were created (Appendix I). The Winter Distribution strategy was selected for implementation 
within an AM framework because it was most consistent with the intent of the BEMP and the 
emphasis on winter feeding as a driver of winter elk distribution. This includes 1) alteration to 
the winter feeding initiation criteria, 2) continuation of late-season elk and bison hunts on NER, 
3) increased private lands work to mitigate co-mingling, and 4) increased public outreach. 
 
Winter feeding criteria— 
Current feeding initiation criteria are based on monitoring available forage at key index sites. 
When average available forage declines below 300 lbs. per acre at key index sites, biologists 
have recommended to NER and WGFD managers that feeding should be initiated.  Key index 

Commented [WJ13]: Paragraph on the proposed changes, i.e., 
going from 300 lbs. per acre to 150 for 3-6 years (unless a more 
immediate response is observed), and brief discussion of how the 
measurement of available forage will be modified (2-3 sentences 
covering a less biased approach; the original approach works fine 
for the current feeding program, but if we need to go beyond 0 lbs. 
per acre to see a response we run into issues, can’t have negative 
pounds per acre. Also will help to sample as close to the start of 
feeding as possible to reduce error associated with predicting when 
300 lbs. acre is reached. The details will be provided in the 
monitoring section, so this can be brief and simply provide an 
outline of the proposed changes). I still like a pounds per acre 
criteria over a time-based criteria (i.e., 2 weeks after reaching 300 
lbs. per acre) because the former is much more responsive to elk 
numbers and could delay the start of feeding more so than the 
latter as numbers of elk on the NER decline. The current 
termination of winter feeding criteria will be refined based on 
snowpack in native range adjacent to the NER (we discussed this 
briefly a while back – you thought some simple photo points in 
areas to the north could be an easy way to quantify percent open 
area and link to termination of feeding – please describe that with a 
sentence or two here). Criteria for the termination of winter 
feeding will be consistently applied during manipulation of initiation 
criteria. This assumes that when winter feeding ends is less 
influential in altering the behavioral response of elk than initiation 
of feeding, and eliminates confounding of behavioral response to 
initiation and termination criteria.  
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sites are not randomly selected, but instead represent areas with the highest quality forage, 
which are heavily used by elk.  Future monitoring will include key index sites to facilitate 
comparison with past data collection, but will add additional spatially-balanced random sites 
stratified by plant community type to sample available forage in an unbiased manner.   The 
feeding initiation threshold will be changed from 300 lbs. per acre to 150 lbs. per acre.  We 
estimate that this will result in an average delay of X days in supplemental feeding initiation 
date at current NER elk and bison population levels.  
 
Current feeding termination criteria are subjective.  Typically the last day of supplemental 
feeding occurs within one week of the first day that snow pack reaches zero at the NER 
Headquarters snow monitoring site.  Monitoring will be enhanced to better quantify feeding 
cessation date including the use of photo points to quantify percent snow versus bare ground 
on NER and southern GTNP, but average feeding cessation date will remain unchanged in the 
implementation of the AM plan. 
 
Late-season elk and bison hunts— 
Brief paragraph on current late season hunt management and any changes that may occur. I 
thought there wasn’t much more that could be done on this front, so above stated there 
wouldn’t be meaningful changes – if that is not the case need to correct that.   
 
Private lands co-mingling mitigation— 
Brief paragraph on proposed efforts to mitigate co-mingling – may be some text below useful 
for this. We need to make sure the co-mingling mitigation tools are articulated and 
implementable; this can be started as soon as possible so that when we start adjusting feeding 
to change elk distribution we are a bit ahead of the game.  
  
 
Public outreach— 
Brief paragraph on proposed PO efforts – may be some text below useful for this. Should also 
include the public conflict monitoring as our means to track this (same for private lands 
mitigation?). 
 
OBJECTIVES 
 
This adaptive management plan is a step down plan of the Bison and Elk Management Plan 
(USFWS 2007a), utilizing National Environmental Protection Act (NEPA) approved objectives 
from the BEMP. BEMP objectives relevant to this plan are:  
 

Commented [CE14]: This still needs to be discussed with Steve 
K and cooperators.  Changing criteria to 150 lbs. per acre is 
defensible and quantifiable but in my opinion is unlikely to result in 
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might elicit an elk behavioral response, but leaves us no room for 
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“By year one, develop a structured framework, in collaboration with the Wyoming Game 
and Fish Department, of adaptive management criteria and actions for transitioning 
from intensive supplemental winter feeding of bison and elk herds to greater reliance on 
natural forage on the refuge. Establish objective criteria for when supplemental feeding 
will begin and end in years when needed on the refuge.” 
 
“Implement a phased approach to reducing the number of animals on feed while 
achieving the state’s population objectives. The first phase objective will be to reduce the 
number of elk on feed on the National Elk Refuge to approximately 5,000 and achieve a 
target population of approximately 500 bison. The second phase objective will be to 
adaptively manage bison and elk populations to achieve desired conditions, with animals 
relying predominantly on available native habitat (on refuge, park, and forest lands) and 
cultivated forage (on the refuge).”  

 
The adaptive management process provides a framework for learning from management 
outcomes, i.e., learning is an objective of implementing adaptive management (DOI AM 
citation?). Therefore, the AM plan has additional objectives for increasing understanding of the 
relationship 1) between the timing of winter feeding initiation and elk winter distribution, and 
2) calf winter survival and per capita available forage at initiation of winter feeding. The latter 
provides an indirect validation of the Hobbs et al. (2003) models and simulations that provided 
initial estimates of the number of elk the NER could support during winter without incurring 
forage deficits.   
 
MODELS OF SYSTEM DYNAMICS 
 
Population of Interest 
A succinct and precise definition of the populations of interest is essential for developing 
models of system dynamics and appropriate monitoring, and determining if objectives are 
being met. Bison and elk populations of interest differ slightly in definition as stated in the 
BEMP objectives. The bison objective is for the post-hunt population within the Jackson Hole 
area (the Jackson Bison Herd [JBH]), inclusive of the NER. Conversely, the elk population 
objective for the NER is specific to the number of animals on feed at the refuge, and is a sub-
objective within the broader Jackson Elk Herd (JEH) (Fig. 4) post-hunt objective set by the 
Wyoming Game and Fish Commission (a governor-appointed policy-making board). Elk herd 
unit boundaries are determined by the WGFD and represent population boundaries where 
there is an estimated annual interchange with surrounding herds of <10% (Emmerich et al. 
2007).  Approximately 65% of the JEH winters on the NER based on February classification 
counts (see below for definition of classification counts; USFWS & WGFD unpubl. data). The 
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Jackson bison herd primarily winters on the NER (~90%), but range much further during the rest 
of the year (USFWS & WGFD unpubl. data) (Fig. 4).  
 
Determining if the BEMP population objectives are being met requires periodic estimates of the 
populations of interest. There are two components to the population objectives that need to be 
considered — where animals are and when they are there.  The BEMP bison population 
objective is the same for the JBH as it is for the NER, i.e., there is not a sub-objective specific to 
the NER as there is for elk. Moreover, the bison population objective is less temporally specific 
than that for elk, the former being an annual post-hunt population objective and the latter 
being defined based on the number of animals on feed. This aspect of the elk objective 
increases the difficulty in estimating the population of interest due to movements of animals 
into and out of feedgrounds during winter feeding. More importantly, the amount of time elk 
are on feed varies among years.   
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Figure 4. Jackson Elk Herd unit boundary, including the National Elk Refuge and Grand Teton 
and Yellowstone National Parks. INCLUDE BISON RANGE IN THIS FIGURE. 
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While not explicitly stated, the BEMP assumes annual classification counts would be used to 
determine if population objectives were being met, i.e., as a proxy for the number of elk on 
feed at the NER. Classification counts are a coordinated census of the JBH and JEH, 
collaboratively undertaken during early February by WGFD and the NER. These counts are 
undertaken during a single survey period and do not necessarily represent either peak or 
cumulative abundance (i.e., the greatest number of animals present on a single day during a 
winter, or the sum total of animals present throughout a winter, respectively) of bison or elk on 
feed. Elk and bison are enumerated by age and sex classes, providing population class structure 
information as well as overall abundance. A 5-10% difference typically exists between the 
classification count estimate and the daily number of elk on feed during peak abundance. Peak 
elk abundance on the NER during 2007–2013 occurred late February through the first week of 
March (USFWS unpublish. data) (Fig. 5). Proposed changes to winter feeding that would result 
in a later initiation of feeding could increase the difference between when the classification 
count is conducted and peak numbers of elk on feed. Proposed changes could also result in 
initiation of feeding on the NER after the classification count has been completed in some 
years. Lastly, the classification count may be replaced in the near future by survey (i.e., not a 
census) methodology used elsewhere in the state by WGFD for estimating elk abundance. The 
new survey methodology may not provide suitable NER-specific estimates of elk abundance for 
determining if NER population objectives are being met.  
 
Beyond logistical or methodological considerations, a single elk population estimate in time 
would not adequately capture the dynamic nature of elk abundance in relation to winter 
feeding on the NER. For example, 5000 elk on winter feed (the current BEMP Phase 1 objective) 
for three months would likely have a greater impact on NER habitats than 5000 elk on feed for 
a single month. The BEMP Phase 1 elk population objective is not defined by time, leaving it 
open for interpretation whether the objective was intended as a mean number of animals fed 
during a winter, a maximum number fed, or a cumulative number fed. To address this issue 
while staying within the implied intent of the BEMP, we chose elk-fed days (EFD; the cumulative 
number of elk fed during a feeding season) for determining if the elk population objective is 
being met. This number combines both the spatial and temporal aspect of animals on the NER, 
providing better accounting of potential effects than a single classification count. It is also 
believed that this is more consistent with winter carrying-capacity projections estimated in 
Hobbs et al. (2003). The Phase I objective of 5000 elk on feed is defined relative to elk-fed days 
as  
 

𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑑𝑑 ∗ 5000 elk, 
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where d is the mean number of days of feeding from 1995–2007 (64 days [SD = 22]). This time 
span was selected to maintain consistency with the data used in developing the BEMP. The 
benchmark historical value is then 320,000 EFD. Bison-fed days (BFD) can similarly be calculated 
as 31,500 BFD for bison using d = 63 days (SD = 22) and the bison population objective of 500 
animals. This latter value provides an important historical perspective on winter feeding of 
bison and can assist in determining efficacy of management actions toward accomplishing the 
bison objective; post-hunt bison abundance will be the definitive number used for determining 
if the bison population objective is being met.   

 
Figure 5. Mean daily elk abundance on the National Elk Refuge during winter feeding, 2007–
2013. Data are from feedline counts for calendar dates where feeding occurred during all 
years, i.e., February 12th (calendar date 43) through March 21st (calendar date 80). Counts 
were conducted from feeding equipment.   
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Models 
Models provide a simplified representation of the biological system being managed.  
Adaptive management uses models of the managed system to link the objective response (e.g., 
elk winter distribution) to changes in the system resulting from management actions (e.g., 
altered initiation of winter feeding).  
 
Paragraph on sources of error if needed? Should include process error in calf survival model. 
 
Elk winter distribution model 
The proportion of the JEH that winter on the NER will be linked to factors hypothesized to 
influence elk winter distribution (Fig. 2) using a generalized linear mixed effects model (GLMM). 
A GLMM can account for a proportional response variable (i.e., constrained to the interval 0–1) 
using a log link and binomially-distributed errors. A GLMM also includes fixed and random 
effects, with the latter capturing residual model variance otherwise not explained by fixed 
effects. Year will be including as a random effect, providing several benefits. First, we don’t 
assume years are independent and comprise all of the factor levels of interest. Instead, the 
effect of year is treated as a random variable, with individual year effects realizations of that 
distribution. This allows inference to non-sampled factor levels, i.e. years, by estimating a latent 
population-level proportion of elk expected to winter on the NER regardless of fixed effect 
influences. Thus, the random year effect can be considered a latent variable describing elk 
behavior manifested as observed winter distribution. Second, because year effects are not 
treated as independent, estimated effects of year on the proportion of JEH elk wintering on the 
NER are dependent on all factor levels, leading to greater precision when estimating individual 
year effects (Kéry 2010).  
 
The full GLMM incorporating fixed effects for each factor identified as influencing elk winter 
distribution (Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐸𝐸𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝐸𝐸𝑆𝑆𝑡𝑡 + 𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝐸𝐸𝑡𝑡 + 𝜀𝜀𝑡𝑡 
 
where the random intercept and residual model variance are 
 

𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0
2 ), and 

 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
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Fixed effects include 1) per capita available forage at initiation of winter feeding (AFI) , 2) 
proportion of the JEH that are short-distance migrants (SDM), 3) number of wolf packs present 
on JEH native winter range (WP), 4) growing season (May–August) precipitation for the 
Wyoming Snake Drainage climate division (GSP; a proxy for available forage on native winter 
range), and 5) snow water equivalent on 1 January at Thumb Divide (SWE; a proxy for early 
winter severity).  
 
Elk calf winter survival and forage deficits 
The Forage Accounting Model of Hobbs et al. (2003) has as an output weekly available forage 
biomass for the NER (sum of predictions for 30 × 30 m cells). These predictions account for 
snow conditions using a proxy of SWE and decrement total available biomass by 35% to account 
for unpalatable plants within the total estimate.  
 
While calf survival is a function of multiple factors (Fig. 3), the primary management action 
influencing calf survival is supplemental winter feeding. Current winter feeding initiation 
criteria lead to calf survival generally higher than in unfed populations. Proposed feeding 
initiation criteria will result in later initiation of supplemental feed, which will be most 
influential to calf survival. There is currently little understanding regarding the relationship 
between initiation of winter feeding and calf survival, except that current feeding initiation 
criteria result in high calf survival. We believe a threshold level of available forage at initiation 
of winter feeding exists such that winter calf survival reaches an asymptote. Below this 
threshold, calf survival is hypothesized to decline quickly with reductions in available forage at 
winter feeding initiation. Available forage at the initiation of winter feeding will be related to on 
elk calf winter survival using a saturating function (i.e., Holling type-II functional response; Fig. 
6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐸𝐸𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐸𝐸𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf survival is related to available forage. Maximum 
calf survival is a, and b represents the value of available forage to an individual when survival is 
50% of a (Hilborn and Mangel 1997).  
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available forage can be calculated. Would only be able to use snow 
data from SNOTEL sites that have data available online, which 
shouldn’t be too much of a problem.  
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Figure 6. Hypothesized relationship between winter survival of elk calves and per capita 
available forage at initiation of winter feeding on the National Elk Refuge.  
 
Although this approach doesn’t capture forage deficits per se, it does provide a potentially 
sensitive proxy for this concept. It is assumed that a forage deficit for calves would occur at a 
point on the curve of the relationship between calf survival and available forage at initiation of 
supplemental feeding. Modeling the response of winter calf elk survival to changes in feeding 
initiation criteria facilitates our ability to maximize the influence of feeding initiation criteria on 
winter distribution while minimizing the likelihood of a large mortality event.   
 
 
 
MONITORING 
 
Feeding Initiation Monitoring:   Using existing ocular estimate methods with 10 sub samples 
per monitoring sites to determine average available forage (lbs. per acre).  Additional observers 
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will be added to train people other than Eric Cole on methods and develop error estimates. 
Additional monitoring sites will be added to increase sample size, increase precision of 
estimated available forage, and represent the entire south end of NER stratified by plant 
community type.  Sampling will be weekly starting in late December and continuing until 
feeding is initiated (or perhaps for some time after feeding is initiated).  The Hobbs forage 
accounting model will be run concurrent with field data collection, and field data will be used 
for model validation.  Developing a relationship between field measurements and Hobbs model 
methods might lead to reliance on modeling techniques rather than field data collection to 
estimate available forage in future years. 
 
Proportion of Elk Wintering on NER: NER and WGFD annual elk classification count trend data 
will typically collected in February each year will continue to be the way that we measure the 
proportion of elk wintering on NER relative to the rest of the JEH. 
 
EFD and BFD: I assume derived from daily feedground estimates for each species cumulatively 
added across the number of days fed.  Alternatively average of daily animals on feed multiplied 
by the total number of days.  Alternatively classification count data for NER multiplied by total 
number of days fed.   Precision of daily elk and bison estimates could be improved by using 
multiple observers several times per year or possibly conducting classification count like counts 
multiple times per year where only totals were obtained.  
 
Elk Winter Mortality Monitoring: Current census of all elk winter mortalities on NER will 
continue (comparable data collection back to 1981).  Calf mortality is key variable of interest, 
but total, calf, adult cow, mature bull, and spike bull age class mortality will continue to be 
monitored as well.  Potential criticism is that if we anticipate movement of elk off NER as a 
result of changes to the feed program but only monitor elk mortality on NER, then we are not 
accounting for the effects of management actions on elk mortality.  Costs are minmal and 
associated with in kind NER staff levels unless sampling were to be expanded off NER in which 
case costs would increase. 
 
Elk Collaring: 30-40 adult cow elk will be collared on NER feedgrounds during February-March 
2016.  Elk will be collared with Telonics Irridium GPS collars.  Approximate costs per collar 
including drop off mechanism and Iridium subscription $2,600 per collar. We will likely forgo 
VHF beacons on collars to avoid red tape associated with frequncey approval and extend collar 
life.  Anticipated collar life 2-3 years. Approximately 10 additional elk per year in subsequent 
years will be captured to maintain 30-40 elk in the sample.  GPS collar data will be used to: 
1)Determine the summer range proportions of elk that winter on NER. 2) Evaluate elk 
behavioral response to changes in the feeding program ie when and where do elk leave NER.  
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3)Capture efforts will facilitate collection of important ancillary biological information 
(brucellosis seroprevalence, pregnancy rate, DNA samples, etc.) 
 
Wolves: Given potential importance as a covariate, estimates of total wolf numbers and the 
total number of wolf packs in the JEH unit will continue to be important.  Jurisdiction of 
monitoring data remains in flux due to litigation. 
 
Disease: Given ‘healthy- elk goal. Continued CWD monitoring in the JEH is warranted.  Current 
baseline brucellosis seroprevelance for elk the winter in NER is needed.  This would be 
facilitated by large scale elk capture in 2016 to deploy GPS collars.  Costs to continue current 
level of CWD surveillance in the JEH is approximately $32,000 per year. 
 
Trumpeter Swans Using the Visitor Center Ponds: I view this as the linchpin to evaluating the 
success of our activities on the refuge.  The number of cattails in these ponds and their effect 
on Jackson Hole tourism is also keeping me awake at night.  Estimated annual cost for 
monitoring:  $222,000 
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Need to articulate that the primary issue to be addressed with this plan is how to alter elk 
behavior so that the desired winter distribution is achieved. Only once that is done can the 
questions regarding what number of elk the NER can support while achieving habitat 
objectives be visited. Already at JEH objective, and nearing JBH objective.  
 
The bison population objective of 500 animals post-hunting season was determined based 
largely on maintaining genetic heterozygosity while minimizing other conflicts (USFWS 2007a). 
Unlike the second phase elk objective, the bison objective is independent of additional criteria 
defined as desired conditions.  
 
 

APPENDIX I 
 
Development of Alternative Management Actions and Strategies 
Alternative management actions were identified during a meeting of stakeholders at the NER 
22 May 2013. Alternative actions, and constraints, were developed for the NER winter elk 
population and the JBH. A series of further meetings (25 July, 20 August, 12 September, 23 
October, and 13 November 2013, and 22 January, 24 February, and 7 April 2014) were held to 
create management strategies, i.e., collections of actions that form complete and comparable 
alternatives (Gregory et al. 2012).  
 
Reference case—It is helpful to identify a reference alternative that captures the recent and 
ongoing management actions that have led to the current state of the system for comparing 
with new alternatives that are developed. Ongoing management actions include winter feeding, 
irrigation, harvest, and hazing.  
 
Big game population objectives in Wyoming are evaluated and updated at least every five 
years. Objectives represent the preferred number of animals during winter within a herd unit 
(e.g., the Jackson Elk Herd) and are determined based upon multiple factors, including 1) 
available habitat to support the defined population, 2) hunting access, and 3) tolerance for 
wildlife on private lands by landowners (Tassell et al. 1995). Public input on proposed 
population objectives is obtained during public hearings. After the hearings the proposed 
population objectives are sent to the Wyoming Game and Fish Commission for review and 
approval. The NER, GTNP, and Bridger-Teton National Forest (BTNF) have participated in WGFD 
big game population objective review and revision processes in the past for both the JEH and 
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JBH. These federal agencies will continue to participate in objective setting for the JEH and JBH 
populations. 
 
The current JEH winter feeding program includes two groups of feedgrounds – one on, and 
managed by, the NER, and the second managed by WGFD. The latter are the Alkali, Fish Creek, 
and Patrol Cabin feedgrounds, collectively known as the Gros Ventre feedgrounds, located on 
BTNF lands. Initiation of feeding is currently conservative, i.e., has the primary objectives of 
minimizing elk 1) winter mortality of the most susceptible group, calves, and 2) comingling 
issues with cattle on adjacent private lands. Winter feeding begins when available forage 
reaches approximately 300 lbs acre-1 at key index sites. Available winter forage for elk and bison 
on the NER is largely determined by snow conditions, rate of forage consumption during fall 
and winter, and biomass of forage produced during the previous growing season.  
 
Forage biomass (metric tons) is correlated with the amount of precipitation (mm) during May–
August (𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 50.31, R2 = 0.91; 1995 and 1998–2006, NER unpubl. data), and secondarily 
affected by the number of irrigated acres.  Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–2013, and in recent years irrigation of 
approximately 3,600 acres has increased forage production by approximately 10% compared to 
what would have been produced with precipitation alone. Estimation of forage biomass is done 
annually based on sampling at index sites. Index sites are selected subjectively each year based 
on presence of vegetation highly palatable to elk such as naturally sub-irrigated wet meadows, 
irrigated areas with significant green vegetation, and in years with adequate late summer/early 
fall precipitation, native dry grassland plant communities with basal green up.  
 
During 1995–2013, mean initiation of winter feeding on the NER was 28 January, ranging from 
30 December to 28 February. Mean termination of winter feeding during this same period was 
3 April, ranging from 20 March to 20 April. Initiation and termination dates vary widely based 
on winter conditions. Excluding years in which feeding did not occur, mean initiation and 
termination dates for winter feeding during 1976–2013 at the Gros Ventre feedgrounds 
occurred during the second week of January and first week of April, respectively (Table 1). This 
resulted in approximately 3 months of feeding each year.  
 
Table 1. Winter feeding mean initiation and termination dates and total days for the Gros 
Ventre feedgrounds managed by Wyoming Game and Fish Department. Standard deviations 
are provided parenthetically. 
Feedground Initiation Date Termination Date Total Days 
Alkali 10 January (18.8) 7 April (13.5) 89 (23.5) 
Fish Creek 9 January (12.3) 4 April (17.1) 85 (21.0) 
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Patrol Cabin 11 January (13.5) 4 April (11.6) 84 (19.0) 
 
Winter feeding coordination between the NER and WGFD occurs annually. Feeding in the Gros 
Ventre feedgrounds is targeted specifically to assist in keeping animals from moving to the NER; 
for example, animals are more likely to move to the NER if feeding is occurring there and not at 
the Gros Ventre feedgrounds, where the opposite up-slope migration is less likely. Termination 
of feeding at feedgrounds needs to be coordinated so animals moving to the NER after feeding 
ends on the Gros Ventre feedgrounds do not remain at the refuge. This coordination will 
continue regardless of the management strategy employed.  
 
Bison are fed as necessary to ensure elk are adequately fed. Bison out-compete elk for forage 
resources, so the typical strategy is to keep bison at the northernmost NER feedground 
(McBride) by feeding them prior to feeding elk. Bison are fed separately from elk and are given 
a ration adequate to ensure they do not move to elk feeding areas. This also influences 
distribution of bison in the winter, reducing conflict associated with bison moving into 1) 
Jackson, and 2) the Nowlin unit of the NER where commercial sleigh rides occur.  
 
Total harvest of the JEH was reduced over the last decade as the population objective was 
reached (Fig. 4). Elk hunting on the NER (Hunt Area 77) typically begins in mid-October and 
ends in mid-December, with peak harvest in recent years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 (SD = 56) hunters harvested 161 (SD = 38) elk 
per year during the NER hunt.  
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Figure 4. Jackson elk herd estimated harvest, 2002–2011. 
 
Associated with harvest on the NER, “tag and drag” is a retrieval service currently provided by 
two licensed outfitters. They are also licensed to guide on the NER. This program will continue 
regardless of the management strategy employed.   
 
Hazing of elk is currently only undertaken in spring to encourage elk (and bison) to move off of 
the NER. Attempts at post-hunting/pre-feeding hazing of elk to the north part of the refuge 
occurred (e.g., 2005–2006), but were largely ineffective with elk generally returning the 
following day to the south end of the NER. These efforts included hazing using ATVs, on foot, 
and on horseback. Reducing spring hazing to increase early-season harvest was considered as a 
potential action but not included due to 1) the perception that the loss of forage on the Refuge 
by resident elk during summer would offset gains due to increased harvest, 2) presence of 
wolves on the northern end of the Refuge may preclude the desired response of reduced 
hazing to keep elk on the north end of the Refuge, and 3) recently observed aspen recovery 
could be reduced if elk use increased on the north end of the Refuge.  
 
Fencing of hay stacks and livestock feedline areas has historically been used to mitigate conflict 
on private lands. Fencing as mitigation on private land will continue in a targeted fashion. For 
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example, a proposed mitigation in the Horse Creek area would involve a land trade with a 
private landowner to move livestock winter feeding operations off of a south facing slope that 
is a movement corridor for elk. Fencing three sides of the private land would separate the 
corridor from the livestock feedline. Targeted fencing of golf course greens and sand traps fall 
through spring has been successful in some situations for mitigating elk and bison presence in 
these areas. It is important to note that the county has a ‘wildlife-friendly’ fence policy and 
does not support fencing impermeable to wildlife. 
 
The outcome of the reference case described above for elk abundance and distribution during 
winter in the JEH is shown in table 2. Population objectives for the two feedground complexes 
are provided, as are annual elk abundances as measured during the classification count. The 
data presented in table 2 demonstrate the potential for reaching the Phase 1 NER winter elk 
population objective of 5,000 while remaining within the JEH objective of 11,000 (±10%). 
 
Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2013, relative to the current objective. 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range* 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 

*Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 
  
Bison numbers grew exponentially from the 1970s until recently, peaking at 1059 animals in 
2007 (Fig. 5). Recent declines in the number of bison are largely attributable to increased 
hunter harvest on the NER. Bison hunting begins on August 15 and ends in early to mid-January; 
no bison hunting is allowed in GTNP, resulting in bison often staying in the park during the 
hunting season with only occasional movements onto the NER until severe winter conditions 
occur. Given this situation, harvest management balances extending the hunt as late in January 
as practicable without conflicting with winter feeding. The dynamic nature of winter conditions 
makes this unpredictable, and results in the use of emergency bison season extensions or 
reductions. For example, an emergency extension of the season (no later than 31 January) 
could occur if mild winter conditions precluded desired harvest levels earlier in the season. 
Conversely, an emergency closure may be necessary if winter weather conditions require 
feeding to commence before the predetermined season end date. 
 
Most bison harvest occurs on the NER, with some additional harvest on private and BTNF lands.  
Since the initiation of the bison hunt in 2007, mean harvest has been 210 (SD = 45.5) bison per 
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year.  This level of harvest has been sufficient to arrest the exponential growth of the 
population, reducing bison numbers from the peak in 2007 to 855 animals in 2013 (Fig 5). 
Licensing changes for hunting Jackson Hole bison were enacted in 2014 to increase harvest, 
especially of bison females.  These included a reduction in the bison female/calf license fee 
(from $416 to $263 for residents and from $2522 to $1022 for non-residents) and eliminating 
the once-in-a-lifetime restriction on a successful bison hunter to only those that successfully 
harvested a bull. Tribal bison harvest is currently defined in the BEMP to permit up to five 
animals for ceremonial purposes; tribal harvest generally occurs outside of the state bison 
season. Translocation of bison to tribal lands outside of Teton County is not currently permitted 
due to brucellosis concerns.  

 
 
Figure 5. Bison winter population in the Jackson Hole area, 1970–2013.  
 
Bison would likely occupy the Refuge year-round without management intervention, but as a 
result of hazing by refuge staff and disturbance by hunters, peak bison activity on the NER 
occurs January–April each year.  If bison fail to leave the NER following the cessation of 
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supplemental feeding they are typically hazed off the Refuge using all-terrain vehicles (ATVs) in 
late April to early May.  Hazing moves bison to GTNP, where they generally remain until mid-
July. From July to early August bison that return to the NER are hazed back to GTNP to protect 
forage for elk during the winter months. Hazing efforts in August cease within several days to 
weeks of the bison season in an effort to increase hunter harvest.  
 
National Elk Refuge 
Alternative management actions identified for meeting the NER winter elk population objective 
can be grouped into four categories, including 1) winter feeding management (both on and off 
the NER), 2) population management (harvest, culling, and fertility control), 3) habitat 
improvements (on and adjacent to the NER), and 4) mitigating private lands conflicts 
(leases/easements, incentives, fencing) (Table 3). The latter represent sequenced alternatives 
that would be necessary to implement due to wintering elk dispersing onto private lands 
adjacent to the NER in response to other management actions taken. A fifth group of 
alternatives associated with increasing public awareness (including local elected officials, e.g., 
county commissioners) of ‘natural’ levels of elk winter mortality were included after the 
meeting. These actions represent acknowledgement that the current feeding program results in 
reduced winter mortality, perhaps exacerbating already low public tolerance to increased 
winter mortality, whether episodic or perennial in nature. This group was expanded to include 
more targeted education and outreach efforts for landowners, sportsmen and agencies, and 
the WGFD Commission, depending on the strategy.  Lastly, a group for each of monitoring and 
enforcement were included to allow proper accounting of projected costs associated with each 
management action strategy.   
 
Table 3. National Elk Refuge winter elk population strategy table for identifying alternative 
management action strategies. Ongoing management actions that will be continued 
regardless of strategy selected are not included in the table; descriptions can be found in the 
‘Reference case’ description within the text. 

  

Reference 
Case 

NER-
focused 

Southern herd 
segment 
mngmnt 

Late 
Season 
Harvest 

Winter feeding management  
   No change X 
 

X X 
Less conservative (NER)  X 

  Population management  
   No change X 
   Increase harvest objectives in Hunt 

Areas 77 & 78  
 

X 
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Late-season refuge hunt (Hunt Area 
77)  X X X 
Coordinated late-season hunt (Hunt 
Areas 75, 77, 78, 80)    X 
Extend open period on Forest 
Service  

  
X 

Fertility control (Hunt Area 78 & 
GTNP South)  

 
X 

 Hunt Area 78 Hunter management 
program   X  

Habitat improvements  
   No change X 
   Fire management on NER and 

adjacent public land  X X X 
Private lands mitigation  

   No change X 
   Incentivize steer operations  X 

  Non-traditional landuse mitigation   X  
Public education/outreach (EO)  

   No change X 
   Increase public EO (including local 

elected officials)  X X X 
Increase landowner EO  X X 

 Increase sportsmen & agency EO   X  
Increase WGFD Commission EO  X X X 

Monitoring X 
   No change  X X 

 Increase  
   Enforcement  
   No change X 
   Minor increase  X X  

Major Increase  
  

X 
 
Winter feeding management—Management of winter feeding is a primary driver of elk 
distribution, and to a lesser extent abundance, in the Jackson Hole area. Feeding on the NER is 
initiated each year based on a series of factors, including the amount of forage on the NER, 
number of elk present, and snow conditions. Initiation of feeding is currently conservative (see 
Reference case, pg 5). A less conservative approach would result in later initiation of feeding, 
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therefore potentially increasing winter calf mortality and comingling. Including agronomic 
grassland plant communities without significant green vegetation and/or reducing the available 
forage threshold would result in a less conservative winter feeding program. Per capita ration 
levels would not change from the current level.   
 
Implementing a less conservative feeding program could result in very limited, or no, feeding 
given certain winter conditions. However, the criteria for a less conservative feeding program 
would not be such that it could be construed as ‘emergency feeding’, i.e., feeding only to 
preclude a catastrophic mortality event. Colorado, Idaho, and Utah provide examples of states 
that have emergency feeding policies. Existing evidence suggests that emergency feeding is not 
very effective (see review in Putman and Staines 2004). Moreover, the current feeding regime 
has been developed for non-emergency situations; a review of current rations and pellet 
composition would be necessary to adjust the program for emergency feeding.  
 
Population management—Hunter harvest is the primary tool employed for population 
management of elk and bison in Wyoming. Increased harvest objectives on/near the NER would 
target the southern segment (Hunt Areas 77 & 78), which is currently more productive (i.e., 
higher cow-calf ratios) than other JEH segments. Doing this would help achieve JEH objective 
while minimizing harvest on migratory segments. In order to track hunter harvest there would 
need to be an increase in monitoring, e.g., hunter self-registration.         
 
Elk hunting on the NER currently ends mid-December. Offering a late-season hunt (after 15 
December) would assist in deterring elk from moving onto the refuge. Without coordinated 
hunts in adjacent units (Hunt Areas 75 [GTNP], 78 and 80), and extended open access on BTNF 
lands in Hunt Area 80, the NER hunt would likely be ineffective in also significantly increasing 
harvest. Late-season harvest in Hunt Area 80 would include migratory Yellowstone elk, a 
declining herd segment of conservation concern. These proposed coordinated efforts would 
need to be approved by the Commission, BTNF, and GTNP.  
 
Fertility control was considered and rejected in the 2007 BEMP, so therefore could not be 
undertaken on federal lands without vetting in the NEPA process. Moreover, this action would 
need approval by the WGFD Commission prior to the state undertaking fertility control on 
private lands in collaboration with landowners in Hunt Area 78 and Grand Teton NP South 
would occur during summer on private lands. Research completed since signing of the BEMP 
indicates fertility control may be more tractable now than when it was considered during 
preparation of the BEMP. Killian et al. (2009) demonstrated effectiveness of GonaCon™, a 
gonadotropin-releasing hormone vaccine, in female elk. Dart-delivered 2 ml doses of 1000 μg 
GonaCon™ resulted in nearly complete infertility of females treated in September. Much of the 
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early research on this immunocontraceptive vaccine was for use in white-tailed deer, with 
regulatory approval of GonaCon™ for use in female white-tailed deer by the U.S. Environmental 
Protection Agency granted in 2010. There are no known dangers to humans or wildlife from 
eating animals that have been treated with GonaCon™. 
 
Most of the observed increase in segment population has occurred in the largely non-migratory 
Hunt Area 78 / Grand Teton NP south segment. Increased harvest in this segment would help 
address a number of issues, in addition to assisting in reaching Phase I objective. Harvest is 
nearly as liberal as possible at this time; the greatest limitation is hunter opportunity in 
residentially-developed areas. Elk use in those areas is increasing, necessitating continued 
collaboration with homeowner associations to improve hunter access within residential 
developments. Many associations have covenants that exclude firearms, but archery may be an 
option where firearms are excluded. There is also a growing constituency for trophy bulls in 
these areas.  
 
A hunter management program for Hunt Area 78 would coordinate private land access through 
a hunt manager as liaison to private landowners. This program would be modeled after similar 
programs in Montana, as well as several in Wyoming (Meteetse, Laramie Peaks, etc.).    
 
Habitat improvements—Habitat improvements discussed so far have focused on fire 
treatments on range adjacent to the NER to increase attractiveness of these areas to wintering 
elk. Opportunities exist for managed fire in certain areas, but opportunities for prescribed fire 
are limited. Fire treatments in lynx habitat would not be possible, therefore it would be 
necessary to determine if a conifer stand was suitable lynx habitat as based on tree cover. 
Conversely, areas within sage grouse core habitat (i.e., within a 4 mile radius of a lek) have a 5% 
disturbance cap that would similarly preclude fire treatment. Areas mapped as wildland urban 
interface (WUI) are available for treatment, but treatments need to be defined as a fuels 
reduction.  
 
There is potential to have fire management areas on the refuge, but the conflict with sage 
grouse on the northern portion of the NER, which is identified as sage grouse core habitat, 
would need to be addressed. The plan will therefore include prescribed fire even if it isn’t a 
primary tool. These changes would represent a small, ephemeral gain at best in changes to 
habitat that may result in more elk wintering outside of the NER. Wildland fire use (i.e., wildfire 
to meet resource objectives) is authorized forest-wide in the BTNF. Much of the BTNF adjacent 
to the NER is within the Gros Ventre Wilderness, which is managed to allow “natural processes 
of ecological change to operate freely. The number, size and intensity of fires [are managed to] 
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approximate the natural fire regime” (USFS 2013). Benefits from wildland fire use on adjacent 
national forest lands are therefore opportunistic in nature. 
 
Private lands mitigation—Easements and leases have been proposed as a means to minimize 
livestock and elk conflict related to brucellosis. Easements would incentivize steer operations 
by purchasing from willing sellers the right to have cow/calf pairs. Easements should also 
consider all winter feeding of livestock (e.g., horses), certain agricultural crops that are 
attractants to elk (e.g., irrigated hay), as well as hunting access. These easements would be 
purchased and enforced through agencies and local land trusts. Leases in the Spring Gulch area 
are not a suitable solution due to the current level of development; may be an option in Buffalo 
Valley assuming the weather allows animals to winter there. Leases/easements would need to 
include a statement that the individual would forfeit their right to make a depredation claim to 
WGFD.  
 
Non-traditional landuse mitigation would differ from that described above for traditional 
landuses. For example, the Jackson Hole Conservation Alliance is working with subdivision 
landowners to install landscaping that is less attractive, and more resistant, to elk and deer. 
Similarly, WGFD assesses subdivisions to identify issues for mitigation, and provides input to 
real estate developers and in county planning documents. Also, targeted hazing in subdivisions 
and golf courses is ongoing and will continue on an as-needed basis. 
 
Public education/outreach—Each partner agency will have the opportunity to become involved 
in the planning and execution of education and outreach (EO) efforts. Increased public EO 
efforts will be undertaken regardless of the strategy selected. These efforts will include 
increasing public awareness of, and tolerance for, natural levels of winter mortality in elk. This 
would be accomplished through local news releases and radio announcements, training for 
sleigh-ride contractors that includes information on winter mortality in unfed populations of 
elk, etc. Regular updates on the planning process and progress towards meeting objectives set 
out in the BEMP will also be provided to the public through NER media outlets. County 
Commissions will be included in public EO efforts to make sure they are aware, and supportive, 
of the agencies’ efforts.  
 
Landowner EO would differ between those engaged in more traditional agricultural landuse 
(i.e., ranching) and non-traditional landusers (i.e., residential developments, golf courses). The 
decision to change a livestock operation from cow/calf to steers (non-breeding) is a major 
decision.  It is not expected that ranchers would respond to an article in the paper, news story 
on the radio or even a letter.  This kind of effort will require primarily one-on-one interactions 
with an individual that has built relationships and trust within the community. This would 
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require a private lands biologist to work with private landowners in the area. The position could 
be a shared position among agencies. Conversely, EO focused on homeowners in exurban 
developments will focus more on meetings with homeowners’ associations, residential 
developers, etc., to provide information regarding living with wildlife, wildlife management and 
conservation, etc. All agencies will need to collaborate in initial efforts to reach key landowners 
and homeowner associations to convey the objectives and primary issues involved in managing 
elk and bison in Jackson Hole, as well as to express the importance of their involvement in the 
process. WFGD is currently doing this in some areas, e.g., Hunt Area 78.  
Sportsmen EO would include meetings with local and regional sportsmen’s clubs and ideally 
articles in club magazines, Wyoming Outdoors, etc.  General newspaper articles could also help 
disseminate information. This could be largely accomplished with existing staff.  
 
Agency EO is happening to some degree through AMP meetings.  It would be helpful to focus 
on two different groups; field staff and Regional Office managers.  Field staff are instrumental 
in achieving management actions on the ground, but also support changing public opinion in 
the local area through their personal interactions outside of work.  Regional office EO is 
essential in building the necessary support to obtain project resources and have support when 
controversies are elevated to their level.    
 
WGFD Commissioner EO will require personal contacts coordinated with WGFD.  Top priority 
will be the commissioner for this area and perhaps others.  This will include 1) tours of the NER 
and GTNP and 2) a briefing on alternative strategies resulting from the AMP. 
 
Monitoring—Draft once strategies are finalized. 
 
Enforcement—Draft once strategies are finalized. 
 
Contstraints 
Constraints that were identified for managing wintering elk population on the NER were diverse 
and included policy/regulatory, biological, social, and funding constraints, and combinations 
thereof (Table 4). The most common constraints were policy related (33%), followed by social 
(28%), biological (22%), and funding (17%) constraints. Many of the identified constraints could 
be identified in multiple groups; we largely identified constraints as belonging to a single group 
to simplify classification.  
 
Table 4. Management constraints identified for the National Elk Refuge wintering elk 
population objective. 
Policy constraints 
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Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Easement limitation (NER boundary) 
2007 EIS (rejected fertility control and test and slaughter; limits tribal 

harvest) 
Social constraints 

Hunter numbers 
Winter mortality (social acceptance) 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts 
Fencing/wildlife conflicts 
Migratory segment (maintain summer distribution goals) 

Funding constraints 
Easements 
Fencing 
Fertility control 

 
National Elk Refuge Strategy Narratives 
Management action strategies were divided into themes based on the focus of the grouped 
actions within a strategy. For example, the National Elk Refuge-Focused strategy targets winter 
elk distribution through management actions primarily taken on the refuge. The Southern Herd 
Segment Management strategy is a set of actions intended to reduce the number, and 
productivity, of the largely non-migratory elk in Hunt Areas 75 and 78 while minimizing the risk 
of harvest to migratory segments of the JEH. The Late Season Harvest strategy would increase 
harvest more generally in the JEH through coordinated late season hunts, with key caveats 
outlined below. Several actions were identified as necessary to continue, or implement, 
regardless of the strategy selected. Those to be continued are the 1) intra-seasonal 
management and coordination between the NER and WGFD Gros Ventre feedgrounds, 2) 
fencing for private lands mitigation, and 3) “tag and drag” and guided hunts on the NER and 
GTNP. New actions to be implemented across all strategies include 1) a late-season refuge hunt, 
2) Fire management on NER and adjacent public land, 3) increased public education and 
outreach, and 4) increased WGFD Commission education and outreach. 
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National Elk Refuge-Focused Strategy 
The NER-focused strategy is based on altering distribution of elk using management actions 
centered primarily on the refuge. This strategy implements actions to make the refuge less 
attractive to wintering elk primarily through a less conservative winter feeding program and 
initiation of a late-season hunt. This assumes that a proportion of elk that winter on the refuge 
can be conditioned to stay on adjacent winter range based on decreasing the incentive (later 
initiation of feeding) and increasing the disincentive (late season hunt) to moving onto the 
refuge. Incentivizing steer operations on private lands would be undertaken to address the 
increased proportion of elk that may winter on adjacent private lands. Similarly, education and 
outreach to private landowners is included in this effort to increase acceptance of elk wintering 
on private lands adjacent to the NER. Increased enforcement on the NER would also be 
necessary due to the addition of the late-season hunt.  
 
Southern Herd Segment Management Strategy 
The southern herd segments (Hunt Area 78 and GTNP South) are increasing absolutely and 
proportionally within the JEH. Conversely, migratory segments (i.e., elk that summer in 
Yellowstone NP and Gros Ventre Wilderness) of the JEH are stable to declining. The Southern 
Herd Segment Management Strategy focuses management actions at slowing, or reversing, the 
growth of the southern herd segments. Proposed actions include increasing harvest through 
the development of a hunter management program, a program that also helps address private 
lands mitigation. Targeted fertility control on private land summer range could also be 
explored by WGFD, but would need to go through the proper approval process (i.e., WGFD 
Commission). This action was considered and rejected in the BEMP. Increased outreach to 
sportsmen and agencies, and landowners, would be undertaken; the former is due to the 
potential for fertility control and the latter is for increasing awareness of landowners of the 
efforts to reduce the southern herd-segment. Increased harvest is localized by this strategy, 
minimizing the potential impact of increased harvest on the migratory segments. Increased 
enforcement on the NER would also be necessary due to the addition of the late-season hunt. 
 
Late Season Harvest Strategy 
The Late Season Harvest Strategy represents a broader, landscape scale approach to achieving 
the Phase I elk objective. A coordinated (i.e., NER, WGFD, GTNP, BTNF) late season hunt in Hunt 
Areas 75, 77–78, and 80 would occur. Approval would need to be obtained for extending, or 
moving, the current season in GTNP to allow later harvest. Lastly, the current December 1st 
closure to protect wintering ungulates in Hunt Area 80 on BTNF lands would need to be 
modified through an environmental review process to allow hunter access into that area. 
Currently the JEH could be reduced by approximately 1,000 animals before being below 
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objective (11,000 ± 10%). A WGFD Commission approved reduction in the JEH could be 
investigated if the efforts of this strategy did not result in reaching the NER Phase I elk 
objective. An increase in enforcement would be necessary if this strategy was implemented.  
 
Bison 
Alternative management actions for bison on the NER and adjacent areas included several 
developed for the NER wintering elk population objective in addition to those solely developed 
for bison (Table 6). Most of the actions identified were related to bison harvest in an effort to 
influence hunter access or success.  
 
Table 6. Bison population strategy table for identifying alternative management action 
strategies.  

  

Reference 
Case 

Hunter 
Harvest 

Alternative 
Reduction 

Actions 
Population management 

   No change X 
  

Improve late-season access to north 
end of NER for hunting and carcass 
retrieval 

 
X X 

Parking lot origination management 
 

X X 
Alternative reduction actions*   X 

Hazing 
   

No change 
   

Haze bison found south and east of 
Flat and Nowlin creeks  

X X 

Service-accompanied hunters  X X 
Habitat improvements 

   
No change X 

  
Fire management on NER and 
adjacent public land  

X X 

Water source improvements    
Private lands mitigation    

NER south-boundary improvement    
Public education/outreach (EO) 

   
No change X 

  
Increase education and outreach 

 
X X 

Monitoring 
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No change 
   

Enforcement 
   

No change 
   

Increase 
   

*Beyond the scope of this plan and may require NEPA review. 
 
Population management—Hunter harvest of bison since 2007 has led to an appreciable 
reduction in the population (Fig. 5). Further efforts to increase hunter harvest are intended to 
reduce the number of years necessary to reach the bison population objective. Most of the 
actions identified are related to increasing opportunity and success at the existing level of 
hunter numbers. The current number of hunters each year is believed to be a maximum 
number allowable while still providing a quality, and safe, hunting experience.   
 
Efforts to improve late-season access to the north end of the NER for hunting and carcass 
removal could facilitate increased harvest. Existing retrieval roads become impassable late in 
the hunting season due to snow, and can, for example, preclude hunters from using the West 
Parking Area or retrieving carcasses on the northern portion of the refuge. Keeping these roads 
open may be difficult in heavy snow years, requiring a bulldozer in some situations. 
Alternatively, over-the-snow vehicles could be considered for carcass retrieval on existing 
refuge roads. Hunter access easements across private lands on the northeast corner of the NER 
will be explored as another means of providing access to that portion of the refuge for hunting 
and carcass retrieval. 
 
Hunters must originate from a designated parking area for hunting bison on the NER. All but 
one designated parking area are within the NER. Access to the northwest portion of the NER is 
via a parking area within and managed by GTNP in collaboration with the NER. Accessing the 
refuge for hunting from BTNF lands along the eastern boundary of the NER was historically not 
allowed. The refuge will continue to manage hunter distribution using parking-lot origination in 
an effort to encourage bison to move onto, and remain, on the refuge. Hunters with a NER 
permit will also be allowed to access the refuge from adjacent BTNF lands.   
 
Continuous review of population management actions implemented for reaching the bison 
population objective will be undertaken during the life of this plan. If management actions 
outlined in this plan prove ineffective for reaching the objective, other actions that fall outside 
the scope of this plan may be considered, e.g., agency cull, herd-wide fertility control. Such 
actions may require evaluation as per the NEPA.  
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Culling of bison is currently not used as a population management action. Including an agency 
bison cull as a potential population management action in this plan does not imply agency 
approval at this time and would only receive further consideration upon meeting several 
criteria. Consideration of an agency cull would include meeting National Environmental Policy 
Act (NEPA) requirements. WGFD policy prevents elk hunting past January 31st to minimize 
hunter exposure to Brucella abortus (the bacteria that causes brucellosis). This policy is specific 
to elk at this time, but the same concerns exist for late-season bison harvest. Between February 
1st–15th WGFD personnel can harvest animals and the animals can be donated; animals killed 
after February 15th must be disposed of in a landfill.  
 
Herd-wide fertility control of bison was considered and rejected in the BEMP. A review of 
fertility control in wildlife, current at the time of approval of the BEMP, can be found in 
Appendix B of the final Environmental Impact Statement (EIS) (USFWS and USNPS 2007b). Need 
to gather more details on the current state of knowledge for this technique – would it be 
possible to have the WGFD vet draft a few sentences, with current citations, for this purpose? 
Seems like this would have to occur on the feedline to be efficient and effective, which would 
trigger NEPA. Bison primarily occur on federal lands, so proposed implementation of this action 
would necessitate following NEPA requirements.  
 
Hazing—Reduction, or elimination, of winter feeding will likely result in bison having a broader 
winter distribution in Jackson Hole. This could lead to more frequent use of the Nowlin unit by 
bison; the Nowlin unit is where commercial sleigh rides are conducted. Moreover, increased 
bison use of the southern portion of the NER beyond the Nowlin unit increases the potential for 
bison to enter the town of Jackson. For public safety and to minimize conflict in the Nowlin unit, 
bison will be hazed north if found south of a boundary starting at the Twin Creek Subdivision, 
west along Elk Refuge Road to Nowlin Gate, north and west along Hunter Retrieval Road 22 (an 
administrative road), north along Hunter Retrieval Road 22 to the Refuge Barns, west along 
Nowlin Creek to the confluence of Flat Creek, and north along Flat Creek to the northern 
boundary of the Jackson National Fish Hatchery.  
 
Service-accompanied hunters in NER management units south of the bison hazing line defined 
above could be used to haze bison north of the hazing line.  
 
Habitat improvements—Fire management on NER and adjacent public land to increase 
attractiveness for bison would be the same as described above for elk (pg X). The objective, 
however, differs in that the purpose of attracting and holding bison on the refuge would be 
primarily to increase susceptibility of bison to harvest.  
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Water sources on the east side of the NER would be modified to increase flow rates, improve 
bison access to water, encourage bison use and potentially increase early season 
harvest.  Existing springs known as waterhole 2 and waterhole 3 currently have defunct bore 
hole pipes with limited water flows.  These would be repaired or replaced to ensure late 
summer water flow and encourage bison use at these locations. 

Private lands mitigation—Bison primarily occur on public lands (i.e., NER, GTNP, and Bridger-
Teton National Forest), and when they do occur on private lands WGFD has the authority to 
haze or lethally remove bison for safety or private lands damage concerns (WGFC regulations, 
chapter 56). There is the potential for increased private lands conflict if winter feeding is 
reduced or eliminated on NER. For example, bison may move further south when feeding does 
not occur, increasing the potential for bison in Jackson. To reduce the likelihood of bison 
moving from the Refuge into Jackson, a double cattle guard will be installed on Elk Refuge Road 
at the boundary with East Broadway and at the gate where the town accesses the municipal 
water wells.  
 
Public education/outreach—Public education and outreach for bison management will be 
integrated into EO provided for elk management (see pg. X). There are important differences 
between bison and elk biology and management that will be articulated. The bison population 
objective differs from the elk objective, with the former based primarily on maintaining genetic 
heterozygosity while minimizing conflict (USFWS and USNPS 2007a). Bison winter feeding is 
conducted primarily to eliminate conflict with elk on feedgrounds, which is fundamentally 
different than the objective for feeding elk to sustain the JEH through winter with minimal 
mortality. Winter feeding of bison precludes other conflicts that would occur if bison were 
more broadly distributed within Jackson Hole, e.g., bison in the town of Jackson and the 
associated public safety conflict. As winter feeding is reduced, or eliminated, efforts will be 
made to manage potential increased conflict, but public acceptance of increased conflict will be 
necessary. There are important biological differences between bison and elk that will be 
highlighted. For example, during 2007–2013 the JBH had greater than twice the ratio of calves 
to females in winter compared to elk of the JEH (0.47 [SD = 0.05] for bison and 0.22 [SD = 0.03] 
for elk; WGFD, unpubl. data). During the six-year period taken to complete the BEMP the bison 
population grew exponentially, increasing from 627 animals in 2002 to 1059 in 2007 (Fig. 5; 
WGFD, unpubl. data). Management challenges can also differ between bison and elk. Bison 
female-calf groups spend much of the year in GTNP, where no harvest is permitted, and move 
to the Refuge as winter conditions reduce forage availability in GTNP. Female-calf groups 
largely do not use BTNF lands adjacent to the NER or GTNP, which constrains population 
management using hunter harvest to a relatively limited area on the NER. This can lead to 
dense concentrations of animals and hunters on the NER, which can result in hunter conflict.  
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Increased EO to state agencies, e.g. the Department of Agriculture and state veterinarian, will 
be included as part of this action. The range of bison will likely expand as feeding is 
reduced/eliminated, potentially leading to more conflict on private agricultural and developed 
lands. 
 
Monitoring— Draft once strategies are finalized. 
 
Enforcement— Draft once strategies are finalized. 
 
Constraints 
Constraints unique to bison management were largely related to disease transmission concerns 
and related policy (Table 7). For example, it is not currently possible to move bison out of the 
county, nor are bison currently allowed in the Gros Ventre near WGFD feedgrounds. Several 
identified alternative actions, fertility control and test and slaughter, were considered and 
rejected in the 2007 Environmental Impact Assessment (EIS) for the Bison and Elk Management 
Plan. The 2007 EIS similarly limits tribal harvest of bison. Moreover, there is uncertainty if an 
effective bison fertility control exists, which is a technological constraint. What constraints 
from the NER wintering elk constraints table should be carried over to the bison constraints 
table? 
 
Table 7. Management constraints identified for the bison population objective. 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Cumbersome hunt regulations 
Hunter access (especially from north of the NER) 
Easement limitation (NER boundary) 
Current restriction on moving bison out of county 

Social constraints 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Vendor numbers (are there enough for bison removals?) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts (fire) 
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Fencing/wildlife conflicts 
Grizzly bear conflicts (potential) 

Funding constraints 
Easements 
Fencing 
Fertility control 

Technological constraints 
Fertility control 

 
Note/reminder from initial fall meeting Nov. 2012: “Three-pronged approach” 1) how to use 
hunters to reduce #s, 2) how to get more on native, 3) explicit metric for winter mortality that is 
acceptable.  
 
Include a paragraph or two that describes 1) how phases are related to each other, 2) when we 
will claim we’ve been successful in Phase I, 3) how Phase II will be implemented (i.e., stepwise 
or all at once after success with Phase I, 4) whether meeting bison and elk objectives 
simultaneously will be necessary to begin implementing Phase II.  
 
Include a summary of the actions in this plan that tier off of the BEMP vs. those that would 
trigger NEPA. This would include defining strategies succinctly and the threshold that would 
trigger NEPA. In this way we can move forward with actions that step down from the BEMP 
and have a trigger for initiating NEPA if, and only if, necessary.   

1) Removed ‘Grand Teton NP harvest’ from the bison alternatives table because it was not 
in the BEMP and would therefore trigger NEPA and an act of Congress would be 
necessary (for a hunt, not a cull). A bison cull in GTNP would still trigger NEPA. Included 
agency cull (see below).  

2) Test and slaughter for bison was reviewed and rejected in the BEMP – many reasons to 
not do it.  

3) An agency bison cull would trigger NEPA 
4) Herd-wide fertility control in bison would similarly trigger NEPA 
5) Elk fertility control in GTNP south? This is currently an action in an elk strategy that 

would trigger NEPA, yet we haven’t excluded it from the main plan, simply stated it 
would need NEPA. 

      
 
Influence diagram rules –  

1) Bolded polygons and arrows represent NER specific outcomes, influences, factors, and 
measurable attributes. 
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2) Rectangles represent ongoing management actions that influence the outcome of 
interest, bison and elk fed days on the NER  

3) Hexagon is an outcome (which are also an influence/factor) 
4) Dashed rectangle represents a measureable attribute with a defined threshold to trigger 

a management decision to implement an action. 
5) Rounded rectangles represent objectives measured with uncertainty 
6) Factors that influence the outcome. Unpredictable, unmeasured, or both, i.e., beyond 

our control or ability to influence effectively. 
 

Influence Diagram Narratives—If survival and distribution are related to EFD & BFD – assume 
that reductions in EFD & BFD are not due to significant reduction in populations but instead the 
need to change elk and bison behavior and distribution.  
 
First influence diagram – defines bison and elk fed days, and winter distribution, as outcomes. 
Each of these outcomes is defined in the BEMP; the phase 1 objective for BFD and EFD are 
based on feeding 500 and 5,000 bison and elk, respectively, for an average length of time (see 
above). The phase 2 objective is to minimize BFD and EFD, up to and including no feeding, while 
supporting JBH and JEH objectives. Winter distribution of the JEH to support the current 
population objective (11,000 elk ± 10%) is defined in the BEMP (table X, above), including 5,000 
elk wintering on the NER. 
 
Ultimate question – how many elk can the refuge support while concurrently minimizing calf 
survival and winter feeding? That is the primary uncertainty and what we need to determine.  
 
Second influence diagram – includes a third outcome not explicitly defined in the BEMP but 
identified during the development of this plan.   
 
Note to include – triggers for start and end of winter feeding are 1) available standing forage 
on NER key index sites, and 2) snow cover on transitional areas, respectively. The latter could 
be quantified using fixed photo points to estimate percent bare ground at important 
transitional areas (e.g., Kelly hayfields).  
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From: Consolo-Murphy, Susan (Sue)
To: Steve Kallin
Subject: Re: Preparation Materials for Next AMP Meeting; June 3, 2015, 12:30 PM
Date: Thursday, July 09, 2015 12:14:08 PM
Attachments: NER_draft_Adaptive Mgmt Plan first draft 2015.scm comments.docx

Hi Steve,

Later than intended, I am attaching some comments to the previous draft AMP. 
Based on our meeting, I know it likely has already changed a lot since then so
these may be less relevant, but will share in case any are.  I did not copy the
entire team, not knowing whether another draft is forthcoming soon.

I look forward to the next meeting, which I guess I'll solo as Sarah missed
holding the date and had arranged to be out of the park.  Thanks for the
opportunity to participate and review drafts.

Sue

Sue Consolo-Murphy
Chief, Science & Resource Management
Grand Teton NP & the John D. Rockefeller, Jr. Memorial Parkway
P.O. Drawer 170
Moose, WY  83012
(307) 739-3481 (w)
(307) 690-8005 (c)
Sue_Consolo-murphy@nps.gov

On Tue, May 26, 2015 at 1:46 PM, Steve Kallin <steve_kallin@fws.gov> wrote:

Hi All:

 

The attached information is provided to help the AMP Team be as efficient and productive
as possible during the next meeting.  The goal of this meeting is to complete focused
discussion on key topics so a more complete AMP can be drafted.    

 

Attached are three documents to help you prepare for the upcoming AMP meeting.

 

1.       NER_AMP_meeting_agenda_6_3_2015.  Please refer to topics in the agenda as you
review the Draft AMP.  These topics will receive focused discussion.   

2.       NER_draft_AMP_26_May_2015. This is a very rough draft of the AMP.  Please focus



on pages 1-21; all following pages are a compilation of notes and discussions from previous
meetings.

3.       DRAFT AMP Completion and Implementation Schedule 5-26-2015.  Please review
this draft schedule and be ready  to provide your thoughts concerning plan completion and
implantation timing.

 

Thanks again for the important contributions you have and are making to this AMP process. 

 

Look forward to seeing next Wednesday,

 

Steve Kallin

Project Leader

National Elk Refuge

PO Box 510

675 East Broadway

Jackson, WY 83001

Phone: (307) 201-5409

Fax: (307) 733-9729

steve_kallin@fws.gov
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INTRODUCTION 
 
Winter feeding of elk in Jackson Hole began in 1910 and was originally initiated to reduce 
winter mortality of elk and minimize depredation of ranchers’ hay. Today, the need for winter 
feeding of elk on the National Elk Refuge (NER) is a direct result of reduced access to significant 
parts of elk native winter range, loss of historic migration patterns, behavioral conditioning of 
elk to winter feeding, and the desire to maintain a population objective established in the 
context of supplemental feeding. Litigation in 1998 prompted cessation of bison hunting on 
NER due to insufficient environmental analysis.  As a result, a six nine year planning effort was 
undertaken to address a suite of issues associated with inter-agency bison and elk management 
in the Jackson Hole area, culminating in 2007 with the Bison and Elk Management Plan (BEMP; 
USFWS 2007a, http://www.fws.gov/bisonandelkplan).    
 
 
The BEMP considered six alternatives for bison and elk management focused on four broad 
goals: 1) sustaining native habitat; 2) promoting sustainable populations; 3) maintaining 
population sizes; and 4) preventing spread of disease.  The selected alternative proposed to 1) 
maintain the Jackson Elk Herd (JEH) at the Wyoming Game and Fish Department’s (WGFD) 
objective of about 11,000 (± 10%), 2) establish a bison population objective of 500, 3) restore 
habitat on the NER and in Grand Teton National Park (NP), 4) continue hunting of bison and elk 
on the NER, 5) continue the elk reduction program in Grand Teton NP, 6) continue to vaccinate 
elk for brucellosis, and 7) develop an adaptive management plan for decreasing the need for 
supplemental feeding on the NER. The latter need, as articulated in the Sustainable Populations 
goal of the BEMP, provides the nexus for this Adaptive Management (AM) plan.   
 
The Sustainable Populations BEMP goal is to ‘contribute to elk and bison populations that are 
healthy and…at reduced risk from the adverse effect of non-endemic diseases’. The goal 
comprises four objectives, including the development of an AM plan to reduce reliance of elk 
and bison to winter feeding on the NER following a two-phased approach (Fig. 1). The first 
phase sets initial population objectives of 5,000 elk on winter feed at the NER and 500 bison in 
the Jackson Bison Herd (JBH). The second phase calls for elk populations that are adaptively 
managed to ‘achieve desired conditions, with animals relying predominantly on native habitat 
and cultivated forage’ (BEMP; USFWS 2007a).  
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Figure 1. Relationship of Adaptive Management Plan to the Bison and Elk Management Plan 
(USFWS 2007a) goals, objectives, phases, and consideration criteria for reducing the reliance of 
elk and bison to supplemental feed. 
 
The first phase objective of 5,000 elk was based on predictions of the Forage Accounting Model 
of Hobbs et al. (2003). Simulations indicated that ‘in average SWE [snow-water equivalent] 
winters with average pre-winter precipitation and 500 bison, roughly 16,000 elk can find forage 
on the Greater Teton Ecosystem without incurring forage deficits and roughly 5,000 elk can find 
forage on the NER without incurring deficits.’ The combined probability of experiencing average 
pre-winter precipitation and average winter SWE in the Jackson Hole area is XX%, based on 
[what time series of climate data from what station] (need to use Hobbs’ data sources for 
this). Therefore, based on Forage Accounting Model predictions, 5,000 elk could winter without 
supplemental feed on the NER without incurring a forage deficit during X of 10 years on 
average. To achieve the objective of wintering elk relying ‘predominantly on native habitat and 
cultivated forage’, e.g., feeding occurring less than five of 10 winters, elk would incur a forage 
deficit X of 10 years on average. It is important to note that elk use stored energy reserves 
during winter, so incurring a forage deficit does not imply an immediate threat (Hobbs 1989, 
Cook 2002). 
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The second phase desired conditions on the NER relate to six considerations (i.e., criteria) as 
management action triggers for ‘progressively transitioning from intensive supplemental winter 
feeding to greater reliance on free-standing forage’ (BEMP; USFWS 2007a). These criteria are: 
1) Level of forage production and availability on the National Elk Refuge, 2) Desired herd sizes 
and ratios, 3) Effective mitigation of bison-elk-cattle mingling (hereafter ‘comingling’) on private 
lands, 4) Winter distribution patterns of elk and bison, 5) Prevalence of brucellosis, chronic 
wasting disease, and other wildlife diseases, and 6) Public support. Explicit values that can be 
used as management triggers were defined in the BEMP for several, but not all, of the criteria. 
Forage production on irrigated areas of the NER, desired herd sizes and ratios, and winter 
distribution of elk and bison each have numerical objectives that can be used to trigger 
management actions based on assessment of those criteria. Conversely, co-mingling mitigation, 
disease mitigation, and public support lack numerical objectives that would facilitate creating 
triggers for management. 
 
Two of the four criteria with explicit numerical objectives defined in the BEMP are currently 
being met. The NER is meeting or exceeding forage production objectives, and the JEH is within 
population objective. Current harvest rates have been successful in incrementally reducing the 
Jackson bBison hHerd, making achievement of that objective likely given current management 
strategies. However, winter distribution of the JEH is not at objective, and distributional trends 
have resulted in being farther from the objective now than at the completion of the BEMP. A 
greater proportion of the JEH currently winter on the NER than when the BEMP planning 
process began in 2000.  
 
Elk winter distribution 
Winter distribution is inseparable from either bison-elk-cattle mingling or disease prevalence 
criteria, with feeding ameliorating the former and exacerbating the latter. Winter feeding 
minimizes co-mingling issues by concentrating elk and bison on publicly managed feedgrounds, 
minimizing the number of elk and bison on private lands adjacent to the NER. Conversely, 
concentrating elk on feedgrounds results in higher rates of endemic disease transmission 
(Murie 1951, Franson and Smith 1988, Samuel et al. 1991, Herriges et al. 1992, Smith and Roffe 
1997), greater potential for amplification of prevalence of non-endemic diseases (e.g., chronic 
wasting disease [CWD]; Williams et al. 2002, Miller et al. 2004, Monello et al. 2014), and creates 
relatively unique disease issues for wild ungulates such as hoof rot (USFWS unpubl. data).  
 
Management actions intended to distribute wintering bison and elk to meet BEMP objectives 
may initially result in an increase in private lands conflicts. Bison-elk-cattle mingling will 
increase as bison and elk disperse from the NER looking for alternative forage resources. 
Similarly, dispersing bison and elk may end up in residential areas or on/near public roadways.  
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Effective mitigation of co-mingling will take a suite of tools (e.g., private lands easements, 
fencing, hazing) to be employed throughout the life of this plan. WGFD currently monitors 
wildlife damage claim reports for the Jackson Region; this information provides an important 
baseline and metric for quantifying potential increases in private lands conflicts moving 
forward. 
 
The efficacy of reducing disease threat by achieving elk winter distribution objectives is disease-
specific and varies due to the scale and time dependence of elk density on the NER versus 
native winter range.  Assuming 7,500 wintering elk on the NER, estimated elk density is 77 elk 
per km2 for the entire refuge,  370 elk per km2 for the 5,000 acre supplemental feeding area, 
and 4,630 elk per km2 for the 400 acre area on which elk are fed within any given day (USFWS, 
unpubl. data). For comparison, cow elk had a 0.08 (95% BCI=0.05, 0.12) annual incidence of 
CWD at an estimated 15-110 elk km-2 on native winter range in Rocky Mountain NP.  We 
anticipate lower average elk densities in the JEH associated with AM plan implementation 
resulting from decreased elk use of feedgrounds and increased use of native winter range, but 
predicting the magnitude of disease transmission and prevalence reduction resulting from this 
change in elk distribution is difficult and disease-specific.   
 
Supplemental feeding is a primary driver of the proportion of the JEH that winter on the NER. 
However, other factors such as weather, forage availability, predators, hunting, and migratory 
behavior also influence this metric (Fig. 2). At the completion of the BEMP it was believed that 
achieving the JEH population objective would be the primary means to reaching the phase 1 
objective of 5,000 elk wintering on the NER. However, the proportion of the JEH that winter on 
the NER has increased, not decreased, since completion of the BEMP and achievement of the 
JEH population objective. The increase in the proportion of the JEH wintering on the NER also 
occurred concurrent with a relatively constant initiation criterion for winter feeding and high 
harvest pressure on the NER. It is therefore likely that factors other than winter feeding and 
harvest are contributing to the recent increase in the proportion of JEH elk wintering on the 
NER. 
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Figure 2. Influence diagram depicting factors (including management actions) influencing 
outcomes identified in the Bison and Elk Management Plan (BEMP; USFWS 2007a). Gray 
hexagons represent outcomes, rectangles represent management actions, rounded rectangles 
represent factors with numerical objectives, and ovals represent factors outside of 
management control. Bolded polygons and arrows represent outcomes and factors limited to 
the National Elk Refuge (NER). Available standing forage on the NER (dashed rectangle) is the 
BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
 
Several hypotheses have been posited for the observed increase in the proportion of the JEH 
currently wintering on the NER, including increased wolf presence on native range and an 
increasing segment of short-distance migratory elk in the JEH. Elk wintering on native range 
may have been displaced as the wolf population reintroduced into Yellowstone NP has 
increased in abundance and their range expandeddistribution. Most native winter range of the 
JEH is north of the NER and south of Yellowstone NP. As predation pressure increased on more 
northerly winter range, elk moving to areas of lower predation risk likely moved south and 
encountered feeding operations at the NER. If wolves are deterred by frequent presence of 
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agency personnel conducting feeding operations, feedgrounds may continue to attract elk due 
to lower predation risk than native range (citations; check Creel and Winnie 2005).  
 
The JEH comprises both short-distance and long-distance migratory elk segments. Short-
distance migratory (SDM) elk summer within 8–10 km west and northwest of the NER, winter 
predominantly on the NER, and migrate relatively late to winter range relative to long-distance 
migratory (LDM) elk (Cole et al. 2015). From 1978 to 2012 the proportion of the JEH comprising 
SDM elk increased from ≈1% to 41%, with the increase correlated with greater calf:cow ratios in 
SDM elk segments than LDM elk segments (Cole et al. 2015). The proportion of SDM elk in the 
JEH has simultaneously increased with the increasing proportion of the JEH that winter on the 
NER, leading to the hypothesis that the recent increase in the proportion of the JEH on the NER 
during winter is largely attributable to growth of the SDM elk segment. 
 
The relationship between the observed increase in proportional winter use of the NER by 
wintering JEH elk and harvest pressure is less clear. “In recent years, hunting seasons have been 
designed to protect long-distance migratory (LDM) elk while increasing harvest of SDM elk. 
Since 2012, no limited quota any-elk licenses have been offered in the hunt areas that focused 
hunting pressure on LDM.  Hunter numbers since 2012 (2012–2014) averaged 2,985 hunters.  
Although hunting seasons and quotas have become more conservative for the areas where 
LDM are more vulnerable, the hunt units for the SDM have been liberalized through the 
addition of license types and extending season lengths to the end of January (Hunt Area 78)” 
(Cole et al 2015).  Despite these efforts to modify harvest pressure, the proportion of the JEH 
wintering in NER has increased significantly since 2000.  
 
Elk calf winter survival and forage deficits 
Elk calves are disproportionately susceptible to winter mortality compared to older elk age 
classes (citations), although factors that influence calf survival are not unique to this age class 
(Fig. 3).  Calves have lower body fat reserves than adults at winter onset, which makes them 
more susceptible to limited forage supplies and starvation-related mortality.  Lower surface 
area to volume ratio associated with smaller body size also facilitates heat loss and necessitates 
greater energy expenditures to maintain body temperature relative to adults.  Inexperience can 
make elk calves more susceptible to predation by wolves and mountain lions.  Weakened 
condition associated with nutritional stress can also increase susceptibility to predation, 
infectious diseases and parasitism (citations).   
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Figure 3. Influence diagram depicting factors (including management actions) influencing bison 
and elk fed days on the National Elk Refuge (see text for description) and winter calf elk 
survival. Gray hexagons represent outcomes, rectangles represent management actions, 
rounded rectangles represent factors with numerical objectives, and ovals represent factors 
outside of management control. Bolded polygons and arrows represent outcomes and factors 
limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed 
rectangle) is the BEMP criteria with a defined threshold to trigger initiation of supplemental 
winter feeding. 
 
Winter survival of calf elk is higher in feedground areas than on native winter range (Smith and 
Anderson 1998, Hobbs et al. 2003). The local public has become accustomed to higher winter 
calf survival on the NER, and respond negatively during winters when survival is noticeably 
reduced (E. Cole, pers. comm.). While not explicitly defined as a desirable outcome in the 
BEMP, the Over-Winter Mortality Model of Hobbs et al. (2003) made predictions regarding elk 
mortality as a function of forage deficits.  For example, the model predicted 4% calf mortality 
during an average winter with JEH population of 6,000 and 42% calf mortality during a severe 
winter with 18,000 elk in the JEH. Conversely, adult cow mortality ranged from 1% to 25% in 
the same scenarios. Making adjustments to the criterion used to initiation winter feeding will 
therefore likely disproportionately affect calf survival, making it an important demographic rate 
to monitor to help minimize unacceptable declines in elk calf winter survival while progressively 
transitioning bison and elk from intensive supplemental feeding. Moreover, it provides a means 
of validating models from Hobbs et al. (2003), which was integral in development of the BEMP.  
 
Adaptive Management Plan Approach  
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The AM approach considers management as an ecological experiment, incorporating learning 
as part of management to reduce existing uncertainties regarding how the system responds to 
management actions (Macnab 1983, Walters 1986, Nichols and Williams 2006). Conflicting 
ideas of system dynamics can be formalized as competing models and tested through 
implementation of management actions designed as hypothesis tests (citation from AHM). 
Conversely, if a system is relatively well understood, the AM process may include a single model 
with management experiments intended to increase understanding of known primary system 
drivers. For example, winter feeding is believed to be a primary determinant of elk distribution 
in the Jackson Hole area, but considerable uncertainty exists regarding how elk behavior, and 
resultantly winter distribution, will respond to changes to winter feeding on the NER.  
 
This AM plan acknowledges conditions identified within the BEMP relevant to this plan that are 
already being met, i.e., forage production on the NER and JEH population, and does not address 
them further. Similarly, current bison harvest management is likely to achieve the bison 
population objective in the near future, and therefore is also not considered further.  The focus 
of this AM plan is altering the winter distribution of elk to minimize disease threat currently 
associated with winter feeding. This will result in progressively transitioning elk and bison from 
winter feed on the NER to being predominantly reliant on free-standing forage (USFWS 2007a). 
Considerable uncertainty exists regarding the timing of that transition, with conflicting 
objectives of minimizing bison-elk-cattle mingling on private lands, minimizing publicly 
unacceptable elk winter mortality events, and achieving winter distribution objectives to 
minimize threat of non-endemic diseases. 
 
AM Plan Scale  
 
Elk have been fed all but nine winters on the NER since 1912, and bison have been fed there 
since 1980.  As a result, elk and bison have been conditioned to seek supplemental food on the 
NER, even when natural forage may be available. Considerable uncertainty exists regarding how 
to modify this behavior on both temporal and spatial scales. Elk demonstrate high fidelity to 
winter range (Smith and Robbins 1994) and are relatively long-lived (Houston 1982). For 
example, based on current estimates of annual JEH cow elk survival, nearly 40% of individuals 
alive in a given winter would be alive five years later (Cole et al. 2015). This results in 
generational time scales necessary for implementation of management actions and monitoring 
of response to those actions. To account for the expected lag in behavioral response to changes 
in winter feeding it is believed that those changes need to occur during 3–6 year treatment 
blocks (i.e., conduct 3–6 years of winter feeding with the same initiation criteria). More 
immediate progress toward ‘progressively transitioning from intensive supplemental winter 
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feeding to greater reliance on free-standing forage’ will be quantified based on the number of 
elk-fed and bison-fed days (EFD and BFD; see description below).   

It is assumed individuals that have learned to rely on supplemental feed will be relatively 
tolerant of proposed changes to winter feeding. If this assumption is correct, changes to winter 
feeding will incrementally reduce the proportion of individuals in the JEH wintering on the NER 
by two primary mechanisms. First, an unknown proportion of adults will disperse from the NER 
in response to changes to winter feeding. This scenario provides the greatest potential for 
conflict as animals move off of the NER onto adjacent private lands in search of forage. Second, 
the proportion of individuals that learn to rely on winter feeding will be reduced. For example, 
shorter feed seasons will decrease the probability that calves will encounter, and learn to 
expect, winter feed on the NER. Over time this will lead to a greater percentage of elk utilizing 
native winter range instead of NER feedgrounds.  

This plan is implementing the wWinter dDistribution management strategy, which includes 
primary management actions that will occur both on and near the NER (e.g., NER winter 
feeding changes and private lands co-mingling mitigation). The spatial focus of individual 
actions will therefore vary from the NER, Grand Teton NP, Bridger-Teton National Forest (NF), 
and on non-federal lands in collaboration with land owners and WGFD.  
 
Management Actions 
 
Alternative management actions were identified during meetings held at the NER in 2013 and 
2014 with NER, Grand Teton NP, WGFD, and Bridger-Teton NF representatives. Actions were 
grouped into management strategies, i.e., collections of actions that form complete and 
comparable alternatives (Gregory et al. 2012). A summary of management actions and 
strategies is provided in Appendix I. 
 
A diverse suite of potential management actions were considered and three primary strategies 
were created (Appendix I). The Winter Distribution strategy was selected for implementation 
within an AM framework because it was most consistent with the intent of the BEMP and the 
emphasis on winter feeding as a driver of winter elk distribution. This includes 1) alteration to 
the winter feeding initiation criteria, 2) continuation of late-season elk and bison hunts on NER, 
3) increased private lands work to mitigate co-mingling, and 4) increased public outreach. 
 
Winter feeding criteria— 
Current feeding initiation criteria are based on monitoring available forage at key index sites. 
When average available forage declines below 300 lbs. per acre at key index sites, biologists 
have recommended to NER and WGFD managers that feeding should be initiated.  Key index 
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sites are not randomly selected, but instead represent areas with the highest quality forage, 
which are heavily used by elk.  Future monitoring will include key index sites to facilitate 
comparison with past data collection, but will add additional spatially-balanced random sites 
stratified by plant community type to sample available forage in an unbiased manner.   The 
feeding initiation threshold will be changed from 300 lbs. per acre to 150 lbs. per acre.  We 
estimate that this will result in an average delay of X days in supplemental feeding initiation 
date at current NER elk and bison population levels.  
 
Current feeding termination criteria are subjective.  Typically the last day of supplemental 
feeding occurs within one week of the first day that snow pack reaches zero at the NER 
Headquarters snow monitoring site.  Monitoring will be enhanced to better quantify feeding 
cessation date including the use of photo points to quantify percent snow versus bare ground 
on NER and southern GTNP, but average feeding cessation date will remain unchanged in the 
implementation of the AM plan. 
 
Late-season elk and bison hunts— 
Brief paragraph on current late season hunt management and any changes that may occur. I 
thought there wasn’t much more that could be done on this front, so above stated there 
wouldn’t be meaningful changes – if that is not the case need to correct that.   
 
Private lands co-mingling mitigation— 
Brief paragraph on proposed efforts to mitigate co-mingling – may be some text below useful 
for this. We need to make sure the co-mingling mitigation tools are articulated and 
implementable; this can be started as soon as possible so that when we start adjusting feeding 
to change elk distribution we are a bit ahead of the game.  
  
 
Public outreach— 
Brief paragraph on proposed PO efforts – may be some text below useful for this. Should also 
include the public conflict monitoring as our means to track this (same for private lands 
mitigation?). 
 
OBJECTIVES 
 
This adaptive management plan is a step down plan of the Bison and Elk Management Plan 
(USFWS 2007a), utilizing National Environmental Protection Act (NEPA) approved objectives 
from the BEMP. BEMP objectives relevant to this plan are:  
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“By year one, develop a structured framework, in collaboration with the Wyoming Game 
and Fish Department, of adaptive management criteria and actions for transitioning 
from intensive supplemental winter feeding of bison and elk herds to greater reliance on 
natural forage on the refuge. Establish objective criteria for when supplemental feeding 
will begin and end in years when needed on the refuge.” 
 
“Implement a phased approach to reducing the number of animals on feed while 
achieving the state’s population objectives. The first phase objective will be to reduce the 
number of elk on feed on the National Elk Refuge to approximately 5,000 and achieve a 
target population of approximately 500 bison. The second phase objective will be to 
adaptively manage bison and elk populations to achieve desired conditions, with animals 
relying predominantly on available native habitat (on refuge, park, and forest lands) and 
cultivated forage (on the refuge).”  

 
The adaptive management process provides a framework for learning from management 
outcomes, i.e., learning is an objective of implementing adaptive management (DOI AM 
citation?). Therefore, the AM plan has additional objectives for increasing understanding of the 
relationship 1) between the timing of winter feeding initiation and elk winter distribution, and 
2) calf winter survival and per capita available forage at initiation of winter feeding. The latter 
provides an indirect validation of the Hobbs et al. (2003) models and simulations that provided 
initial estimates of the number of elk the NER could support during winter without incurring 
forage deficits.   
 
MODELS OF SYSTEM DYNAMICS 
 
Population of Interest 
A succinct and precise definition of the populations of interest is essential for developing 
models of system dynamics and appropriate monitoring, and determining if objectives are 
being met. Bison and elk populations of interest differ slightly in definition as stated in the 
BEMP objectives. The bison objective is for the post-hunt population within the Jackson Hole 
area (the Jackson Bison Herd [JBH]), inclusive of the NER. Conversely, the elk population 
objective for the NER is specific to the number of animals on feed at the refuge, and is a sub-
objective within the broader Jackson Elk Herd (JEH) (Fig. 4) post-hunt objective set by the 
Wyoming Game and Fish Commission (a governor-appointed policy-making board). Elk herd 
unit boundaries are determined by the WGFD and represent population boundaries where 
there is an estimated annual interchange with surrounding herds of <10% (Emmerich et al. 
2007).  Approximately 65% of the JEH winters on the NER based on February classification 
counts (see below for definition of classification counts; USFWS & WGFD unpubl. data). The 
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Jackson bison herd primarily winters on the NER (~90%), but range much further during the rest 
of the year (USFWS & WGFD unpubl. data) (Fig. 4).  
 
Determining if the BEMP population objectives are being met requires periodic estimates of the 
populations of interest. There are two components to the population objectives that need to be 
considered — where animals are and when they are there.  The BEMP bison population 
objective is the same for the JBH as it is for the NER, i.e., there is not a sub-objective specific to 
the NER as there is for elk. Moreover, the bison population objective is less temporally specific 
than that for elk, the former being an annual post-hunt population objective and the latter 
being defined based on the number of animals on feed. This aspect of the elk objective 
increases the difficulty in estimating the population of interest due to movements of animals 
into and out of feedgrounds during winter feeding. More importantly, the amount of time elk 
are on feed varies among years.   
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Figure 4. Jackson Elk Herd unit boundary, including the National Elk Refuge and Grand Teton 
and Yellowstone National Parks. INCLUDE BISON RANGE IN THIS FIGURE. Commented [scm45]: Add JODR parkway title in place 

between the two other parks 
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While not explicitly stated, the BEMP assumes annual classification counts would be used to 
determine if population objectives were being met, i.e., as a proxy for the number of elk on 
feed at the NER. Classification counts are a coordinated census of the JBH and JEH, 
collaboratively undertaken during early February by WGFD and the NER. These counts are 
undertaken during a single survey period and do not necessarily represent either peak or 
cumulative abundance (i.e., the greatest number of animals present on a single day during a 
winter, or the sum total of animals present throughout a winter, respectively) of bison or elk on 
feed. Elk and bison are enumerated by age and sex classes, providing population class structure 
information as well as overall abundance. A 5-10% difference typically exists between the 
classification count estimate and the daily number of elk on feed during peak abundance. Peak 
elk abundance on the NER during 2007–2013 occurred late February through the first week of 
March (USFWS unpublish. data) (Fig. 5). Proposed changes to winter feeding that would result 
in a later initiation of feeding could increase the difference between when the classification 
count is conducted and peak numbers of elk on feed. Proposed changes could also result in 
initiation of feeding on the NER after the classification count has been completed in some 
years. Lastly, the classification count may be replaced in the near future by survey (i.e., not a 
census) methodology used elsewhere in the state by WGFD for estimating elk abundance. The 
new survey methodology may not provide suitable NER-specific estimates of elk abundance for 
determining if NER population objectives are being met.  
 
Beyond logistical or methodological considerations, a single elk population estimate in time 
would not adequately capture the dynamic nature of elk abundance in relation to winter 
feeding on the NER. For example, 5000 elk on winter feed (the current BEMP Phase 1 objective) 
for three months would likely have a greater impact on NER habitats than 5000 elk on feed for 
a single month. The BEMP Phase 1 elk population objective is not defined by time, leaving it 
open for interpretation whether the objective was intended as a mean number of animals fed 
during a winter, a maximum number fed, or a cumulative number fed. To address this issue 
while staying within the implied intent of the BEMP, we chose elk-fed days (EFD; the cumulative 
number of elk fed during a feeding season) for determining if the elk population objective is 
being met. This number combines both the spatial and temporal aspect of animals on the NER, 
providing better accounting of potential effects than a single classification count. It is also 
believed that this is more consistent with winter carrying-capacity projections estimated in 
Hobbs et al. (2003). The Phase I objective of 5000 elk on feed is defined relative to elk-fed days 
as  
 

𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑑𝑑 ∗ 5000 elk, 
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where d is the mean number of days of feeding from 1995–2007 (64 days [SD = 22]). This time 
span was selected to maintain consistency with the data used in developing the BEMP. The 
benchmark historical value is then 320,000 EFD. Bison-fed days (BFD) can similarly be calculated 
as 31,500 BFD for bison using d = 63 days (SD = 22) and the bison population objective of 500 
animals. This latter value provides an important historical perspective on winter feeding of 
bison and can assist in determining efficacy of management actions toward accomplishing the 
bison objective; post-hunt bison abundance will be the definitive number used for determining 
if the bison population objective is being met.   

 
Figure 5. Mean daily elk abundance on the National Elk Refuge during winter feeding, 2007–
2013. Data are from feedline counts for calendar dates where feeding occurred during all 
years, i.e., February 12th (calendar date 43) through March 21st (calendar date 80). Counts 
were conducted from feeding equipment.   
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Models 
Models provide a simplified representation of the biological system being managed.  
Adaptive management uses models of the managed system to link the objective response (e.g., 
elk winter distribution) to changes in the system resulting from management actions (e.g., 
altered initiation of winter feeding).  
 
Paragraph on sources of error if needed? Should include process error in calf survival model. 
 
Elk winter distribution model 
The proportion of the JEH that winter on the NER will be linked to factors hypothesized to 
influence elk winter distribution (Fig. 2) using a generalized linear mixed effects model (GLMM). 
A GLMM can account for a proportional response variable (i.e., constrained to the interval 0–1) 
using a log link and binomially-distributed errors. A GLMM also includes fixed and random 
effects, with the latter capturing residual model variance otherwise not explained by fixed 
effects. Year will be including as a random effect, providing several benefits. First, we don’t 
assume years are independent and comprise all of the factor levels of interest. Instead, the 
effect of year is treated as a random variable, with individual year effects realizations of that 
distribution. This allows inference to non-sampled factor levels, i.e. years, by estimating a latent 
population-level proportion of elk expected to winter on the NER regardless of fixed effect 
influences. Thus, the random year effect can be considered a latent variable describing elk 
behavior manifested as observed winter distribution. Second, because year effects are not 
treated as independent, estimated effects of year on the proportion of JEH elk wintering on the 
NER are dependent on all factor levels, leading to greater precision when estimating individual 
year effects (Kéry 2010).  
 
The full GLMM incorporating fixed effects for each factor identified as influencing elk winter 
distribution (Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐸𝐸𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝐸𝐸𝑆𝑆𝑡𝑡 + 𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝐸𝐸𝑡𝑡 + 𝜀𝜀𝑡𝑡 
 
where the random intercept and residual model variance are 
 

𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0
2 ), and 

 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
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Fixed effects include 1) per capita available forage at initiation of winter feeding (AFI) , 2) 
proportion of the JEH that are short-distance migrants (SDM), 3) number of wolf packs present 
on JEH native winter range (WP), 4) growing season (May–August) precipitation for the 
Wyoming Snake Drainage climate division (GSP; a proxy for available forage on native winter 
range), and 5) snow water equivalent on 1 January at Thumb Divide (SWE; a proxy for early 
winter severity).  
 
Elk calf winter survival and forage deficits 
The Forage Accounting Model of Hobbs et al. (2003) has as an output weekly available forage 
biomass for the NER (sum of predictions for 30 × 30 m cells). These predictions account for 
snow conditions using a proxy of SWE and decrement total available biomass by 35% to account 
for unpalatable plants within the total estimate.  
 
While calf survival is a function of multiple factors (Fig. 3), the primary management action 
influencing calf survival is supplemental winter feeding. Current winter feeding initiation 
criteria lead to calf survival generally higher than in unfed populations. Proposed feeding 
initiation criteria will result in later initiation of supplemental feed, which will be most 
influential to calf survival. There is currently little understanding regarding the relationship 
between initiation of winter feeding and calf survival, except that current feeding initiation 
criteria result in high calf survival. We believe a threshold level of available forage at initiation 
of winter feeding exists such that winter calf survival reaches an asymptote. Below this 
threshold, calf survival is hypothesized to decline quickly with reductions in available forage at 
winter feeding initiation. Available forage at the initiation of winter feeding will be related to on 
elk calf winter survival using a saturating function (i.e., Holling type-II functional response; Fig. 
6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐸𝐸𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐸𝐸𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf survival is related to available forage. Maximum 
calf survival is a, and b represents the value of available forage to an individual when survival is 
50% of a (Hilborn and Mangel 1997).  
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Figure 6. Hypothesized relationship between winter survival of elk calves and per capita 
available forage at initiation of winter feeding on the National Elk Refuge.  
 
Although this approach doesn’t capture forage deficits per se, it does provide a potentially 
sensitive proxy for this concept. It is assumed that a forage deficit for calves would occur at a 
point on the curve of the relationship between calf survival and available forage at initiation of 
supplemental feeding. Modeling the response of winter calf elk survival to changes in feeding 
initiation criteria facilitates our ability to maximize the influence of feeding initiation criteria on 
winter distribution while minimizing the likelihood of a large mortality event.   
 
MONITORING 
 
Feeding Initiation Monitoring:   Using existing ocular estimate methods with 10 sub samples 
per monitoring sites to determine average available forage (lbs. per acre).  Additional observers 
will be added to train people other than Eric Cole on methods and develop error estimates. 
Additional monitoring sites will be added to increase sample size, increase precision of 
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estimated available forage, and represent the entire south end of NER stratified by plant 
community type.  Sampling will be weekly starting in late December and continuing until 
feeding is initiated (or perhaps for some time after feeding is initiated).  The Hobbs forage 
accounting model will be run concurrent with field data collection, and field data will be used 
for model validation.  Developing a relationship between field measurements and Hobbs model 
methods might lead to reliance on modeling techniques rather than field data collection to 
estimate available forage in future years. 
 
Proportion of Elk Wintering on NER: NER and WGFD annual elk classification count trend data 
will typically collected in February each year will continue to be the way that we measure the 
proportion of elk wintering on NER relative to the rest of the JEH. 
 
EFD and BFD: I assume derived from daily feedground estimates for each species cumulatively 
added across the number of days fed.  Alternatively average of daily animals on feed multiplied 
by the total number of days.  Alternatively classification count data for NER multiplied by total 
number of days fed.   Precision of daily elk and bison estimates could be improved by using 
multiple observers several times per year or possibly conducting classification count like counts 
multiple times per year where only totals were obtained.  
 
Elk Winter Mortality Monitoring: Current census of all elk winter mortalities on NER will 
continue (comparable data collection back to 1981).  Calf mortality is key variable of interest, 
but total, calf, adult cow, mature bull, and spike bull age class mortality will continue to be 
monitored as well.  Potential criticism is that if we anticipate movement of elk off NER as a 
result of changes to the feed program but only monitor elk mortality on NER, then we are not 
accounting for the effects of management actions on elk mortality.  Costs are minmal and 
associated with in kind NER staff levels unless sampling were to be expanded off NER in which 
case costs would increase. 
 
Elk Collaring: 30-40 adult cow elk will be collared on NER feedgrounds during February-March 
2016.  Elk will be collared with Telonics Irridium GPS collars.  Approximate costs per collar 
including drop off mechanism and Iridium subscription $2,600 per collar. We will likely forgo 
VHF beacons on collars to avoid red tape associated with frequncey approval and extend collar 
life.  Anticipated collar life 2-3 years. Approximately 10 additional elk per year in subsequent 
years will be captured to maintain 30-40 elk in the sample.  GPS collar data will be used to: 
1)Determine the summer range proportions of elk that winter on NER. 2) Evaluate elk 
behavioral response to changes in the feeding program ie when and where do elk leave NER.  
3)Capture efforts will facilitate collection of important ancillary biological information 
(brucellosis seroprevalence, pregnancy rate, DNA samples, etc.) 
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Wolves: Given potential importance as a covariate, estimates of total wolf numbers and the 
total number of wolf packs in the JEH unit will continue to be important.  Jurisdiction of 
monitoring data remains in flux due to litigation. 
 
Disease: Given ‘healthy- elk goal. Continued CWD monitoring in the JEH is warranted.  Current 
baseline brucellosis seroprevelance for elk the winter in NER is needed.  This would be 
facilitated by large scale elk capture in 2016 to deploy GPS collars.  Costs to continue current 
level of CWD surveillance in the JEH is approximately $32,000 per year. 
 
Trumpeter Swans Using the Visitor Center Ponds: I view this as the linchpin to evaluating the 
success of our activities on the refuge.  The number of cattails in these ponds and their effect 
on Jackson Hole tourism is also keeping me awake at night.  Estimated annual cost for 
monitoring:  $222,000 
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Need to articulate that the primary issue to be addressed with this plan is how to alter elk 
behavior so that the desired winter distribution is achieved. Only once that is done can the 
questions regarding what number of elk the NER can support while achieving habitat 
objectives be visited. Already at JEH objective, and nearing JBH objective.  
 
The bison population objective of 500 animals post-hunting season was determined based 
largely on maintaining genetic heterozygosity while minimizing other conflicts (USFWS 2007a). 
Unlike the second phase elk objective, the bison objective is independent of additional criteria 
defined as desired conditions.  
 
 

APPENDIX I 
 
Development of Alternative Management Actions and Strategies 
Alternative management actions were identified during a meeting of stakeholders at the NER 
22 May 2013. Alternative actions, and constraints, were developed for the NER winter elk 
population and the JBH. A series of further meetings (25 July, 20 August, 12 September, 23 
October, and 13 November 2013, and 22 January, 24 February, and 7 April 2014) were held to 
create management strategies, i.e., collections of actions that form complete and comparable 
alternatives (Gregory et al. 2012).  
 
Reference case—It is helpful to identify a reference alternative that captures the recent and 
ongoing management actions that have led to the current state of the system for comparing 
with new alternatives that are developed. Ongoing management actions include winter feeding, 
irrigation, harvest, and hazing.  
 
Big game population objectives in Wyoming are evaluated and updated at least every five 
years. Objectives represent the preferred number of animals during winter within a herd unit 
(e.g., the Jackson Elk Herd) and are determined based upon multiple factors, including 1) 
available habitat to support the defined population, 2) hunting access, and 3) tolerance for 
wildlife on private lands by landowners (Tassell et al. 1995). Public input on proposed 
population objectives is obtained during public hearings. After the hearings the proposed 
population objectives are sent to the Wyoming Game and Fish Commission for review and 
approval. The NER, GTNP, and Bridger-Teton National Forest (BTNF) have participated in WGFD 
big game population objective review and revision processes in the past for both the JEH and 
JBH. These federal agencies will continue to participate in objective setting for the JEH and JBH 
populations. 
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The current JEH winter feeding program includes two groups of feedgrounds – one on, and 
managed by, the NER, and the second managed by WGFD. The latter are the Alkali, Fish Creek, 
and Patrol Cabin feedgrounds, collectively known as the Gros Ventre feedgrounds, located on 
BTNF lands. Initiation of feeding is currently conservative, i.e., has the primary objectives of 
minimizing elk 1) winter mortality of the most susceptible group, calves, and 2) comingling 
issues with cattle on adjacent private lands. Winter feeding begins when available forage 
reaches approximately 300 lbs acre-1 at key index sites. Available winter forage for elk and bison 
on the NER is largely determined by snow conditions, rate of forage consumption during fall 
and winter, and biomass of forage produced during the previous growing season.  
 
Forage biomass (metric tons) is correlated with the amount of precipitation (mm) during May–
August (𝛽𝛽𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 50.31, R2 = 0.91; 1995 and 1998–2006, NER unpubl. data), and secondarily 
affected by the number of irrigated acres.  Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–2013, and in recent years irrigation of 
approximately 3,600 acres has increased forage production by approximately 10% compared to 
what would have been produced with precipitation alone. Estimation of forage biomass is done 
annually based on sampling at index sites. Index sites are selected subjectively each year based 
on presence of vegetation highly palatable to elk such as naturally sub-irrigated wet meadows, 
irrigated areas with significant green vegetation, and in years with adequate late summer/early 
fall precipitation, native dry grassland plant communities with basal green up.  
 
During 1995–2013, mean initiation of winter feeding on the NER was 28 January, ranging from 
30 December to 28 February. Mean termination of winter feeding during this same period was 
3 April, ranging from 20 March to 20 April. Initiation and termination dates vary widely based 
on winter conditions. Excluding years in which feeding did not occur, mean initiation and 
termination dates for winter feeding during 1976–2013 at the Gros Ventre feedgrounds 
occurred during the second week of January and first week of April, respectively (Table 1). This 
resulted in approximately 3 months of feeding each year.  
 
Table 1. Winter feeding mean initiation and termination dates and total days for the Gros 
Ventre feedgrounds managed by Wyoming Game and Fish Department. Standard deviations 
are provided parenthetically. 
Feedground Initiation Date Termination Date Total Days 
Alkali 10 January (18.8) 7 April (13.5) 89 (23.5) 
Fish Creek 9 January (12.3) 4 April (17.1) 85 (21.0) 
Patrol Cabin 11 January (13.5) 4 April (11.6) 84 (19.0) 
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Winter feeding coordination between the NER and WGFD occurs annually. Feeding in the Gros 
Ventre feedgrounds is targeted specifically to assist in keeping animals from moving to the NER; 
for example, animals are more likely to move to the NER if feeding is occurring there and not at 
the Gros Ventre feedgrounds, where the opposite up-slope migration is less likely. Termination 
of feeding at feedgrounds needs to be coordinated so animals moving to the NER after feeding 
ends on the Gros Ventre feedgrounds do not remain at the refuge. This coordination will 
continue regardless of the management strategy employed.  
 
Bison are fed as necessary to ensure elk are adequately fed. Bison out-compete elk for forage 
resources, so the typical strategy is to keep bison at the northernmost NER feedground 
(McBride) by feeding them prior to feeding elk. Bison are fed separately from elk and are given 
a ration adequate to ensure they do not move to elk feeding areas. This also influences 
distribution of bison in the winter, reducing conflict associated with bison moving into 1) 
Jackson, and 2) the Nowlin unit of the NER where commercial sleigh rides occur.  
 
Total harvest of the JEH was reduced over the last decade as the population objective was 
reached (Fig. 4). Elk hunting on the NER (Hunt Area 77) typically begins in mid-October and 
ends in mid-December, with peak harvest in recent years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 (SD = 56) hunters harvested 161 (SD = 38) elk 
per year during the NER hunt.  
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Figure 4. Jackson elk herd estimated harvest, 2002–2011. 
 
Associated with harvest on the NER, “tag and drag” is a retrieval service currently provided by 
two licensed outfitters. They are also licensed to guide on the NER. This program will continue 
regardless of the management strategy employed.   
 
Hazing of elk is currently only undertaken in spring to encourage elk (and bison) to move off of 
the NER. Attempts at post-hunting/pre-feeding hazing of elk to the north part of the refuge 
occurred (e.g., 2005–2006), but were largely ineffective with elk generally returning the 
following day to the south end of the NER. These efforts included hazing using ATVs, on foot, 
and on horseback. Reducing spring hazing to increase early-season harvest was considered as a 
potential action but not included due to 1) the perception that the loss of forage on the Refuge 
by resident elk during summer would offset gains due to increased harvest, 2) presence of 
wolves on the northern end of the Refuge may preclude the desired response of reduced 
hazing to keep elk on the north end of the Refuge, and 3) recently observed aspen recovery 
could be reduced if elk use increased on the north end of the Refuge.  
 
Fencing of hay stacks and livestock feedline areas has historically been used to mitigate conflict 
on private lands. Fencing as mitigation on private land will continue in a targeted fashion. For 
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example, a proposed mitigation in the Horse Creek area would involve a land trade with a 
private landowner to move livestock winter feeding operations off of a south facing slope that 
is a movement corridor for elk. Fencing three sides of the private land would separate the 
corridor from the livestock feedline. Targeted fencing of golf course greens and sand traps fall 
through spring has been successful in some situations for mitigating elk and bison presence in 
these areas. It is important to note that the county has a ‘wildlife-friendly’ fence policy and 
does not support fencing impermeable to wildlife. 
 
The outcome of the reference case described above for elk abundance and distribution during 
winter in the JEH is shown in table 2. Population objectives for the two feedground complexes 
are provided, as are annual elk abundances as measured during the classification count. The 
data presented in table 2 demonstrate the potential for reaching the Phase 1 NER winter elk 
population objective of 5,000 while remaining within the JEH objective of 11,000 (±10%). 
 
Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2013, relative to the current objective. 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range* 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 

*Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 
  
Bison numbers grew exponentially from the 1970s until recently, peaking at 1059 animals in 
2007 (Fig. 5). Recent declines in the number of bison are largely attributable to increased 
hunter harvest on the NER. Bison hunting begins on August 15 and ends in early to mid-January; 
no bison hunting is allowed in GTNP, resulting in bison often staying in the park during the 
hunting season with only occasional movements onto the NER until severe winter conditions 
occur. Given this situation, harvest management balances extending the hunt as late in January 
as practicable without conflicting with winter feeding. The dynamic nature of winter conditions 
makes this unpredictable, and results in the use of emergency bison season extensions or 
reductions. For example, an emergency extension of the season (no later than 31 January) 
could occur if mild winter conditions precluded desired harvest levels earlier in the season. 
Conversely, an emergency closure may be necessary if winter weather conditions require 
feeding to commence before the predetermined season end date. 
 
Most bison harvest occurs on the NER, with some additional harvest on private and BTNF lands.  
Since the initiation of the bison hunt in 2007, mean harvest has been 210 (SD = 45.5) bison per 
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year.  This level of harvest has been sufficient to arrest the exponential growth of the 
population, reducing bison numbers from the peak in 2007 to 855 animals in 2013 (Fig 5). 
Licensing changes for hunting Jackson Hole bison were enacted in 2014 to increase harvest, 
especially of bison females.  These included a reduction in the bison female/calf license fee 
(from $416 to $263 for residents and from $2522 to $1022 for non-residents) and eliminating 
the once-in-a-lifetime restriction on a successful bison hunter to only those that successfully 
harvested a bull. Tribal bison harvest is currently defined in the BEMP to permit up to five 
animals for ceremonial purposes; tribal harvest generally occurs outside of the state bison 
season. Translocation of bison to tribal lands outside of Teton County is not currently permitted 
due to brucellosis concerns.  

 
 
Figure 5. Bison winter population in the Jackson Hole area, 1970–2013.  
 
Bison would likely occupy the Refuge year-round without management intervention, but as a 
result of hazing by refuge staff and disturbance by hunters, peak bison activity on the NER 
occurs January–April each year.  If bison fail to leave the NER following the cessation of 
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supplemental feeding they are typically hazed off the Refuge using all-terrain vehicles (ATVs) in 
late April to early May.  Hazing moves bison to GTNP, where they generally remain until mid-
July. From July to early August bison that return to the NER are hazed back to GTNP to protect 
forage for elk during the winter months. Hazing efforts in August cease within several days to 
weeks of the bison season in an effort to increase hunter harvest.  
 
National Elk Refuge 
Alternative management actions identified for meeting the NER winter elk population objective 
can be grouped into four categories, including 1) winter feeding management (both on and off 
the NER), 2) population management (harvest, culling, and fertility control), 3) habitat 
improvements (on and adjacent to the NER), and 4) mitigating private lands conflicts 
(leases/easements, incentives, fencing) (Table 3). The latter represent sequenced alternatives 
that would be necessary to implement due to wintering elk dispersing onto private lands 
adjacent to the NER in response to other management actions taken. A fifth group of 
alternatives associated with increasing public awareness (including local elected officials, e.g., 
county commissioners) of ‘natural’ levels of elk winter mortality were included after the 
meeting. These actions represent acknowledgement that the current feeding program results in 
reduced winter mortality, perhaps exacerbating already low public tolerance to increased 
winter mortality, whether episodic or perennial in nature. This group was expanded to include 
more targeted education and outreach efforts for landowners, sportsmen and agencies, and 
the WGFD Commission, depending on the strategy.  Lastly, a group for each of monitoring and 
enforcement were included to allow proper accounting of projected costs associated with each 
management action strategy.   
 
Table 3. National Elk Refuge winter elk population strategy table for identifying alternative 
management action strategies. Ongoing management actions that will be continued 
regardless of strategy selected are not included in the table; descriptions can be found in the 
‘Reference case’ description within the text. 

  

Reference 
Case 

NER-
focused 

Southern herd 
segment 
mngmnt 

Late 
Season 
Harvest 

Winter feeding management  
   No change X 
 

X X 
Less conservative (NER)  X 

  Population management  
   No change X 
   Increase harvest objectives in Hunt 

Areas 77 & 78  
 

X 
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Late-season refuge hunt (Hunt Area 
77)  X X X 
Coordinated late-season hunt (Hunt 
Areas 75, 77, 78, 80)    X 
Extend open period on Forest 
Service  

  
X 

Fertility control (Hunt Area 78 & 
GTNP South)  

 
X 

 Hunt Area 78 Hunter management 
program   X  

Habitat improvements  
   No change X 
   Fire management on NER and 

adjacent public land  X X X 
Private lands mitigation  

   No change X 
   Incentivize steer operations  X 

  Non-traditional landuse mitigation   X  
Public education/outreach (EO)  

   No change X 
   Increase public EO (including local 

elected officials)  X X X 
Increase landowner EO  X X 

 Increase sportsmen & agency EO   X  
Increase WGFD Commission EO  X X X 

Monitoring X 
   No change  X X 

 Increase  
   Enforcement  
   No change X 
   Minor increase  X X  

Major Increase  
  

X 
 
Winter feeding management—Management of winter feeding is a primary driver of elk 
distribution, and to a lesser extent abundance, in the Jackson Hole area. Feeding on the NER is 
initiated each year based on a series of factors, including the amount of forage on the NER, 
number of elk present, and snow conditions. Initiation of feeding is currently conservative (see 
Reference case, pg 5). A less conservative approach would result in later initiation of feeding, 
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therefore potentially increasing winter calf mortality and comingling. Including agronomic 
grassland plant communities without significant green vegetation and/or reducing the available 
forage threshold would result in a less conservative winter feeding program. Per capita ration 
levels would not change from the current level.   
 
Implementing a less conservative feeding program could result in very limited, or no, feeding 
given certain winter conditions. However, the criteria for a less conservative feeding program 
would not be such that it could be construed as ‘emergency feeding’, i.e., feeding only to 
preclude a catastrophic mortality event. Colorado, Idaho, and Utah provide examples of states 
that have emergency feeding policies. Existing evidence suggests that emergency feeding is not 
very effective (see review in Putman and Staines 2004). Moreover, the current feeding regime 
has been developed for non-emergency situations; a review of current rations and pellet 
composition would be necessary to adjust the program for emergency feeding.  
 
Population management—Hunter harvest is the primary tool employed for population 
management of elk and bison in Wyoming. Increased harvest objectives on/near the NER would 
target the southern segment (Hunt Areas 77 & 78), which is currently more productive (i.e., 
higher cow-calf ratios) than other JEH segments. Doing this would help achieve JEH objective 
while minimizing harvest on migratory segments. In order to track hunter harvest there would 
need to be an increase in monitoring, e.g., hunter self-registration.         
 
Elk hunting on the NER currently ends mid-December. Offering a late-season hunt (after 15 
December) would assist in deterring elk from moving onto the refuge. Without coordinated 
hunts in adjacent units (Hunt Areas 75 [GTNP], 78 and 80), and extended open access on BTNF 
lands in Hunt Area 80, the NER hunt would likely be ineffective in also significantly increasing 
harvest. Late-season harvest in Hunt Area 80 would include migratory Yellowstone elk, a 
declining herd segment of conservation concern. These proposed coordinated efforts would 
need to be approved by the Commission, BTNF, and GTNP.  
 
Fertility control was considered and rejected in the 2007 BEMP, so therefore could not be 
undertaken on federal lands without vetting in the NEPA process. Moreover, this action would 
need approval by the WGFD Commission prior to the state undertaking fertility control on 
private lands in collaboration with landowners in Hunt Area 78 and Grand Teton NP South 
would occur during summer on private lands. Research completed since signing of the BEMP 
indicates fertility control may be more tractable now than when it was considered during 
preparation of the BEMP. Killian et al. (2009) demonstrated effectiveness of GonaCon™, a 
gonadotropin-releasing hormone vaccine, in female elk. Dart-delivered 2 ml doses of 1000 μg 
GonaCon™ resulted in nearly complete infertility of females treated in September. Much of the 
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early research on this immunocontraceptive vaccine was for use in white-tailed deer, with 
regulatory approval of GonaCon™ for use in female white-tailed deer by the U.S. Environmental 
Protection Agency granted in 2010. There are no known dangers to humans or wildlife from 
eating animals that have been treated with GonaCon™. 
 
Most of the observed increase in segment population has occurred in the largely non-migratory 
Hunt Area 78 / Grand Teton NP south segment. Increased harvest in this segment would help 
address a number of issues, in addition to assisting in reaching Phase I objective. Harvest is 
nearly as liberal as possible at this time; the greatest limitation is hunter opportunity in 
residentially-developed areas. Elk use in those areas is increasing, necessitating continued 
collaboration with homeowner associations to improve hunter access within residential 
developments. Many associations have covenants that exclude firearms, but archery may be an 
option where firearms are excluded. There is also a growing constituency for trophy bulls in 
these areas.  
 
A hunter management program for Hunt Area 78 would coordinate private land access through 
a hunt manager as liaison to private landowners. This program would be modeled after similar 
programs in Montana, as well as several in Wyoming (Meteetse, Laramie Peaks, etc.).    
 
Habitat improvements—Habitat improvements discussed so far have focused on fire 
treatments on range adjacent to the NER to increase attractiveness of these areas to wintering 
elk. Opportunities exist for managed fire in certain areas, but opportunities for prescribed fire 
are limited. Fire treatments in lynx habitat would not be possible, therefore it would be 
necessary to determine if a conifer stand was suitable lynx habitat as based on tree cover. 
Conversely, areas within sage grouse core habitat (i.e., within a 4 mile radius of a lek) have a 5% 
disturbance cap that would similarly preclude fire treatment. Areas mapped as wildland urban 
interface (WUI) are available for treatment, but treatments need to be defined as a fuels 
reduction.  
 
There is potential to have fire management areas on the refuge, but the conflict with sage 
grouse on the northern portion of the NER, which is identified as sage grouse core habitat, 
would need to be addressed. The plan will therefore include prescribed fire even if it isn’t a 
primary tool. These changes would represent a small, ephemeral gain at best in changes to 
habitat that may result in more elk wintering outside of the NER. Wildland fire use (i.e., wildfire 
to meet resource objectives) is authorized forest-wide in the BTNF. Much of the BTNF adjacent 
to the NER is within the Gros Ventre Wilderness, which is managed to allow “natural processes 
of ecological change to operate freely. The number, size and intensity of fires [are managed to] 
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approximate the natural fire regime” (USFS 2013). Benefits from wildland fire use on adjacent 
national forest lands are therefore opportunistic in nature. 
 
Private lands mitigation—Easements and leases have been proposed as a means to minimize 
livestock and elk conflict related to brucellosis. Easements would incentivize steer operations 
by purchasing from willing sellers the right to have cow/calf pairs. Easements should also 
consider all winter feeding of livestock (e.g., horses), certain agricultural crops that are 
attractants to elk (e.g., irrigated hay), as well as hunting access. These easements would be 
purchased and enforced through agencies and local land trusts. Leases in the Spring Gulch area 
are not a suitable solution due to the current level of development; may be an option in Buffalo 
Valley assuming the weather allows animals to winter there. Leases/easements would need to 
include a statement that the individual would forfeit their right to make a depredation claim to 
WGFD.  
 
Non-traditional landuse mitigation would differ from that described above for traditional 
landuses. For example, the Jackson Hole Conservation Alliance is working with subdivision 
landowners to install landscaping that is less attractive, and more resistant, to elk and deer. 
Similarly, WGFD assesses subdivisions to identify issues for mitigation, and provides input to 
real estate developers and in county planning documents. Also, targeted hazing in subdivisions 
and golf courses is ongoing and will continue on an as-needed basis. 
 
Public education/outreach—Each partner agency will have the opportunity to become involved 
in the planning and execution of education and outreach (EO) efforts. Increased public EO 
efforts will be undertaken regardless of the strategy selected. These efforts will include 
increasing public awareness of, and tolerance for, natural levels of winter mortality in elk. This 
would be accomplished through local news releases and radio announcements, training for 
sleigh-ride contractors that includes information on winter mortality in unfed populations of 
elk, etc. Regular updates on the planning process and progress towards meeting objectives set 
out in the BEMP will also be provided to the public through NER media outlets. County 
Commissions will be included in public EO efforts to make sure they are aware, and supportive, 
of the agencies’ efforts.  
 
Landowner EO would differ between those engaged in more traditional agricultural landuse 
(i.e., ranching) and non-traditional landusers (i.e., residential developments, golf courses). The 
decision to change a livestock operation from cow/calf to steers (non-breeding) is a major 
decision.  It is not expected that ranchers would respond to an article in the paper, news story 
on the radio or even a letter.  This kind of effort will require primarily one-on-one interactions 
with an individual that has built relationships and trust within the community. This would 
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require a private lands biologist to work with private landowners in the area. The position could 
be a shared position among agencies. Conversely, EO focused on homeowners in exurban 
developments will focus more on meetings with homeowners’ associations, residential 
developers, etc., to provide information regarding living with wildlife, wildlife management and 
conservation, etc. All agencies will need to collaborate in initial efforts to reach key landowners 
and homeowner associations to convey the objectives and primary issues involved in managing 
elk and bison in Jackson Hole, as well as to express the importance of their involvement in the 
process. WFGD is currently doing this in some areas, e.g., Hunt Area 78.  
Sportsmen EO would include meetings with local and regional sportsmen’s clubs and ideally 
articles in club magazines, Wyoming Outdoors, etc.  General newspaper articles could also help 
disseminate information. This could be largely accomplished with existing staff.  
 
Agency EO is happening to some degree through AMP meetings.  It would be helpful to focus 
on two different groups; field staff and Regional Office managers.  Field staff are instrumental 
in achieving management actions on the ground, but also support changing public opinion in 
the local area through their personal interactions outside of work.  Regional office EO is 
essential in building the necessary support to obtain project resources and have support when 
controversies are elevated to their level.    
 
WGFD Commissioner EO will require personal contacts coordinated with WGFD.  Top priority 
will be the commissioner for this area and perhaps others.  This will include 1) tours of the NER 
and GTNP and 2) a briefing on alternative strategies resulting from the AMP. 
 
Monitoring—Draft once strategies are finalized. 
 
Enforcement—Draft once strategies are finalized. 
 
Contstraints 
Constraints that were identified for managing wintering elk population on the NER were diverse 
and included policy/regulatory, biological, social, and funding constraints, and combinations 
thereof (Table 4). The most common constraints were policy related (33%), followed by social 
(28%), biological (22%), and funding (17%) constraints. Many of the identified constraints could 
be identified in multiple groups; we largely identified constraints as belonging to a single group 
to simplify classification.  
 
Table 4. Management constraints identified for the National Elk Refuge wintering elk 
population objective. 
Policy constraints 
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Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Easement limitation (NER boundary) 
2007 EIS (rejected fertility control and test and slaughter; limits tribal 

harvest) 
Social constraints 

Hunter numbers 
Winter mortality (social acceptance) 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts 
Fencing/wildlife conflicts 
Migratory segment (maintain summer distribution goals) 

Funding constraints 
Easements 
Fencing 
Fertility control 

 
National Elk Refuge Strategy Narratives 
Management action strategies were divided into themes based on the focus of the grouped 
actions within a strategy. For example, the National Elk Refuge-Focused strategy targets winter 
elk distribution through management actions primarily taken on the refuge. The sSouthern 
hHerd sSegment mManagement strategy is a set of actions intended to reduce the number, and 
productivity, of the largely non-migratory elk in Hunt Areas 75 and 78 while minimizing the risk 
of harvest to migratory segments of the JEH. The lLate sSeason hHarvest strategy would 
increase harvest more generally in the JEH through coordinated late season hunts, with key 
caveats outlined below. Several actions were identified as necessary to continue, or implement, 
regardless of the strategy selected. Those to be continued are the 1) intra-seasonal 
management and coordination between the NER and WGFD Gros Ventre feedgrounds, 2) 
fencing for private lands mitigation, and 3) “tag and drag” and guided hunts on the NER and 
GTNP. New actions to be implemented across all strategies include 1) a late-season refuge hunt, 
2) Fire management on NER and adjacent public land, 3) increased public education and 
outreach, and 4) increased WGFD Commission education and outreach. 
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National Elk Refuge-Focused Strategy 
The NER-focused strategy is based on altering distribution of elk using management actions 
centered primarily on the refuge. This strategy implements actions to make the refuge less 
attractive to wintering elk primarily through a less conservative winter feeding program and 
initiation of a late-season hunt. This assumes that a proportion of elk that winter on the refuge 
can be conditioned to stay on adjacent winter range based on decreasing the incentive (later 
initiation of feeding) and increasing the disincentive (late season hunt) to moving onto the 
refuge. Incentivizing steer operations on private lands would be undertaken to address the 
increased proportion of elk that may winter on adjacent private lands. Similarly, education and 
outreach to private landowners is included in this effort to increase acceptance of elk wintering 
on private lands adjacent to the NER. Increased enforcement on the NER would also be 
necessary due to the addition of the late-season hunt.  
 
Southern Herd Segment Management Strategy 
The southern herd segments (Hunt Area 78 and GTNP South) are increasing absolutely and 
proportionally within the JEH. Conversely, migratory segments (i.e., elk that summer in 
Yellowstone NP and Gros Ventre Wilderness) of the JEH are stable to declining. The Southern 
Herd Segment Management Strategy focuses management actions at slowing, or reversing, the 
growth of the southern herd segments. Proposed actions include increasing harvest through 
the development of a hunter management program, a program that also helps address private 
lands mitigation. Targeted fertility control on private land summer range could also be 
explored by WGFD, but would need to go through the proper approval process (i.e., WGFD 
Commission). This action was considered and rejected in the BEMP. Increased outreach to 
sportsmen and agencies, and landowners, would be undertaken; the former is due to the 
potential for fertility control and the latter is for increasing awareness of landowners of the 
efforts to reduce the southern herd-segment. Increased harvest is localized by this strategy, 
minimizing the potential impact of increased harvest on the migratory segments. Increased 
enforcement on the NER would also be necessary due to the addition of the late-season hunt. 
 
Late Season Harvest Strategy 
The Late Season Harvest Strategy represents a broader, landscape scale approach to achieving 
the Phase I elk objective. A coordinated (i.e., NER, WGFD, GTNP, BTNF) late season hunt in Hunt 
Areas 75, 77–78, and 80 would occur. Approval would need to be obtained for extending, or 
moving, the current season in GTNP to allow later harvest. Lastly, the current December 1st 
closure to protect wintering ungulates in Hunt Area 80 on BTNF lands would need to be 
modified through an environmental review process to allow hunter access into that area. 
Currently the JEH could be reduced by approximately 1,000 animals before being below 
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objective (11,000 ± 10%). A WGFD Commission approved reduction in the JEH could be 
investigated if the efforts of this strategy did not result in reaching the NER Phase I elk 
objective. An increase in enforcement would be necessary if this strategy was implemented.  
 
Bison 
Alternative management actions for bison on the NER and adjacent areas included several 
developed for the NER wintering elk population objective in addition to those solely developed 
for bison (Table 6). Most of the actions identified were related to bison harvest in an effort to 
influence hunter access or success.  
 
Table 6. Bison population strategy table for identifying alternative management action 
strategies.  

  

Reference 
Case 

Hunter 
Harvest 

Alternative 
Reduction 

Actions 
Population management 

   No change X 
  

Improve late-season access to north 
end of NER for hunting and carcass 
retrieval 

 
X X 

Parking lot origination management 
 

X X 
Alternative reduction actions*   X 

Hazing 
   

No change 
   

Haze bison found south and east of 
Flat and Nowlin creeks  

X X 

Service-accompanied hunters  X X 
Habitat improvements 

   
No change X 

  
Fire management on NER and 
adjacent public land  

X X 

Water source improvements    
Private lands mitigation    

NER south-boundary improvement    
Public education/outreach (EO) 

   
No change X 

  
Increase education and outreach 

 
X X 

Monitoring 
   

Commented [scm82]: Again, this was not not in the BEMP 



37 
 

No change 
   

Enforcement 
   

No change 
   

Increase 
   

*Beyond the scope of this plan and may require NEPA review. 
 
Population management—Hunter harvest of bison since 2007 has led to an appreciable 
reduction in the population (Fig. 5). Further efforts to increase hunter harvest are intended to 
reduce the number of years necessary to reach the bison population objective. Most of the 
actions identified are related to increasing opportunity and success at the existing level of 
hunter numbers. The current number of hunters each year is believed to be a maximum 
number allowable while still providing a quality, and safe, hunting experience.   
 
Efforts to improve late-season access to the north end of the NER for hunting and carcass 
removal could facilitate increased harvest. Existing retrieval roads become impassable late in 
the hunting season due to snow, and can, for example, preclude hunters from using the West 
Parking Area or retrieving carcasses on the northern portion of the refuge. Keeping these roads 
open may be difficult in heavy snow years, requiring a bulldozer in some situations. 
Alternatively, over-the-snow vehicles could be considered for carcass retrieval on existing 
refuge roads. Hunter access easements across private lands on the northeast corner of the NER 
will be explored as another means of providing access to that portion of the refuge for hunting 
and carcass retrieval. 
 
Hunters must originate from a designated parking area for hunting bison on the NER. All but 
one designated parking area are within the NER. Access to the northwest portion of the NER is 
via a parking area within and managed by GTNP in collaboration with the NER. Accessing the 
refuge for hunting from BTNF lands along the eastern boundary of the NER was historically not 
allowed. The refuge will continue to manage hunter distribution using parking-lot origination in 
an effort to encourage bison to move onto, and remain, on the refuge. Hunters with a NER 
permit will also be allowed to access the refuge from adjacent BTNF lands.   
 
Continuous review of population management actions implemented for reaching the bison 
population objective will be undertaken during the life of this plan. If management actions 
outlined in this plan prove ineffective for reaching the objective, other actions that fall outside 
the scope of this plan may be considered, e.g., agency cull, herd-wide fertility control. Such 
actions may require evaluation as per the NEPA.  
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Culling of bison is currently not used as a population management action. Including an agency 
bison cull as a potential population management action in this plan does not imply agency 
approval at this time and would only receive further consideration upon meeting several 
criteria. Consideration of an agency cull would include meeting National Environmental Policy 
Act (NEPA) requirements. WGFD policy prevents elk hunting past January 31st to minimize 
hunter exposure to Brucella abortus (the bacteria that causes brucellosis). This policy is specific 
to elk at this time, but the same concerns exist for late-season bison harvest. Between February 
1st–15th WGFD personnel can harvest animals and the animals can be donated; animals killed 
after February 15th must be disposed of in a landfill.  
 
Herd-wide fertility control of bison was considered and rejected in the BEMP. A review of 
fertility control in wildlife, current at the time of approval of the BEMP, can be found in 
Appendix B of the final Environmental Impact Statement (EIS) (USFWS and USNPS 2007b). Need 
to gather more details on the current state of knowledge for this technique – would it be 
possible to have the WGFD vet draft a few sentences, with current citations, for this purpose? 
Seems like this would have to occur on the feedline to be efficient and effective, which would 
trigger NEPA. Bison primarily occur on federal lands, so proposed implementation of this action 
would necessitate following NEPA requirements.  
 
Hazing—Reduction, or elimination, of winter feeding will likely result in bison having a broader 
winter distribution in Jackson Hole. This could lead to more frequent use of the Nowlin unit by 
bison; the Nowlin unit is where commercial sleigh rides are conducted. Moreover, increased 
bison use of the southern portion of the NER beyond the Nowlin unit increases the potential for 
bison to enter the town of Jackson. For public safety and to minimize conflict in the Nowlin unit, 
bison will be hazed north if found south of a boundary starting at the Twin Creek Subdivision, 
west along Elk Refuge Road to Nowlin Gate, north and west along Hunter Retrieval Road 22 (an 
administrative road), north along Hunter Retrieval Road 22 to the Refuge Barns, west along 
Nowlin Creek to the confluence of Flat Creek, and north along Flat Creek to the northern 
boundary of the Jackson National Fish Hatchery.  
 
Service-accompanied hunters in NER management units south of the bison hazing line defined 
above could be used to haze bison north of the hazing line.  
 
Habitat improvements—Fire management on NER and adjacent public land to increase 
attractiveness for bison would be the same as described above for elk (pg X). The objective, 
however, differs in that the purpose of attracting and holding bison on the refuge would be 
primarily to increase susceptibility of bison to harvest.  
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Water sources on the east side of the NER would be modified to increase flow rates, improve 
bison access to water, encourage bison use and potentially increase early season harvest. 
 Existing springs known as waterhole 2 and waterhole 3 currently have defunct bore hole pipes 
with limited water flows.  These would be repaired or replaced to ensure late summer water 
flow and encourage bison use at these locations. 

Private lands mitigation—Bison primarily occur on public lands (i.e., NER, GTNP, and Bridger-
Teton National Forest), and when they do occur on private lands WGFD has the authority to 
haze or lethally remove bison for safety or private lands damage concerns (WGFC regulations, 
chapter 56). There is the potential for increased private lands conflict if winter feeding is 
reduced or eliminated on NER. For example, bison may move further south when feeding does 
not occur, increasing the potential for bison in Jackson. To reduce the likelihood of bison 
moving from the Refuge into Jackson, a double cattle guard will be installed on Elk Refuge Road 
at the boundary with East Broadway and at the gate where the town accesses the municipal 
water wells.  
 
Public education/outreach—Public education and outreach for bison management will be 
integrated into EO provided for elk management (see pg. X). There are important differences 
between bison and elk biology and management that will be articulated. The bison population 
objective differs from the elk objective, with the former based primarily on maintaining genetic 
heterozygosity while minimizing conflict (USFWS and USNPS 2007a). Bison winter feeding is 
conducted primarily to eliminate conflict with elk on feedgrounds, which is fundamentally 
different than the objective for feeding elk to sustain the JEH through winter with minimal 
mortality. Winter feeding of bison precludes other conflicts that would occur if bison were 
more broadly distributed within Jackson Hole, e.g., bison in the town of Jackson and the 
associated public safety conflict. As winter feeding is reduced, or eliminated, efforts will be 
made to manage potential increased conflict, but public acceptance of increased conflict will be 
necessary. There are important biological differences between bison and elk that will be 
highlighted. For example, during 2007–2013 the JBH had greater than twice the ratio of calves 
to females in winter compared to elk of the JEH (0.47 [SD = 0.05] for bison and 0.22 [SD = 0.03] 
for elk; WGFD, unpubl. data). During the six-year period taken to complete the BEMP the bison 
population grew exponentially, increasing from 627 animals in 2002 to 1059 in 2007 (Fig. 5; 
WGFD, unpubl. data). Management challenges can also differ between bison and elk. Bison 
female-calf groups spend much of the year in GTNP, where no harvest is permitted, and move 
to the Refuge as winter conditions reduce forage availability in GTNP. Female-calf groups 
largely do not use BTNF lands adjacent to the NER or GTNP, which constrains population 
management using hunter harvest to a relatively limited area on the NER. This can lead to 
dense concentrations of animals and hunters on the NER, which can result in hunter conflict.  
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Increased EO to state agencies, e.g. the Department of Agriculture and state veterinarian, will 
be included as part of this action. The range of bison will likely expand as feeding is 
reduced/eliminated, potentially leading to more conflict on private agricultural and developed 
lands. 
 
Monitoring— Draft once strategies are finalized. 
 
Enforcement— Draft once strategies are finalized. 
 
Constraints 
Constraints unique to bison management were largely related to disease transmission concerns 
and related policy (Table 7). For example, it is not currently possible to move bison out of the 
county, nor are bison currently allowed in the Gros Ventre near WGFD feedgrounds. Several 
identified alternative actions, fertility control and test and slaughter, were considered and 
rejected in the 2007 Environmental Impact Assessment (EIS) for the Bison and Elk Management 
Plan. The 2007 EIS similarly limits tribal harvest of bison. Moreover, there is uncertainty if an 
effective bison fertility control exists, which is a technological constraint. What constraints 
from the NER wintering elk constraints table should be carried over to the bison constraints 
table? 
 
Table 7. Management constraints identified for the bison population objective. 
Policy constraints 

Hunt end date (Feb. 1st) 
Carcass disposal (Feb. 15th)  
Commission structure (WGFD) 
Forest Service access (Dec. 1st closure) 
Cumbersome hunt regulations 
Hunter access (especially from north of the NER) 
Easement limitation (NER boundary) 
Current restriction on moving bison out of county 

Social constraints 
Public safety (ungulate/vehicle collisions) 
Disease (cattle commingling) 
Vendor numbers (are there enough for bison removals?) 
Land-use conflicts (agricultural and residential) 

Biological constraints 
Disease 
Sage grouse habitat conflicts (fire) 
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Fencing/wildlife conflicts 
Grizzly bear conflicts (potential) 

Funding constraints 
Easements 
Fencing 
Fertility control 

Technological constraints 
Fertility control 

 
Note/reminder from initial fall meeting Nov. 2012: “Three-pronged approach” 1) how to use 
hunters to reduce #s, 2) how to get more on native, 3) explicit metric for winter mortality that is 
acceptable.  
 
Include a paragraph or two that describes 1) how phases are related to each other, 2) when we 
will claim we’ve been successful in Phase I, 3) how Phase II will be implemented (i.e., stepwise 
or all at once after success with Phase I, 4) whether meeting bison and elk objectives 
simultaneously will be necessary to begin implementing Phase II.  
 
Include a summary of the actions in this plan that tier off of the BEMP vs. those that would 
trigger NEPA. This would include defining strategies succinctly and the threshold that would 
trigger NEPA. In this way we can move forward with actions that step down from the BEMP 
and have a trigger for initiating NEPA if, and only if, necessary.   

1) Removed ‘Grand Teton NP harvest’ from the bison alternatives table because it was not 
in the BEMP and would therefore trigger NEPA and an act of Congress would be 
necessary (for a hunt, not a cull). A bison cull in GTNP would still trigger NEPA. Included 
agency cull (see below).  

2) Test and slaughter for bison was reviewed and rejected in the BEMP – many reasons to 
not do it.  

3) An agency bison cull would trigger NEPA 
4) Herd-wide fertility control in bison would similarly trigger NEPA 
5) Elk fertility control in GTNP south? This is currently an action in an elk strategy that 

would trigger NEPA, yet we haven’t excluded it from the main plan, simply stated it 
would need NEPA. 

      
 
Influence diagram rules –  

1) Bolded polygons and arrows represent NER specific outcomes, influences, factors, and 
measurable attributes. 
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2) Rectangles represent ongoing management actions that influence the outcome of 
interest, bison and elk fed days on the NER  

3) Hexagon is an outcome (which are also an influence/factor) 
4) Dashed rectangle represents a measureable attribute with a defined threshold to trigger 

a management decision to implement an action. 
5) Rounded rectangles represent objectives measured with uncertainty 
6) Factors that influence the outcome. Unpredictable, unmeasured, or both, i.e., beyond 

our control or ability to influence effectively. 
 

Influence Diagram Narratives—If survival and distribution are related to EFD & BFD – assume 
that reductions in EFD & BFD are not due to significant reduction in populations but instead the 
need to change elk and bison behavior and distribution.  
 
First influence diagram – defines bison and elk fed days, and winter distribution, as outcomes. 
Each of these outcomes is defined in the BEMP; the phase 1 objective for BFD and EFD are 
based on feeding 500 and 5,000 bison and elk, respectively, for an average length of time (see 
above). The phase 2 objective is to minimize BFD and EFD, up to and including no feeding, while 
supporting JBH and JEH objectives. Winter distribution of the JEH to support the current 
population objective (11,000 elk ± 10%) is defined in the BEMP (table X, above), including 5,000 
elk wintering on the NER. 
 
Ultimate question – how many elk can the refuge support while concurrently minimizing calf 
survival and winter feeding? That is the primary uncertainty and what we need to determine.  
 
Second influence diagram – includes a third outcome not explicitly defined in the BEMP but 
identified during the development of this plan.   
 
Note to include – triggers for start and end of winter feeding are 1) available standing forage 
on NER key index sites, and 2) snow cover on transitional areas, respectively. The latter could 
be quantified using fixed photo points to estimate percent bare ground at important 
transitional areas (e.g., Kelly hayfields).  
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies a large area in the 
upper Snake River watershed north of the town 
of Jackson (Fig. 1).  Much of the herd is migratory, 
moving between distinct wintering and summer 
ranges.  Primary wintering areas include the 
Buffalo Valley, lower elevations of the Gros 
Ventre River drainage, the National Elk Refuge 
(NER), and areas adjacent to the NER on Bridger-
Teton National Forest (BTNF) lands.  Summering 
areas occur throughout the herd’s range and for 
convenience are divided into four geographic 
regions that include Grand Teton National Park 
(GTNP), Yellowstone National Park (YNP), the 
Gros Ventre drainage, and Teton Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 
“tusk hunters” and large-scale commercial 

hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
and federal officials in Jackson Hole, to begin 
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feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 
reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 

Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
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An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 

Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 
Preserve, Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 

to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and the bison are now fed 
more than a maintenance ration to reduce 
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 
 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
_).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt administered by WGFD.  This plan was 

halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig _).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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bison and elk management focused on four broad 
goals: 1) sustaining native habitat; 2) promoting 
sustainable populations; 3) maintaining 
population sizes; and 4) preventing spread of 
disease.  The primary management scenarios 
presented in the alternatives included the status 
quo, terminating elk and bison hunting on the 
NER and elk hunting in GTNP, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk Adaptive 
Management Plan was developed to address the 
latter need specifically (Fig. 4).  It does not 
address other on-going bison and elk 
management actions already prescribed by the 
BEMP. 
 
As of March 2015, two court rulings have upheld 
the 2007 BEMP and ROD. In a lawsuit against the  
BEMP and its author agencies (Defenders of 
Wildlife et al. v. the U.S. Department of Interior 
and State of Wyoming 2010), plaintiffs argued 
that the BEMP violated the National Wildlife 
Refuge System Improvement Act (National 
Wildlife Refuge System Improvement Act 1997) 
by disrupting the biological integrity of the 
Refuge, and that the plan and the accompanying 
EIS violated NEPA because they were 
insufficiently detailed to allow a reasonably 
complete discussion of mitigation. The crux of the 
plaintiff’s argument was that the plan did not set 
a specific date for the cessation of supplemental 

feeding. In response, the agencies argued that 
the plan constituted a valid exercise of discretion 
and that it and the EIS were sufficiently detailed 
to satisfy the requirements of NEPA.  In March 
2010 the United States 4th District Court sided in 
favor of the agencies in this case.  In 2011 the 
plaintiffs appealed this ruling to the United States 
4th Circuit Court.  The Circuit Court affirmed the 
District Court ruling (Defenders of Wildlife et al. v. 
the U.S. Department of Interior and State of 
Wyoming 2011).   
 
 [any additional BEMP background needed in 
Intro?] 
 
National Environmental Protection Act 
Compliance 
 

The 1970 National Environmental Protection Act 
(NEPA; 42 U.S.C. 4321 et seq.) established 
national environmental policy and goals for the 
protection, maintenance, and enhancement of 
the environment on and provides a process for 
implementing these goals within the federal 
agencies.   Section 102 requires federal agencies 
to incorporate environmental considerations in 
their planning and decision-making through a 
systematic interdisciplinary approach. 
Specifically, all federal agencies are to prepare 
statements assessing the environmental impact 
of and alternatives to federal actions affecting 
the environment. Statements typically occur at 
three levels of analysis: categorical exclusion 
determination; preparation of an environmental 
assessment/finding of no significant impact 
(EA/FONSI); and, for major federal actions, 
preparation of an environmental impact 
statement (EIS).  

 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
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not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   

 
Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 

planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 
objectives, 2 knowledge of the dynamics of the 
system being managed, 3) clearly articulated 
management actions and strategies, and 4) a 
monitoring program to evaluate responses of the 
system to management actions (Walters 1986).   
 

 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 
goals, 20 associated objectives were addressed 

(Table 1).  This adaptive management plan 
addresses four objectives under the goal of 
sustainable populations (Fig. 6). 
 
In Phase 1 of the second objective, the aim is to 
reduce the average number of elk on feed to 
5,000 (while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP-adopted objective of 500. In 
Phase 2, the overall objective is to reduce the 
reliance of bison and elk on supplemental feed 
(USFWS and USNPS 2007a).  Desired conditions 
include animals relying predominantly on native 

Table 1.  2007 Bison/Elk Management Plan Goals 
and Objectives (Adaptive Management Plan 
objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives: 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 

• Phase reduction of animals on feed: 1) to 
5,000 elk and 500 bison, and 2) elk and 
bison rely predominantly on native habitat. 

• Maintain natural bull-to-cow ratios in park 
summer herd. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 11,000. 
• Maintain a genetically viable bison 

population of about 500 animals. 
Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk from 
elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

• Educate hunters about wildlife disease 
human health hazards. 
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habitat and cultivated forage. Important 
consideration criteria for implementing Phase 2 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
private lands during high risk disease 
transmission periods, 4) maintaining desirable 

winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 

 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  

The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The adaptive 
management approach will necessarily be one of 
trial and error, constant evaluation, modifications 
to approach when indicated, and repeated trials 
(Fig 4).  As such the approach will also be 
experimental, but it will be guided by rigorous 
analysis and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,000 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 

to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000.  Unfortunately, however, its winter 
distribution has changed fundamentally, favoring 
an increasing trend of even higher proportions of 
the herd on NER feed during winter (Fig. 6). [add 
additional information Doug B. presented at one 
of our meetings] 
 
The factors responsible for this change are 
unknown but are likely a combination of weather 
conditions, elk behavior and shifts in elk 
distribution, possibly influenced by the presence 
of wolves in some historic native winter ranges.  
Regardless of the reason, this trend is the reverse 
of what is desired and will make achieving the 
Phase I objective of 5,000 elk on feed, and future 
reductions, more difficult.  
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013, and in recent years irrigation of 
approximately 3,600 acres has increased forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone. 
 
[any other changes to include here?] 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 

Commented [S2]: This is not clear, are bulls still  once in a 
lifetime? 

Commented [S3]: Can we be more specific about what 
constitutes “recent years” and based on that should this be 
included as an important change since 2007? 
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of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.   
 
Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs per acre at key index sites 
and is considered conservative in terms of elk 
nutritional needs. Available winter forage for elk 
and bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  

 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 

Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 
lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February classification 
counts, 2011–2013, relative to the current objective. [update through 2015] 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range1 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 
 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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(SD = 56) hunters harvested 161 (SD = 38) elk per 
year during the NER hunt. 

  
The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 7).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5) 
bison per year.  This level of harvest has been 
sufficient to arrest the exponential growth of the 
population, reducing bison numbers from the 
peak in 2007 to about 700 animals in winter 2015 
(Fig 3). Tribal bison harvest of up to 5 animals for 
ceremonial purposes was authorized in the 
BEMP.  Translocation of wild bison to lands 

outside of Teton County is not currently 
permitted due to brucellosis concerns.  

Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions. For example, an emergency extension 
of the season (up to 31 January) could occur if 
mild winter conditions precluded desired harvest 
earlier in the season, while an emergency closure 
may be necessary if winter conditions required 
feeding to commence before the predetermined 
season end date.  
 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER rear around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 
and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease within several days to weeks of the 
bison season in an effort to increase hunter 
harvest.  
 
Vegetation Restoration and Protection 

 
  Figure 7.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 
implementation, followed by what remains to be 
accomplished] 
 
[Eric, anything you want to include in this section 
for NER?  Think in terms of providing background 
(current management) for anything you want to 
include in the budget for future actions 
(management strategies), so when it comes time 
to ask our agencies for funds it will be covered] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 

and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 
  
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
includes ground counts of animals on feed at the 
NER and aerial counts of outlying bison across 
their winter ranges on the refuge, park, and 
Bridger-Teton National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity.  For example, if 
5,000 were elk fed for 100 days during the 
winter, feeding intensity for that winter would 
equal 5,000 elk X 100 days = 50,000 EFD, whereas 
if 5,000 elk were fed for 50 days, EFD would equal 
25,000. 
 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 

bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Elk-fed-days will be determined each winter by… 
[Eric add methodology here] 
 
Several management constraints are common to 
the strategies discussed below (Table 4).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements.  
Similarly, compliance with the Wyoming greater 
sage-grouse core area protection executive order 
(2011-5) could restrict habitat manipulations.  
NEPA compliance conducted as part of the 
BEMP/EIS constrains what federal actions can be 
taken as a part of this plan.  State regulations 
constrain late (winter) hunt and carcass disposal 
timing to protect against brucellosis 
contamination, since February-April represent 
the period bison and elk are most likely to 
transmit the disease.  Restrictions on hunting 
timing also result from BTNF winter range 
closures, immediately east of the NER and 
elsewhere, December 1 to April 30.  Additional 
details about these and other constraints will be 
included in discussions about specific strategies 
that follow. 
 
Strategies 
 
Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies for 
initiating change involve several flexible 
parameters of winter feeding and harvest.  To a 
lesser extent, vegetation protection and 
restoration can be important, particularly for 
improving long-term ecological balance and 
enhancing natural production of native forage.  
Private lands are also an integral component as 

Table 4. Summary of Adaptive Management 
Plan constraints.  
Policy 
ESA1 Lynx – limits on habitat impacts 
Greater Sage Grouse – core area protection 
2007 BEMP/EIS (federal actions/lands) 

• No fertility control 
• No test and slaughter 
• Limited tribal harvest 

Bison/elk hunt end date (Feb. 1st)  
• WGFD, brucellosis safety 

Carcass disposal (Feb. 15th) 
• WGFD, brucellosis safety 

Forest Service winter closure (Dec. 1st – April 30th) 

Easement limitation (NER boundary) 
Winter Feeding 
Only during non-hunting periods 
Harvest 
State regulations 
Vegetation Restoration/Protection 
Bison/elk distribution 
Exotic species management 
Private Lands  
Owner agreements 
Social 
Hunter density 

Elk/bison winter mortality levels 

Public safety (ungulate/vehicle collisions) 

Disease  

Land-use conflicts (agricultural and residential) 

Biological 

Disease (bison/elk/cattle commingling) 

Sage grouse habitat conflicts 

Fencing/wildlife conflicts 
Elk herd distribution 

• summer segment distribution goals 

Funding 
Easement purchase 
Plan implementation 
1Endangered Species Act 
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changes in elk and bison distribution occur and 
new challenges develop.  The likely consequences 
of implementing these strategies were evaluated 
in the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously, systematically, 
slowly. The strategies discussed below have been 
developed in this context, with appropriate 
feedback mechanisms through rigorous 
monitoring and frequent evaluation.   
 
Winter Feeding 
Winter feeding parameters that could be 
modified include starting date, ending date, and 
daily ration.  To modify elk and bison behavior in 
the long run, delaying initiation of feeding is likely 
to have the greatest impact by gradually 
conditioning them to expect feed later on 
average.  To reduce supplemental feeding overall, 
ending feeding early would also help decrease 
the amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   
 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 5, Fig. 8).   Time of season could 
influence this interval, most likely shortening it as 
the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from ? [date] to ? [date].  Delaying feeding by two 
weeks in January, for example, is likely to be 
more successful than doing so in February, when 

food stress and tendency for animals to move to 
private lands is greater.  Forage availability could 
also have an influence, particularly if a freeze 
thaw event resulted in an acute and large 
reduction in available forage.  Both time of 
season and forage availability considerations 
would be affected by the numbers of elk and 
bison on the NER.  And finally, the distribution of 
animals, particularly on private, livestock 
producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer because of being displaced by 
more dominant animals.  Monitoring programs 
will include measures of calf mortality and it will 
be an influencing parameter in feedback 
mechanisms (Fig. 8).  The BEMP anticipated that 
elk mortality could increase from 1-2% overall to 
1-5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or ??% based on an average 
feeding season length of ?? weeks from 1996-
2015. 
 
The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites, in a larger geographic area, and on-going 
measurements at those sites throughout the 
winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 
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hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 5).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 
Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNP summer segment (since most 
park bulls migrate to the NER) would help inform 
levels of take proposed.  Bow hunting in areas 
currently closed to firearms will likely increase 
harvest by eliminating “no-hunt” areas which can 
become sanctuaries for large numbers of elk. 
Shifting the hunt one week later is consistent 
with later migrations and the availability of elk to 
harvest on the NER in recent years. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has lead to significant increases of winter 
elk concentrations on the NER.      
 
(Insert long-term elk arrival graph – Eric) 
 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
 
Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 5).  Consideration would be given to later 
hunt end dates commensurate with delayed 

feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary toward into the town 
of Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, State 
quotas will likely be reduced and management 
flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 
spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Fig. 9). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   
 
Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in some changes in bison and elk 
distribution (Appendix 1).  Some elk or bison may 
move to private lands in search of forage.  Of 
greatest concern is the potential for elk or bison 
to commingle with cattle of cow/calf operations, 
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where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 
Several strategies would be employed to mitigate 
potential problems (Table 5), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, 
[need to provide some examples],haze elk/bison 
away from livestock feed lines and purchase   
private lands easements to prevent co-mingling. 
acquisitions, and working with A vital component 
in implementing these mitigation measures is to 
establish three seasonal Wildlife Conflict 
Technicians position which are supervised by the    
WGFD. to create a private lands conflict 
mitigation and hunting coordinator position.  This 
position would assist both with elk and bison 
distribution issues and with facilitating higher elk 
harvests in Hunt Area 78. These Technicians are 
also critical to the success of an expanded 
monitoring program vital to the AMP  It would 
also be critical for accomplishing expanded 
monitoring associated with this plan (see 
Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMP mitigation efforts.  
 
Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.   
 
A double cattle guard will be installed on the 
Refuge Road just north of Broadway Avenue.  
This barrier is designed to prevent elk/bison from 
entering the Town of Jackson.    
 
Vegetation Restoration/Protection 

 
[NER and GTNP staff to draft material] 
 
Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012 [verify year].  ERP 
permit structures in the park will remain 
antlerless only unless the bull ratios consistently 
exceed 35:100 cows.  Park and refuge officials will 
work together to support this goal, recognizing 
that bulls harvested on the NER are most likely 
from the park summer herd segment. 
 
A private lands Hunting Coordinator Position 
would be established and supervised by the 
WGFD to promote and coordinate hunting 
activity focused on Southern Herd Segment 
harvest in and around private lands in the Spring 
Gulch Area north to Moose, WY (Hunt Area 78).   
to create a private lands conflict mitigation and 
hunting coordinator position.  This position would 
assist both with elk and bison distribution issues 
and with facilitating higher elk harvests in Hunt 
Area 78. 
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Table 5.  Comparison of current and adaptive primary management components and parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring: [incomplete]    
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold  <= 10%  
  Elk/bison distribution - visual    
  Elk/bison distribution –  
  collars 

   

  Winter mortality    
  Elk summer range 
  proportions 

   

    
Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 
   Structure  - 1 week initial drawing 

- 1 week left over 1st 
served 
- partial week alternate 

- 1 week initial drawing 
- 1 week left over 1st 
served 
- partial week alternate 
- daily 1st served 
alternates 

 

1Number elk and bison on feed per day, totaled by feeding season. 
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Table 5, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 

Table 5, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   Landscape damage    
   Easement acquisition    
[could be further organized 
geographically or by 
ranch/property] 

   

    
Vegetation Restoration/ 
Protection: Elk Refuge 

   

[to be completed]    
Vegetation Restoration/ 
Protection: Grand Teton 

   

[to be completed]    
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Figure 8.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure 9. [example] Framework for harvest strategy and adaptive management. 
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Strategies Considered But Rejected 

The BEMP considered several additional strategies for elk and bison management that, for a variety of 
reasons, were not selected for implementation in the preferred alternative and Record of Decision.  The 
agencies reconsidered a subset of these during the development of this AMP (Table ??).  Since they 
were not part of the ROD, additional NEPA compliance would be necessary to incorporate any of them 
into this adaptive management plan, and thus they are not being considered at this time.   

, 

 

MODELS OF SYSTEM DYNAMICS [Jeff] 

 

MONITORING [Eric] 

 

EVALUATION/FUTURE MANAGEMENT 

 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term 
commitment.  Change is unlikely to happen fast, 
and interpreting effects of adaptive management 
actions will be complicated by varying 
environmental conditions from year to year.  
Consequently, we anticipate that the strategies 

outlined in this plan will be in place for a 
minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 
an annual adaptive management update/report, 
completed by the end of March for the previous 
year.   

Table ??.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due to 

major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest herd 
segment in Hunt Area 78 on private lands, where federal 
agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for AMP 
because current hunting programs appear effective at slowly 
moving the herd toward the 500 animal herd objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands because 
current hunting programs that utilize sport hunters are 
effective at meeting herd objectives. 

Altering rations of supplemental feed? Perhaps refer to appendix or side bar/box 
Modifying herd objectives? Side bar/box discussion? 
  
  
1 Page 77 at http://www.fws.gov/bisonandelkplan/Final%20EIS/Volume%201/4_Chapter_2_Alternatives.pdf 
2 USFWS and NPS 2007? 
 

 

Commented [S9]: Add concept of annual reporting 
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PUBLIC OUTREACH AND EDUCATION [need input from group, Steve K] 

The practice of winter feeding is inexorably woven into the historic fabric of Jackson Hole.  Elk 
are identified with the rich and unique legacy for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding program will be a major paradigm shift for the 

residents of Jackson Hole, Teton County, and the State of Wyoming.   
An effective Public Outreach and Education program is essential for effective AMP 
implementation.  The practice of feeding elk evokes passionate responses from those that oppose 
and those that support this practice.  The general public and especially key stakeholder groups 
must understand the biological needs for and strategies of the AMP in order to gain general 
consent to modify longstanding elk/bison herd management methods.   
 
A Communications Plan outlining a detailed Public Outreach and Education Program is included 
in Appendix ??. 
SCHEDULE 
 

 

Table 10. [example] Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 
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BUDGET 

 

 

Table 11.  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Seasonal Biological Technician (0.5 FTE, GS-7) for 
enhanced Mmonitoring: $24,000 $25,000 $26,000 $27,000 $28,000 

     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment distribution1      
     Expanded standing forage estimates1      
     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; Iridium Platform $115,000 $25,000 $25,000 $25,000 $25,000 
Bison barrier at NER south entrance $80,000 $1,000 $1,000 $1,000 $1,000 
Adaptive Management Plan annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 
Private lands:      
     Easements / Acquisition      
     Damage reimbursements (Wyoming)      
     Conflict mitigation coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 
Vegetation restoration/protection1      
Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 

Subtotal      
Grand Teton National Park:      
Monitoring:      
     Summer elk classification/distribution      
     Hunter harvest      
     Harvest age distribution      
     Transition range forage production/utilization      
Vegetation Restoration/Protection      
     Temporary bison fencing      
     Hayfields restoration [perhaps acres/year]      
     Exotic plant mitigation      
     monitoring      
Elk Reduction Program      

Subtotal      
Wyoming Game and Fish Department:2      
Private lands:       
     elk harvest coordination      
     Easements / Acquisition      
     Damage reimbursements      
     Conflict mitigation coordination      

Subtotal      
Grand Total      
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APPENDIX __.  Summary of primary potential impacts associated with reduced supplemental feeding, as identified in alternative 4 environmental consequences section of the Final Bison and Elk Management Plan/Environmental Impact 
Statement (USFWS and USNPS 2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter forage production, assessments of forage utilization (done jointly by WGFD and NER personnel), elk condition and movements, and 

potentially on the January 1 index of winter severity calculations for elk (Farnes, Heydon, and Hansen 1999). 
• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition (negligible adverse effect on NER elk from lower nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider distribution. 
• Elk use of lands surrounding the NER would increase, including: 

o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNP 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and Gros Ventre segments. 
• As ungulate numbers decreased and supplemental feeding was reduced, competition and aggressive social interactions on the refuge would also be reduced. 
• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability would have a greater influence on numbers, movements, distribution, and mortality. 
• More elk would be subject to natural factors affecting mortality, including loss of body condition, predation, and starvation. 
• Increased mortality on and off the refuge would mainly affect older elk and calves, and some prime bulls entering the winter energetically stressed due to rut activities. 
• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due to tuberculosis, septicemic pasturelosis, and CWD. 
• The health and sustainability of the Jackson elk herd would be increased gradually as supplemental feeding was reduced and there was greater reliance on standing forage and wider ungulate distribution. 
• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and potential transmission of brucellosis, as well as potential for spread of diseases not yet in the population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, to coordinate actions that would prevent conflicts due to elk dispersal and to defray costs of managing potential conflicts. Preventing 
access to food/hay rewards on private lands would be vital for effective management. 



 

 25  
 

• Private land conservation easements within NER boundaries would promote wider distribution.  
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Communication Plan 
 
 
 
 

National Elk Refuge 
Adaptive Management 

Plan 



 

 

 
 

Background Information 
 

The U.S. Fish and Wildlife Service (USFWS, Service) 
and National Park Service began the planning process 
for a comprehensive Bison and Elk Management Plan 
in the spring of 2000. 

 
The preferred alternative in the Final Plan/EIS 
evolved after release of the Draft Plan/EIS in 2005, 
and subsequent analysis of more than 11,900 written 
comments and public testimony from private citizens, 
organizations, and other agencies. Changes included 
clarifying desired conditions to be achieved over 15 
years for the National Elk Refuge and Grand Teton 
National Park, and adopting an adaptive management 
approach for managing habitat and bison and elk 
populations. 

 
The Final Bison and Elk Management Plan/EIS was 
published in early February 2007 and finalized with 
the April 2007 signing of the Record of Decision. 

 
 

Communication Goals 
 

Prior to the Adaptive ManagmentManagement Plan’s 
Implementation 

 
�  Utilize a variety of outreach methods to inform 

the public on the goals and timing of the Adaptive 
Management Plan’s implementation and possible 
effects on wintering herds. 

�  Utilize a variety of outreach methods to inform the 
public on public comment opportunities. 

�  Identify and coordinate key messages and outreach 
with USFWS regional and national offices, State 
and federal agency partners, non-profits, elected 
officials, and other identified audiences. 

 
During the Adaptive Management Plan’s 
Implementation 

 
�  Continue to utilize a variety of outreach methods 

to describe current management actions as well 
as measurable and noticeable changes on the 
landscape, in animal behavior, or in animal health. 

�  Provide a comprehensive overview of the 
Adaptive Management Plan by providing links and 
references to previous outreach and background 
information. 

Communication Objectives 
 
�  Work with current media contacts to promote news 

of the Adaptive Management Plan via print, radio, 
Web, and social media platforms. 

�  Utilize new media and social media tools to provide 
information on why the Adaptive Management Plan 
was developed, what public comment opportunities 
exist, and how the plan is being implemented. 

�  Plan, coordinate, and execute public meetings to 
allow for public comment and questions on the plan. 

�  Develop and provide methods for the public 
to submit written comments on the Adaptive 
Management Plan. 

�  Monitor print media on Refuge elk and bison 
management to see how Adaptive Management 
Plan objectives and reactions are being portrayed 
to the public. 

 
 
Current Outreach Resources 
 
�  National Elk Refuge web site 
�  National Elk Refuge news release list 

(approximately  300 contacts) 
�  National Elk Refuge Twitter site (1,039 followers) 
�  Bison and Elk Management Plan web site (http:// 

www.fws.gov/bisonandelkplan/) 
�  Space for an 11” x 17” poster in the Visitor Center 

on Refuge management topics 
�  Display panels in the Visitor Center theater for 

temporary displays 
 
 
Available Supporting Outreach Resources 
�  USFWS Mountain–Prairie External Affairs staff 
�  USFWS Mountain–Prairie web site, including the 

“Top Stories” feature 
�  USFWS Mountain–Prairie Twitter site USFWS 

Mountain-Prairie Region Facebook page 
�  USFWS National Wildlife Refuge System 

Facebook page 
�   USFWS Facebook page 
 
 
Previous Outreach Efforts 
 
�  NER routinely writes and disseminates news 

releases on Refuge management activities, 
including the Comprehensive Conservation Plan, 
supplemental feeding, herd health monitoring, and 
forage production. 

�  Post the above news stories as Content 



 

 

 
 
 

Management System (CMS) articles. 
�  Post CMS news story promos so they 

prominently appear on the home page, linking 
readers to the articles. 

�  Send out Twitter messages linking viewers back to 
the news stories. 

�  Prepare, upload and provide links to Adobe PDF 
versions of news stories with addtional photos 
where additonal images are available and/or help 
understand or visualize the content. 

�  Utilized the Conservation link on the web Content 
Management System to post information about 
the Bison and Elk Management Plan and the draft 
Comprehensive Conservation Plan. 

�  Retained and provided a link to the original Bison 
and Elk Management web page (http://www.fws. 
gov/bisonandelkplan/) that was developed during 
the planning process. The web site includes links 
to the Final Plan/EIS, Record of Decision, Federal 
Register Notice of Availability for both the Record 
of Decision and Final Plan/EIS, associated news 
releases, public meeting highlights, and other 
related documents. Note: the National Elk Refuge 
does not manage the site. 

 
 

Additional Outreach Opportunities 
�  Public meetings in Jackson and other identified 

locations. 
�  Service–produced video; video could be posted to 

the National Elk Refuge’s multimedia web page, or 
USFWS Mountain–Prairie home page “Top Video” 
feature. 

�  Live radio interview on KHOL (Jackson, WY radio) 
�  Wyoming Public Radio interview with Refuge 

management staff 
�  Interviews with local print media sources 
�  Updates at community leader meetings such as 

Rotary Club, Jackson Hole Chamber of Commerce 
board meetings, and interagency breakfast 
meetings (with Federal agencies and local elected 
officials). 

 
 

Target Audiences 
 
Internal: 

 
�  Regional and National USFWS Leadership 
�  Refuge permanent staff 
�  Refuge seasonal staff 
�  Refuge volunteers 

External: 
�  Congressional representatives 
�  State of Wyoming leadership 
�  Federal agency partners, particulary Grand Teton 

National Park and the Bridger–Teton National 
Forest 

�  Wyoming Game & Fish Department 
�  Other NER partners, including county and town 

agencies and local nonprofit organizations 
�  Local elected officials 
�  Private landowners in proximity to the National 

Elk Refuge or neighboring Federal lands 
�  Tribes 
�  Local and state media 
�  Local public 
 
Key Outreach Topics: 

a. Overview of BEMP objectives 
b. Strategy to change elk/bison behavior 
c. Threat of disease 
d. Natural mortality rates 
e. Anticipated winter distribution 

changes for bison/elk 
f. Mitigate negative effects on private 

lands 
g. Change elk behavior and distribution 

while avoiding increased mortality. 
h. Explain the historic reasons a 

supplemental feeding program began 
and why it was continued.   

i. Explain the NER’s limited large 
ungulate carrying capacity and the 
disproportionate impact of bison on 
available forage; 3 elk = 1 bison. 
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From: Steve Cain
To: Steve Kallin
Subject: Re: AMP Additions
Date: Tuesday, July 14, 2015 7:54:59 AM
Attachments: NER AMP Draft v1.8 7-13-15.docx

Hi Steve,

Here is the document with all the latest put in.  I still need to go through and assign table and
figure numbers for the modeling and monitoring sections, which I can do tonight.  If you have
additional changes you want before tomorrow morning, please use track changes and send
them to me on this version by the end of today.  I won't have time to do a lot but will try to do
anything you deem very important.  Feel free to call today if we need to discuss anything - I
will be at the Foundation all day but can take time to talk.

Steve

On Mon, Jul 13, 2015 at 5:40 PM, Steve Kallin <steve_kallin@fws.gov> wrote:

Steve:

 

Sorry I couldn’t get this to you earlier in the day.  I haven’t had a chance to review
comments from GTNP but will tomorrow.  Call any time for clarification. 

 

Thanks again!

 

Steve Kallin

Project Leader

National Elk Refuge

PO Box 510

675 East Broadway

Jackson, WY 83001

Phone: (307) 201-5409

Fax: (307) 733-9729

steve_kallin@fws.gov
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies a large area in the 
upper Snake River watershed north of the town 
of Jackson (Fig. 1).  Much of the herd is migratory, 
moving between distinct wintering and summer 
ranges.  Primary wintering areas include the 
Buffalo Valley, lower elevations of the Gros 
Ventre River drainage, the National Elk Refuge 
(NER), and areas adjacent to the NER on Bridger-
Teton National Forest (BTNF) lands.  Summering 
areas occur throughout the herd’s range and for 
convenience are divided into four geographic 
regions that include Grand Teton National Park 
(GTNP), Yellowstone National Park (YNP), the 
Gros Ventre drainage, and Teton Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 
“tusk hunters” and large-scale commercial 

hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
and federal officials in Jackson Hole, to begin 
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feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 
reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 

Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
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An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 

Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 
Preserve, Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 

to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and the bison are now fed 
more than a maintenance ration to reduce 
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 
 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
_).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt administered by WGFD.  This plan was 

halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig _).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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bison and elk management focused on four broad 
goals: 1) sustaining native habitat; 2) promoting 
sustainable populations; 3) maintaining 
population sizes; and 4) preventing spread of 
disease.  The primary management scenarios 
presented in the alternatives included the status 
quo, terminating elk and bison hunting on the 
NER and elk hunting in GTNP, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk Adaptive 
Management Plan was developed to address the 
latter need specifically (Fig. 4).  It does not 
address other on-going bison and elk 
management actions already prescribed by the 
BEMP. 
 
As of March 2015, two court rulings have upheld 
the 2007 BEMP and ROD. In a lawsuit against the  
BEMP and its author agencies (Defenders of 
Wildlife et al. v. the U.S. Department of Interior 
and State of Wyoming 2010), plaintiffs argued 
that the BEMP violated the National Wildlife 
Refuge System Improvement Act (National 
Wildlife Refuge System Improvement Act 1997) 
by disrupting the biological integrity of the 
Refuge, and that the plan and the accompanying 
EIS violated NEPA because they were 
insufficiently detailed to allow a reasonably 
complete discussion of mitigation. The crux of the 
plaintiff’s argument was that the plan did not set 
a specific date for the cessation of supplemental 

feeding. In response, the agencies argued that 
the plan constituted a valid exercise of discretion 
and that it and the EIS were sufficiently detailed 
to satisfy the requirements of NEPA.  In March 
2010 the United States 4th District Court sided in 
favor of the agencies in this case.  In 2011 the 
plaintiffs appealed this ruling to the United States 
4th Circuit Court.  The Circuit Court affirmed the 
District Court ruling (Defenders of Wildlife et al. v. 
the U.S. Department of Interior and State of 
Wyoming 2011).   
 
 [any additional BEMP background needed in 
Intro?] 
 
National Environmental Protection Act 
Compliance 
 

The 1970 National Environmental Protection Act 
(NEPA; 42 U.S.C. 4321 et seq.) established 
national environmental policy and goals for the 
protection, maintenance, and enhancement of 
the environment on and provides a process for 
implementing these goals within the federal 
agencies.   Section 102 requires federal agencies 
to incorporate environmental considerations in 
their planning and decision-making through a 
systematic interdisciplinary approach. 
Specifically, all federal agencies are to prepare 
statements assessing the environmental impact 
of and alternatives to federal actions affecting 
the environment. Statements typically occur at 
three levels of analysis: categorical exclusion 
determination; preparation of an environmental 
assessment/finding of no significant impact 
(EA/FONSI); and, for major federal actions, 
preparation of an environmental impact 
statement (EIS).  

 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
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not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   

 
Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 

planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 
objectives, 2 knowledge of the dynamics of the 
system being managed, 3) clearly articulated 
management actions and strategies, and 4) a 
monitoring program to evaluate responses of the 
system to management actions (Walters 1986).   
 

 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 
goals, 20 associated objectives were addressed 

(Table 1).  This adaptive management plan 
addresses four objectives under the goal of 
sustainable populations (Fig. 6). 
 
In Phase 1 of the second objective, the aim is to 
reduce the average number of elk on feed to 
5,000 (while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP-adopted objective of 500. In 
Phase 2, the overall objective is to reduce the 
reliance of bison and elk on supplemental feed 
(USFWS and USNPS 2007a).  Desired conditions 
include animals relying predominantly on native 

Table 1.  2007 Bison/Elk Management Plan Goals 
and Objectives (Adaptive Management Plan 
objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives: 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 

• Phase reduction of animals on feed: 1) to 
5,000 elk and 500 bison, and 2) elk and 
bison rely predominantly on native habitat. 

• Maintain natural bull-to-cow ratios in park 
summer herd. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 11,000. 
• Maintain a genetically viable bison 

population of about 500 animals. 
Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk from 
elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

• Educate hunters about wildlife disease 
human health hazards. 
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habitat and cultivated forage. Important 
consideration criteria for implementing Phase 2 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
private lands during high risk disease 
transmission periods, 4) maintaining desirable 

winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 

 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  

The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The adaptive 
management approach will necessarily be one of 
trial and error, constant evaluation, modifications 
to approach when indicated, and repeated trials 
(Fig 4).  As such the approach will also be 
experimental, but it will be guided by rigorous 
analysis and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,000 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 

to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000.  Unfortunately, however, its winter 
distribution has changed fundamentally, favoring 
an increasing trend of even higher proportions of 
the herd on NER feed during winter (Fig. 6). [add 
additional information Doug B. presented at one 
of our meetings] 
 
The factors responsible for this change are 
unknown but are likely a combination of weather 
conditions, elk behavior and shifts in elk 
distribution, possibly influenced by the presence 
of wolves in some historic native winter ranges.  
Regardless of the reason, this trend is the reverse 
of what is desired and will make achieving the 
Phase I objective of 5,000 elk on feed, and future 
reductions, more difficult.  
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013, and in recent years irrigation of 
approximately 3,600 acres has increased forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes will have implications for elk 
and bison management. 
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[any other changes to include here?] 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.   
 
Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 

cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs per acre at key index sites 
and is considered conservative in terms of elk 
nutritional needs. Available winter forage for elk 
and bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  

 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 
lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February classification 
counts, 2011–2013, relative to the current objective. [update through 2015] 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range1 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 
 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56) hunters harvested 161 (SD = 38) elk per 
year during the NER hunt. 

  
The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 7).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 

NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5) 
bison per year.  This level of harvest has been 
sufficient to arrest the exponential growth of the 
population, reducing bison numbers from the 
peak in 2007 to about 700 animals in winter 2015 
(Fig 3). Tribal bison harvest of up to 5 animals for 
ceremonial purposes was authorized in the 
BEMP.  Translocation of wild bison to lands 
outside of Teton County is not currently 
permitted due to brucellosis concerns.  

Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions. For example, an emergency extension 
of the season (up to 31 January) could occur if 
mild winter conditions precluded desired harvest 
earlier in the season, while an emergency closure 
may be necessary if winter conditions required 
feeding to commence before the predetermined 
season end date.  
 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER rear around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 

 
  Figure 7.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease within several days to weeks of the 
bison season in an effort to increase hunter 
harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 
implementation, followed by what remains to be 
accomplished] 
 
[Eric, anything you want to include in this section 
for NER?  Think in terms of providing background 
(current management) for anything you want to 
include in the budget for future actions 
(management strategies), so when it comes time 
to ask our agencies for funds it will be covered] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 

difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 
  
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
includes ground counts of animals on feed at the 
NER and aerial counts of outlying bison across 
their winter ranges on the refuge, park, and 
Bridger-Teton National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 
that winter would equal 5,000 elk X 100 days = 
50,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 25,000. 
 
We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 
bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 

strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Several management constraints are common to 
the strategies discussed below (Table 4).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements.  
Similarly, compliance with the Wyoming greater 
sage-grouse core area protection executive order 
(2011-5) could restrict habitat manipulations.  
NEPA compliance conducted as part of the 
BEMP/EIS constrains what federal actions can be 
taken as a part of this plan.  State regulations 
constrain late (winter) hunt and carcass disposal 
timing to protect against brucellosis 
contamination, since February-April represent 
the period bison and elk are most likely to 
transmit the disease.  Restrictions on hunting 
timing also result from BTNF winter range 
closures, immediately east of the NER and 
elsewhere, December 1 to April 30.  Additional 
details about these and other constraints will be 
included in discussions about specific strategies 
that follow. 
 
Strategies 
 
Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies for 
initiating change involve several flexible 
parameters of winter feeding and harvest.  To a 
lesser extent, vegetation protection and 
restoration can be important, particularly for 
improving long-term ecological balance and 
enhancing natural production of native forage.  
Private lands are also an integral component as 
changes in elk and bison distribution occur and 
new challenges develop.  The likely consequences 
of implementing these strategies were evaluated 
in the BEMP.  The most relevant of these are 
summarized in Appendix 1. 

Table 4. Summary of Adaptive Management 
Plan constraints.  
Policy 
ESA1 Lynx – limits on habitat impacts 
Greater Sage Grouse – core area protection 
2007 BEMP/EIS (federal actions/lands) 

• No fertility control 
• No test and slaughter 
• Limited tribal harvest 

Bison/elk hunt end date (Feb. 1st)  
• WGFD, brucellosis safety 

Carcass disposal (Feb. 15th) 
• WGFD, brucellosis safety 

Forest Service winter closure (Dec. 1st – April 30th) 

Easement limitation (NER boundary) 
Winter Feeding 
Only during non-hunting periods 
Harvest 
State regulations 
Vegetation Restoration/Protection 
Bison/elk distribution 
Exotic species management 
Private Lands  
Owner agreements 
Social 
Hunter density 

Elk/bison winter mortality levels 

Public safety (ungulate/vehicle collisions) 

Disease  

Land-use conflicts (agricultural and residential) 

Biological 

Disease (bison/elk/cattle commingling) 

Sage grouse habitat conflicts 

Fencing/wildlife conflicts 
Elk herd distribution 

• summer segment distribution goals 

Funding 
Easement purchase 
Plan implementation 
1Endangered Species Act 
 

 

Commented [S8]: We could continue to discuss the remainder 
of constraints here if preferred. 
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Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously, systematically, 
slowly. The strategies discussed below have been 
developed in this context, with appropriate 
feedback mechanisms through rigorous 
monitoring and frequent evaluation.   
 
Winter Feeding 
Winter feeding parameters that could be 
modified include starting date, ending date, and 
daily ration.  To modify elk and bison behavior in 
the long run, delaying initiation of feeding is likely 
to have the greatest impact by gradually 
conditioning them to expect feed later on 
average.  To reduce supplemental feeding overall, 
ending feeding early would also help decrease 
the amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   
 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 5, Fig. 8).   Time of season could 
influence this interval, most likely shortening it as 
the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from ? [date] to ? [date].  Delaying feeding by two 
weeks in January, for example, is likely to be 
more successful than doing so in February, when 
food stress and tendency for animals to move to 
private lands is greater.  Forage availability could 
also have an influence, particularly if a freeze 
thaw event resulted in an acute and large 
reduction in available forage.  Both time of 

season and forage availability considerations 
would be affected by the numbers of elk and 
bison on the NER.  And finally, the distribution of 
animals, particularly on private, livestock 
producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer because of being displaced by 
more dominant animals.  Monitoring programs 
will include measures of calf mortality and it will 
be an influencing parameter in feedback 
mechanisms (Fig. 8).  The BEMP anticipated that 
elk mortality could increase from 1-2% overall to 
1-5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or ??% based on an average 
feeding season length of ?? weeks from 1996-
2015. 
 
The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites, in a larger geographic area, and on-going 
measurements at those sites throughout the 
winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 
hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 5).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 

Commented [S9]: Eric 
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Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNP summer segment (since most 
park bulls migrate to the NER) would help inform 
levels of take proposed.  Bow hunting in areas 
currently closed to firearms will likely increase 
harvest by eliminating “no-hunt” areas which can 
become sanctuaries for large numbers of elk. 
Shifting the hunt one week later is consistent 
with later migrations and the availability of elk to 
harvest on the NER in recent years. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has lead to significant increases of winter 
elk concentrations on the NER.    
 
[Insert long-term elk arrival graph – Eric] 
 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
 
Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 5).  Consideration would be given to later 
hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 

objective of 500 animals continues and the 
objective is reached in the near future, State 
quotas will likely be reduced and management 
flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 
spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Fig. 9). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   
 
Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
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Several strategies would be employed to mitigate 
potential problems (Table 5), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 
purchase private lands easements to prevent co-
mingling. A vital component in implementing 
these mitigation measures is to establish three 
seasonal Wildlife Conflict Technicians position 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the AMP 
(see Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMP mitigation efforts.  
 
Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    
 
Vegetation Restoration/Protection 
 
[NER and GTNP staff to draft material] 
 

Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 
 
A private lands Hunting Coordinator Position 
would be established and supervised by the 
WGFD to promote and coordinate hunting 
activity focused on Southern Herd Segment 
harvest in and around private lands in the Spring 
Gulch Area north to Moose, WY (Hunt Area 78).    
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Table 5 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold  <= 10%  
  Elk/bison distribution - visual    
  Elk/bison distribution –  
  collars 

   

  Winter mortality    
  Elk summer range 
  proportions 

   

    
Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 
   Structure  - 1 week initial drawing 

- 1 week left over 1st 
served 
- partial week alternate 

- 1 week initial drawing 
- 1 week left over 1st 
served 
- partial week alternate 
- daily 1st served 
alternates 

 

1Number elk and bison on feed per day, totaled by feeding season. 
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Table 5, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 
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Table 5, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   Landscape damage    
   Easement acquisition    
[could be further organized 
geographically or by 
ranch/property] 

   

    
Vegetation Restoration/ 
Protection: Elk Refuge 

   

    
Vegetation Restoration/ 
Protection: Grand Teton 
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Figure 8.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure 9. [example] Framework for harvest strategy and adaptive management. 
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Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMP (Table ??).  Since they were not part of the 
ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management plan, and thus they are 
not being considered at this time.   

 

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation of winter feeding).  
 
[Paragraph on sources of error if needed? Should 
include process error in calf survival model.] 
 
Elk winter distribution model 
 
The proportion of the JEH that winter on the NER 
will be linked to factors hypothesized to influence 

elk winter distribution (Fig. 2) using a generalized 
linear mixed effects model (GLMM). A GLMM can 
account for a proportional response variable (i.e., 
constrained to the interval 0–1) using a log link 
and binomially-distributed errors. A GLMM also 
includes fixed and random effects, with the latter 
capturing residual model variance otherwise not 
explained by fixed effects. Year will be including 
as a random effect, providing several benefits. 
First, we don’t assume years are independent and 
comprise all of the factor levels of interest. 
Instead, the effect of year is treated as a random 
variable, with individual year effects realizations 
of that distribution. This allows inference to non-
sampled factor levels, i.e. years, by estimating a 

Table ??.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due to 

major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest herd 
segment in Hunt Area 78 on private lands, where federal 
agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for AMP 
because current hunting programs appear effective at slowly 
moving the herd toward the 500 animal herd objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands because 
current hunting programs that utilize sport hunters are 
effective at meeting herd objectives. 

Altering rations of supplemental feed? Perhaps refer to appendix or side bar/box 
Modifying herd objectives? Side bar/box discussion? 
  
  
1 Page 77 at http://www.fws.gov/bisonandelkplan/Final%20EIS/Volume%201/4_Chapter_2_Alternatives.pdf 
2 USFWS and NPS 2007? 
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latent population-level proportion of elk 
expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect 
can be considered a latent variable describing elk 
behavior manifested as observed winter 
distribution. Second, because year effects are not 
treated as independent, estimated effects of year 
on the proportion of JEH elk wintering on the NER 
are dependent on all factor levels, leading to 
greater precision when estimating individual year 
effects (Kéry 2010).  
 
The full GLMM incorporating fixed effects for 
each factor identified as influencing elk winter 
distribution (Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 + 
𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝑆𝑆𝑡𝑡 + 𝜀𝜀𝑡𝑡 

 
where the random intercept and residual model 
variance are 
 
𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0

2 ), and 
 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
 
Fixed effects include 1) per capita available 
forage at initiation of winter feeding (AFI) , 2) 
proportion of the JEH that are short-distance 
migrants (SDM), 3) number of wolf packs present 
on JEH native winter range (WP), 4) growing 
season (May–August) precipitation for the 
Wyoming Snake Drainage climate division (GSP; a 
proxy for available forage on native winter 
range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early 
winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. 
(2003) has as an output weekly available forage 
biomass for the NER (sum of predictions for 30 × 
30 m cells). These predictions account for snow 
conditions using a proxy of SWE and decrement 
total available biomass by 35% to account for 
unpalatable plants within the total estimate.  

 
While calf survival is a function of multiple factors 
(Fig. 3), the primary management action 
influencing calf survival is supplemental winter 
feeding. Current winter feeding initiation criteria 
lead to calf survival generally higher than in unfed 
populations. Proposed feeding initiation criteria 
will result in later initiation of supplemental feed, 
which will be most influential to calf survival. 
There is currently little understanding regarding 
the relationship between initiation of winter 
feeding and calf survival, except that current 
feeding initiation criteria result in high calf 
survival. We believe a threshold level of available 
forage at initiation of winter feeding exists such 
that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized 
to decline quickly with reductions in available 
forage at winter feeding initiation. Available 
forage at the initiation of winter feeding will be 
related to on elk calf winter survival using a 
saturating function (i.e., Holling type-II functional 
response; Fig. 6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf 
survival is related to available forage. Maximum 
calf survival is a, and b represents the value of 
available forage to an individual when survival is 
50% of a (Hilborn and Mangel 1997).  
 
 
Although this approach doesn’t capture forage 
deficits per se, it does provide a potentially 
sensitive proxy for this concept. It is assumed 
that a forage deficit for calves would occur at a 
point on the curve of the relationship between 
calf survival and available forage at initiation of 
supplemental feeding. Modeling the response of 
winter calf elk survival to changes in feeding 
initiation criteria facilitates our ability to 
maximize the influence of feeding initiation 
criteria on winter distribution while minimizing 
the likelihood of a large mortality event.   

Commented [WJ10]: I’m not comfortable with this 
interpretation yet and need to think about it some more.  

Commented [WJ11]: This doesn’t currently have a term for 
hunting, although our conceptual model above does. Need to 
decide if we want to include or exclude here. 

Commented [WJ12]: Will need a more formal explanation of 
these variables and how they will be collected. May fit best in the 
monitoring section. 

Commented [WJ13]: If we use Hobbs’ model for predicting 
available forage these may be redundant. 

Commented [WJ14]: Put in winter feeding initiation paragraph 
above? Then note where more samples are necessary to improve 
the precision of the estimates. Need to run this model from 2007 
forward to see where, on average, feeding was initiated so we can 
make treatment adjustments as necessary. This would also allow us 
to look at the relationship between key index sites estimates and 
Hobbs’ predictions. Need to consider validating Hobbs’ model with 
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MONITORING  
 
Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers; and 3) extending the monitoring 
period later in the winter to assess the 
relationship between available forage and elk and 
bison distribution. 

 
To better represent the total amount of forage 
available on the southern half of NER, a 
subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional random sample sites 
stratified by elk habitat preference will be added.   
Historic elk distribution mapping and elk GPS 
collar data (NER unpublished data) suggest that 
the areas most preferred by elk on southern NER 
are associated with moderate to high forage 
production and green vegetation.  Because the 
distribution of forage production and greenness 
characteristics vary annually based on irrigation 
and precipitation patterns, we will annually map 
areas preferred and not preferred by elk and 
sample sites will be randomly selected within 

 

Figure_. Hypothesized relationship between winter survival of elk calves and per capita available forage at 
initiation of winter feeding on the National Elk Refuge.  
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each of these mapped categories.   At least 3 
historic key index sites, 3 random sites in areas 
preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 
 
Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average 
forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the 
monitoring period will be extended to include the 
intervening 2 weeks.   
 
Proportion of Elk Wintering on NER 
 
A principal AMP goal is to reduce the number of 
elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 

each year, we will calculate the proportion of 
total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 
running average post AMP implementation to the 
pre-implementation baseline.  The pretreatment 
baseline will be comprised of data from  2008-
2015(16?), a time period that represents BEMP 
implementation prior to AMP actions (Figure #).   
 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMP implicitly assume that the 
transmission rate and prevalence of elk and bison 
diseases are density dependent and positively 
correlated with the number of elk and bison 
utilizing feedgrounds and the number of days 
they are fed.  We further assume the variables 
elk-fed-eays (EFD) and bison-fed-days (BFD) are a 
proxy for these conditions. EFD and BFD will be 
calculated annually for each species based on the 
following formulas:  
 
EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 

 

Figure_. Proportion of the Jackson Elk Herd that was 
classified on NER feedgrounds in the period following 
implementation of the Bison and Elk Management Plan 
and prior to the implementation of the Adaptive 
Management Plan (2008-2015).  These values 
represent the pretreatment baseline which will be 
compared to the 3 year running average post AMP 
implementation. 
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BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 
comparing the 3-year running average post AMP 
implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account forwide annual variation in EFD and BFD 
associated with winter severity (Figure #) 
 
Elk Winter Mortality Monitoring 
 

NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMP implementation, 
which will allow trend comparisons to the pre 
AMP baseline (Figure #).  Under the AMP 
framework, we believe the 3 year running 
averages for total and calf winter elk mortality 
will be within the range of variation exhibited by 
the pre AMP baseline.  Historic monitoring 
suggests that calf and total mortality are sensitive 
to winter severity and disease outbreaks, and 
that winter mortality occasionally exceeds >3% 
total mortality and >10% calf mortality.  Post 
AMP mortality in excess of these levels may 
warrant shortening the 2-week feeding initiation 
delay in subsequent years. 
 

 

Figure_. Total and calf elk winter mortality (%) on NER 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the pretreatment 
baseline which will be compared to the 3 year running 
average post AMP implementation. 
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Figure_. Elk Fed Days (EFD) and Bison Fed Days (BFD) 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 
3 year running average EFD and BFD post AMP 
implementation. 
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Elk Collaring 
 
One of the AMP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas.  To quantify this effect and provide real 
time information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 
sample of 50 GPS collars on elk that winter on 
NER throughout the AMP implementation period.  
Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This 
sample size will not be sufficient to detect all elk 
movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk 
movements from NER to surrounding private 
lands will increase during the AMP 
implementation period compared to the pre-
treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 
is the season when changes to the NER feeding 
program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 

Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 
need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis  
process includes brucellosis seroprevalence,  
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 
Cost estimate for Elk Collaring Project: 
$115,500 first year costs with $29,200 in 2017 
and $29,200 in 2018 to maintain sample size for 3 
years post AMP implementation. 
Total cost=$173,900 
 
Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post AMP 
implementation.  There are no recent brucellosis 
seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk 
collaring operations in winter 2016, and each elk 
will be tested for Brucellosis exposure.  The 2016 
Brucellosis seroprevalence rate will be the pre-
treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 
introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 
management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 

Commented [S18]: Put in budget table 
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CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 
technicians working from September-December 

are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 

 

 
EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 

strategies outlined in this plan will be in place for 
a minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 
an annual adaptive management update/report, 
completed by NER staff by the end of March for 
the previous year.  

 

PUBLIC OUTREACH AND EDUCATION  
The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMP 
implementation.  The practice of feeding elk 
evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMP in order to gain general 
consent to modify longstanding elk/bison herd 
management methods. 
 
[the remainder of this section is a draft 
communication plan that could be put in an 
appendix] 
 
Communication Goals 
 
Prior to the Adaptive Management Plan’s 
Implementation 

 
• Utilize a variety of outreach methods to 

inform the public on the goals and timing of 
the Adaptive Management Plan’s 
implementation and possible effects on 
wintering herds. 

• Utilize a variety of outreach methods to inform 
the public on public comment opportunities. 

• Identify and coordinate key messages and 
outreach with USFWS regional and national 
offices, State and federal agency partners, non-
profits, elected officials, and other identified 
audiences. 

 
During the Adaptive Management Plan’s 
Implementation 
 
Continue to utilize a variety of outreach methods 
to describe current management actions as well 
as measurable and noticeable changes on the 
landscape, in animal behavior, or in animal health. 
Provide a comprehensive overview of the 

 
 

Adaptive Management Plan by providing links and 
references to previous outreach and background 
information. 
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Communication Objectives 
 
• Work with current media contacts to promote 

news of the Adaptive Management Plan via 
print, radio, Web, and social media platforms. 

• Utilize new media and social media tools to 
provide information on why the Adaptive 
Management Plan was developed, what public 
comment opportunities exist, and how the 
plan is being implemented. 

• Plan, coordinate, and execute public meetings 
to allow for public comment and questions on 
the plan. 

• Develop and provide methods for the 
public to submit written comments on 
the Adaptive Management Plan. 

• Monitor print media on Refuge elk and bison 
management to see how Adaptive 
Management Plan objectives and reactions 
are being portrayed to the public. 

 
Current Outreach Resources 
 
• National Elk Refuge web site 
• National Elk Refuge news release list 
• (approximately  300 contacts) 
• National Elk Refuge Twitter site (1,039 

followers) 
• Bison and Elk Management Plan web site 

(http://www.fws.gov/bisonandelkplan/) 
• Space for an 11” x 17” poster in the Visitor 

Center on Refuge management topics 
• Display panels in the Visitor Center theater 

for temporary displays 
 
Available Supporting Outreach Resources 
 
• USFWS Mountain–Prairie External Affairs staff 
• USFWS Mountain–Prairie web site, including 

the 
• “Top Stories” feature 
• USFWS Mountain–Prairie Twitter site 

USFWS Mountain-Prairie Region Facebook 
page 

• USFWS National Wildlife Refuge System 
• Facebook page 
• USFWS Facebook page 

 
Previous Outreach Efforts 
 
• NER routinely writes and disseminates news 

releases on Refuge management activities, 
including the Comprehensive Conservation 
Plan, supplemental feeding, herd health 
monitoring, and forage production.  

• Post the above news stories as Content. 
• Management System (CMS) articles. 
• Post CMS news story promos so they 

prominently appear on the home page, linking 
readers to the articles. 

• Send out Twitter messages linking viewers back 
to the news stories. 

• Prepare, upload and provide links to Adobe 
PDF versions of news stories with addtional 
photos where additonal images are available 
and/or help understand or visualize the 
content. 

• Utilized the Conservation link on the web 
Content 

• Management System to post information about 
the Bison and Elk Management Plan and the 
draft Comprehensive Conservation Plan. 

• Retained and provided a link to the original 
Bison and Elk Management web page 
(http://www.fws. gov/bisonandelkplan/) that 
was developed during the planning process. 
The web site includes links to the Final 
Plan/EIS, Record of Decision, Federal Register 
Notice of Availability for both the Record of 
Decision and Final Plan/EIS, associated news 
releases, public meeting highlights, and other 
related documents. Note: the National Elk 
Refuge does not manage the site. 

 
Additional Outreach Opportunities 

 
• Public meetings in Jackson and other identified 

locations. 
• Service–produced video; video could be posted 

to the National Elk Refuge’s multimedia web 
page, or USFWS Mountain–Prairie home page 
“Top Video” feature. 

• Live radio interview on KHOL (Jackson, WY 
radio) 
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• Wyoming Public Radio interview with 
Refuge management staff 

• Interviews with local print media sources 
• Updates at community leader meetings such as 

Rotary Club, Jackson Hole Chamber of 
Commerce board meetings, and interagency 
breakfast meetings (with Federal agencies and 
local elected officials). 

 
Target Audiences 
 
Internal 
• Regional and National USFWS Leadership 
• Refuge permanent staff 
• Refuge seasonal staff 
• Refuge volunteers 
 
External 
• Congressional representatives 
• State of Wyoming leadership 
• Federal agency partners, particulary Grand 

Teton National Park and the Bridger–Teton 
National Forest 

• Wyoming Game & Fish Department 
• Other NER partners, including county and 

town agencies and local nonprofit 
organizations 

• Local elected officials 
• Private landowners in proximity to the National 
• Elk Refuge or neighboring Federal lands 
• Tribes 
• Local and state media 
• Local public 
 
Key Outreach Topics 
 
• Overview of BEMP objectives 
• Strategy to change elk/bison behavior 
• Threat of disease 
• Natural mortality rates 
• Anticipated winter distribution changes for 

bison/elk 
• Mitigate negative effects on private lands 
• Change elk behavior and distribution while 

avoiding increased mortality. 
• Explain the historic reasons a supplemental 

feeding program began and why it was 
continued.   

• Explain the NER’s limited large ungulate 
carrying capacity and the disproportionate 
impact of bison on available forage; 3 elk = 1 
bison. 

 

 

  



 

 29  
 

SCHEDULE 

 

 

Table 10.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 
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BUDGET 

 

 

Table 11 [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Seasonal Biological Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 
     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment distribution1      
     Expanded standing forage estimates1      
     Chronic Wasting Disease, 2 seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 
     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; Iridium Platform $115,000 $25,000 $25,000 $25,000 $25,000 
Bison barrier at NER south entrance $80,000 $1,000 $1,000 $1,000 $1,000 
Adaptive Management Plan annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 
Private lands:      
     Easements / Acquisition      
     Damage reimbursements (Wyoming)      
     Conflict mitigation coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 
Vegetation restoration/protection1      
Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 

Subtotal      
Grand Teton National Park:      
Monitoring:      
     Summer elk classification/distribution      
     Hunter harvest      
     Harvest age distribution      
     Transition range forage production/utilization      
Vegetation Restoration/Protection      
     Temporary bison fencing      
     Hayfields restoration      
     Exotic plant mitigation      
     monitoring      
Elk Reduction Program      

Subtotal      
Wyoming Game and Fish Department:2      
Private lands:       
     elk harvest coordination      
     Easements / Acquisition      
     Damage reimbursements      
     Conflict mitigation coordination      

Add additional lines and categories as needed 
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APPENDIX 1.  Summary of primary potential impacts associated with reduced supplemental feeding, as identified in alternative 4 
environmental consequences section of the Final Bison and Elk Management Plan/Environmental Impact Statement (USFWS and USNPS 
2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter forage production, assessments of forage 

utilization (done jointly by WGFD and NER personnel), elk condition and movements, and potentially on the January 1 index of winter 
severity calculations for elk (Farnes, Heydon, and Hansen 1999). 

• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition (negligible adverse effect on NER elk from lower 

nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider distribution. 
• Elk use of lands surrounding the NER would increase, including: 

o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNP 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and Gros Ventre segments. 
• As ungulate numbers decreased and supplemental feeding was reduced, competition and aggressive social interactions on the refuge 

would also be reduced. 
• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability would have a greater influence on 
numbers, movements, distribution, and mortality. 

• More elk would be subject to natural factors affecting mortality, including loss of body condition, predation, and starvation. 
• Increased mortality on and off the refuge would mainly affect older elk and calves, and some prime bulls entering the winter 

energetically stressed due to rut activities. 
• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due to tuberculosis, septicemic pasturelosis, 
and CWD. 

• The health and sustainability of the Jackson elk herd would be increased gradually as supplemental feeding was reduced and there was 
greater reliance on standing forage and wider ungulate distribution. 

• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and potential transmission of brucellosis, as well as 

potential for spread of diseases not yet in the population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, to coordinate actions that would 
prevent conflicts due to elk dispersal and to defray costs of managing potential conflicts. Preventing access to food/hay rewards on 
private lands would be vital for effective management. 

• Private land conservation easements within NER boundaries would promote wider distribution.  

  



 

 34  
 

APPENDIX 2.  Monitoring Supplemental Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured at every 5 steps along the random bearing determined for each site.  At each subplot a 13.27” 
diameter metal sampling ring will be placed on the ground. The amount of forage available to elk within the sampling ring (dry weight in grams) 
will be visually estimated.  The 13.27” diameter subplot allows easy conversion from grams to lbs. per acre (each gram is equivalent to 100 lbs. 
per acre). During annual forage production sampling, refuge biologist Eric Cole has made approximately 1,000 of these visual estimates per year 
for 17 years, and 33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will be the principal estimator, but 
additional personnel will be trained in these techniques to provide redundancy in the event of personnel changes, and to increase the number of 
observers to facilitate estimation of error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward when snow cover is limited, but estimating how 
much of the forage is accessible to elk when snow is dense, deep and crusted can be subjective.  To decrease the subjectivity of the estimation 
process, if the area under the sample ring is covered with snow, only forage that can be exposed with a gloved hand will be included in the 
estimate of available forage.  Forage that is fouled with manure and/or flush with the ground due to trampling and/or encrusted in ice will not 
be included in the estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an equivalent lbs./acre value (1 gram=100 lbs./acre).   The 
arithmetic mean of available forage (lbs./acre) for the 10 subplots provides an estimate of available forage for each index site.  There are 3 
sample site categories: 1) Historic  Key Index Sites that have been used since 2007, 2) New randomly selected sites within areas preferred by elk, 
and 3) New randomly selected sites in areas not preferred by elk.  Historic key index sites were not randomly selected, but were instead selected 
to represent areas most preferred by elk on the south end of NER.  These were the sites used to determine when supplemental feeding would 
be initiated from 2007 until the implementation of the AMP.  To facilitate comparison with pre-AMP data, we will continue to use mean lbs. per 
acre across historic key index sites to determine the 300 lbs. per acre threshold.  However, post AMP implementation we will delay feeding 
initiation by 2 weeks once the 300 lbs./acre level has been reached.  We will concurrently sample at randomly selected sites stratified on an 
annual basis between areas highly preferred and not highly preferred by elk.  This will enable us to quantify the relationship between mean 
forage availability at historic key index sites and random sites over time. 
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies a large area in the 
upper Snake River watershed north of the town 
of Jackson (Fig. 1).  Much of the herd is migratory, 
moving between distinct wintering and summer 
ranges.  Primary wintering areas include the 
Buffalo Valley, lower elevations of the Gros 
Ventre River drainage, the National Elk Refuge 
(NER), and areas adjacent to the NER on Bridger-
Teton National Forest (BTNF) lands.  Summering 
areas occur throughout the herd’s range and for 
convenience are divided into four geographic 
regions that include Grand Teton National Park 
(GTNP), Yellowstone National Park (YNP), the 
Gros Ventre drainage, and Teton Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 
“tusk hunters” and large-scale commercial 

hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
and federal officials in Jackson Hole, to begin 
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feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 
reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 

Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
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An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 

Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 
Preserve, Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 

to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and the bison are now fed 
more than a maintenance ration to reduce 
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 
 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
_).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt administered by WGFD.  This plan was 

halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig _).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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bison and elk management focused on four broad 
goals: 1) sustaining native habitatHabitat 
Conservation; 2) promoting sustainable 
populationsSustainable Populations; 3) 
maintaining population sizesNumbers of Elk and 
Bison; and 4) preventing spread of 
diseaseDisease Management.  The primary 
management scenarios presented in the 
alternatives included the status quo, terminating 
elk and bison hunting on the NER and elk hunting 
in GTNP, brucellosis vaccination options, 
restoring habitat, improving forage, and 
decreasing or phasing out supplemental winter 
feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk Adaptive 
Management Plan was developed to address the 
latter need specificallyand specifically addresses 
the criteria for a structured framework listed on 
page 5 of the Record of Decision (Fig. 4).  It does 
not address other on-going bison and elk 
management actions already prescribed by the 
BEMP. 
 
The BEMP scheduled the completion of an 
Adaptive Management Plan for 2008.  However, 
litigation challenging the BEMP in 2008 lead to 
the decision to postpone its development until 
litigation was resolved.  As of March 2015, two 
court rulings have upheld the 2007 BEMP and 
ROD. In a lawsuit against the  BEMP and its 
author agencies (Defenders of Wildlife et al. v. 
the U.S. Department of Interior and State of 
Wyoming 2010), plaintiffs argued that the BEMP 

violated the National Wildlife Refuge System 
Improvement Act (National Wildlife Refuge 
System Improvement Act 1997) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 
agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling 
(Defenders of Wildlife et al. v. the U.S. 
Department of Interior and State of Wyoming 
2011).   
 
 [any additional BEMP background needed in 
Intro?] 
 
National Environmental Protection Act 
Compliance 
 

The 1970 National Environmental Protection Act 
(NEPA; 42 U.S.C. 4321 et seq.) established 
national environmental policy and goals for the 
protection, maintenance, and enhancement of 
the environment on and provides a process for 
implementing these goals within the federal 
agencies.   Section 102 requires federal agencies 
to incorporate environmental considerations in 
their planning and decision-making through a 
systematic interdisciplinary approach. 
Specifically, all federal agencies are to prepare 
statements assessing the environmental impact 
of and alternatives to federal actions affecting 
the environment. Statements typically occur at 
three levels of analysis: categorical exclusion 
determination; preparation of an environmental 
assessment/finding of no significant impact 
(EA/FONSI); and, for major federal actions, 
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preparation of an environmental impact 
statement (EIS).  

 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 

will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   

 
Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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objectives, 2 knowledge of the dynamics of the 
system being managed, 3) clearly articulated 
management actions and strategies, and 4) a 
monitoring program to evaluate responses of the 
system to management actions (Walters 1986).   
 

 
OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 

goals, 20 associated objectives were addressed 
(Table 1).  This adaptive management plan 
addresses four objectives under the goal of 
sustainable populations (Fig. 6). 
 
In Phase 1 of the second objective, the aim is to 
reduce the average number of elk on feed to 
5,000 (while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP-adopted objective of 500. In 
Phase 2, the overall objective is to reduce the 
reliance of bison and elk on supplemental feed 

Table 1.  2007 Bison/Elk Management Plan Goals 
and Objectives (Adaptive Management Plan 
objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives: 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 

• Phase reduction of animals on feed: 1) to 
5,000 elk and 500 bison, and 2) elk and 
bison rely predominantly on native habitat. 

• Maintain natural bull-to-cow ratios in park 
summer herd. 

• Ensure a genetically viable bison herd with 
close to an even sex ratio. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 11,000. 
• Maintain a genetically viable bison 

population of about 500 animals. 
Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk from 
elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

 d  h  b  ldl f  d  
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(USFWS and USNPS 2007a).  Desired conditions 
include animals relying predominantly on native 
habitat and cultivated forage. Important 
consideration criteria for implementing Phase 2 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
private lands during high risk disease 

transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 

 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background  
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Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The adaptive 

management approach will necessarily be one of 
trial and error, constant evaluation, modifications 
to approach when indicated, and repeated trials 
(Fig 4).  As such the approach will also be 
experimental, but it will be guided by rigorous 
analysis and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,0001,200 animals 
in 2007 to about 700 during winter 2014-2015 
(Fig. 3) through hunting programs administered 
by WGFD.  Licensing changes were enacted in 
2014 to help increase harvest of female bison. 
These included a reduction in the bison cow/calf 
license fee (from $416 to $263 for residents and 
$2522 to $1022 for non-residents) and 
eliminating the once-in-a-lifetime restriction on a 
successful bison hunter to only those that 
successfully harvested a bull. Continued progress 
toward the 500 animal herd objective will require 
sustained harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000.  Unfortunately, however, its winter 
distribution has changed fundamentally, favoring 
an increasing trend of even higher proportions of 
the herd on NER feed during winter (Fig. 6). [add 
additional information Doug B. presented at one 
of our meetings] 
 
The factors responsible for this change are 
unknown but are likely a combination of weather 
conditions, elk behavior and shifts in elk 
distribution, possibly influenced by the presence 
of wolves in some historic native winter ranges.  
Regardless of the reason, this trend is the reverse 
of what is desired and will make achieving the 
Phase I objective of 5,000 elk on feed, and future 
reductions, more difficult.  
 

Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013, and in recent years irrigation of 
approximately 3,600 acres has increased forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes will have implications for elk 
and bison management. 
 
[any other changes to include here?] 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.   
 
Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs/ac.  The purpose of this 
feeding trigger is to keep elk on the NER and 
prevent them from searching off-refuge for 
forage which increases the potential of 
comingling.  This trigger is not a warning that a 
significant nutritional deficit threshold has been 
reached.  per acre at key index sites and is 
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considered conservative in terms of elk 
nutritional needs. Available winter forage for elk 
and bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 

elk-cattle comingling problems on nearby private 
lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 

feedgrounds and native range is shown in Table 
2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56) hunters harvested 161 (SD = 38) elk per 
year during the NER hunt. 

  
The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 7).  Season 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February classification 
counts, 2011–2013, relative to the current objective. [update through 2015] 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range1 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 
 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5) 
bison per year.  This level of harvest has been 
sufficient to arrest the exponential growth of the 
population, reducing bison numbers from the 
peak in 2007 to about 700 animals in winter 2015 
(Fig 3). Tribal bison harvest of up to 5 animals for 
ceremonial purposes was authorized in the 
BEMP.  Translocation of wild bison to lands 
outside of Teton County is not currently 
permitted due to brucellosis concerns.  

Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 

conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions. For example, an emergency extension 
of the season (up to 31 January) could occur if 
mild winter conditions precluded desired harvest 
earlier in the season, while an emergency closure 
may be necessary if winter conditions required 
feeding to commence before the predetermined 
season end date.  
 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER rear year around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 
and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease within several days to weeks of 
before the bison season in an effort to increase 
hunter harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 
implementation, followed by what remains to be 
accomplished] 
 

 
  Figure 7.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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[Eric, anything you want to include in this section 
for NER?  Think in terms of providing background 
(current management) for anything you want to 
include in the budget for future actions 
(management strategies), so when it comes time 
to ask our agencies for funds it will be covered] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 

Methods, Assumptions, and Constraints 
Common to All Strategies 
  
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
occurs one day in early February and  includes 
ground counts of animals on feed at the NER and 
aerial counts of outlying bison across their winter 
ranges on the refuge, park, and Bridger-Teton 
National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 
that winter would equal 5,000 elk X 100 days = 
50,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 25,000. 
 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 

bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Implementation of the AMP will have successfully 
attained the objective of “transitioning from 
intensive supplemental winter feeding to greater 
reliance on free-standing forage” when 
supplemental feeding was not used for more 
than 50% of the years in a 5 year period.    
 
Several management constraints are common to 
the strategies discussed below (Table 4).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements.  
Similarly, compliance with the Wyoming greater 
sage-grouse core area protection executive order 
(2011-5) could restrict habitat manipulations.  
NEPA compliance conducted as part of the 
BEMP/EIS constrains what federal actions can be 
taken as a part of this plan.  State regulations 
constrain late (winter) hunt and carcass disposal 
timing to protect against brucellosis 
contamination, since February-April represent 
the period bison and elk are most likely to 
transmit the disease.  Restrictions on hunting 
timing also result from BTNF winter range 
closures, immediately east of the NER and 
elsewhere, December 1 to April 30.  Additional 
details about these and other constraints will be 
included in discussions about specific strategies 
that follow. 
 
Strategies 
 
Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies for 
initiating change involve several flexible 
parameters of winter feeding and harvest.  To a 
lesser extent, vegetation protection and 

Table 4. Summary of Adaptive Management 
Plan constraints.  
Policy 
-ESA1 Lynx – limits on habitat impacts 
-Greater Sage Grouse – core area protection 
-2007 BEMP/EIS (federal actions/lands) 

• No fertility control 
• No test and slaughter 
• Limited tribal harvest 

-Bison/elk hunt end date (Feb. 1st)  
• WGFD, brucellosis safety 

Carcass disposal (Feb. 15th) 
• WGFD, brucellosis safety 

Forest Service winter closure (Dec. 1st – April 30th) 

Easement limitation (NER boundary) 
Winter Feeding 
Only during non-hunting periods 
Harvest 
State regulations 
Vegetation Restoration/Protection 
?Bison/elk distribution 
?Exotic plant species management 
Private Lands  
Owner agreements 
Social 
Hunter density (safety; hunt quality) 

Elk/bison winter mortality levels 

Public safety (ungulate/vehicle collisions) 

Disease  

Land-use conflicts (agricultural and residential) 

Biological 

Disease (bison/elk/cattle commingling) 

Sage grouse habitat conflicts 

Fencing/wildlife conflicts 
Elk herd distribution 

• summer segment distribution goals 

Funding 
Easement purchase 
Plan implementation 
1Endangered Species Act 
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restoration can be important, particularly for 
improving long-term ecological balance and 
enhancing natural production of native forage.  
Private lands are also an integral component as 
changes in elk and bison distribution occur and 
new challenges develop.  The likely consequences 
of implementing these strategies were evaluated 
in the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously, systematically, 
slowly. The strategies discussed below have been 
developed in this context, with appropriate 
feedback mechanisms through rigorous 
monitoring and frequent evaluation.   
 
Winter Feeding 
Winter feeding parameters that could be 
modified include starting date, ending date, and 
daily ration.  To modify elk and bison behavior in 
the long run, delaying initiation of feeding is likely 
to have the greatest impact by gradually 
conditioning them to expect feed later on 
average.   
 
To reduce supplemental feeding overall, ending 
feeding early would also help decrease the 
amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   
 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 5, Fig. 8).   Time of season could 
influence this interval, most likely shortening it as 

the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from ? [date] to ? [date].  Delaying feeding by two 
weeks in January, for example, is likely to be 
more successful than doing so in February, when 
food stress and tendency for animals to move to 
private lands is greater.  Forage availability could 
also have an influence, particularly if a freeze 
thaw event resulted in an acute and large 
reduction in available forage.  Both time of 
season and forage availability considerations 
would be affected by the numbers of elk and 
bison on the NER.  And finally, the distribution of 
animals, particularly on private, livestock 
producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer because of being displaced by 
more dominant animals.  Monitoring programs 
will include measures of calf mortality and it will 
be an influencing parameter in feedback 
mechanisms (Fig. 8).  The BEMP anticipated that 
elk mortality could increase from 1-2% overall to 
1-5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or ??% based on an average 
feeding season length of ?? weeks from 1996-
2015. 
 
The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites, in a larger geographic area, and on-going 
measurements at those sites throughout the 
winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 
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flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 
hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 5).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 
Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNP summer segment (since most 
park bulls migrate to the NER) would help inform 
levels of take proposed.  Bow hunting in areas 
currently closed to firearms will likely increase 
harvest by eliminating “no-hunt” areas which can 
become sanctuaries for large numbers of elk. 
Shifting the hunt one week later is consistent 
with later migrations and the availability of elk to 
harvest on the NER in recent yearswill improve 
harvest effectiveness. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has lead to significant increases of winter 
elk concentrations on the NER.    
 
[Insert long-term elk arrival graph – Eric] 
 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 

necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
 
Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 5).  Consideration would be given to later 
hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, State 
quotas will likely be reduced and management 
flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 
spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Fig. 9). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   
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Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 
Several strategies would be employed to mitigate 
potential problems (Table 5), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 
purchase private lands easements to prevent co-
mingling. A vital component in implementing 
these mitigation measures is to establish three 
seasonal Wildlife Conflict Technicians positions 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the AMP 
(see Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMP mitigation efforts.  
 
Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    

 
Vegetation Restoration/Protection 
 
[NER and GTNP staff to draft material] 
 
Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 
 
A private lands Hunting Coordinator Position 
would be established and supervised by the 
WGFD to promote and coordinate hunting 
activity focused on Southern Herd Segment 
harvest in and around private lands in the Spring 
Gulch Area north to Moose, WY (Hunt Area 78).    
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Table 5 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold  <= 10%  
  Elk/bison distribution - visual    
  Elk/bison distribution –  
  collars 

   

  Winter mortality    
  Elk summer range 
  proportions 

   

    
Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 
   Structure  - 1 week initial drawing 

- 1 week left over 1st 
served 
- partial week alternate 

- 1 week initial drawing 
- 1 week left over 1st 
served 
- partial week alternate 
- daily 1st served 
alternates 

 

1Number elk and bison on feed per day, totaled by feeding season. 
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Table 5, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 
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Table 5, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   ?Landscape damage    
   Easement acquisition    
[could be further organized 
geographically or by 
ranch/property] 

   

    
?Vegetation Restoration/ 
Protection: Elk Refuge 

   

    
?Vegetation Restoration/ 
Protection: Grand Teton 
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Figure 8.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure 9. [example] Framework for harvest strategy and adaptive management. 
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Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMP (Table ??).  Since they were not part of the 
ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management plan, and thus they are 
not being considered at this time.   

 

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation of winter feeding).  
 
[Paragraph on sources of error if needed? Should 
include process error in calf survival model.] 
 
Elk winter distribution model 
 
The proportion of the JEH that winter on the NER 
will be linked to factors hypothesized to influence 

elk winter distribution (Fig. 2) using a generalized 
linear mixed effects model (GLMM). A GLMM can 
account for a proportional response variable (i.e., 
constrained to the interval 0–1) using a log link 
and binomially-distributed errors. A GLMM also 
includes fixed and random effects, with the latter 
capturing residual model variance otherwise not 
explained by fixed effects. Year will be including 
as a random effect, providing several benefits. 
First, we don’t assume years are independent and 
comprise all of the factor levels of interest. 
Instead, the effect of year is treated as a random 
variable, with individual year effects realizations 
of that distribution. This allows inference to non-
sampled factor levels, i.e. years, by estimating a 

Table ??.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due to 

major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest herd 
segment in Hunt Area 78 on private lands, where federal 
agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for AMP 
because current hunting programs appear effective at slowly 
moving the herd toward the 500 animal herd objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands because 
current hunting programs that utilize sport hunters are 
effective at meeting herd objectives. 

Altering rations of supplemental feed? Perhaps refer to appendix or side bar/box 
Modifying herd objectives? Side bar/box discussion? 
  
  
1 Page 77 at http://www.fws.gov/bisonandelkplan/Final%20EIS/Volume%201/4_Chapter_2_Alternatives.pdf 
2 USFWS and NPS 2007? 
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latent population-level proportion of elk 
expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect 
can be considered a latent variable describing elk 
behavior manifested as observed winter 
distribution. Second, because year effects are not 
treated as independent, estimated effects of year 
on the proportion of JEH elk wintering on the NER 
are dependent on all factor levels, leading to 
greater precision when estimating individual year 
effects (Kéry 2010).  
 
The full GLMM incorporating fixed effects for 
each factor identified as influencing elk winter 
distribution (Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 + 
𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝑆𝑆𝑡𝑡 + 𝜀𝜀𝑡𝑡 

 
where the random intercept and residual model 
variance are 
 
𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0

2 ), and 
 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
 
Fixed effects include 1) per capita available 
forage at initiation of winter feeding (AFI) , 2) 
proportion of the JEH that are short-distance 
migrants (SDM), 3) number of wolf packs present 
on JEH native winter range (WP), 4) growing 
season (May–August) precipitation for the 
Wyoming Snake Drainage climate division (GSP; a 
proxy for available forage on native winter 
range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early 
winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. 
(2003) has as an output weekly available forage 
biomass for the NER (sum of predictions for 30 × 
30 m cells). These predictions account for snow 
conditions using a proxy of SWE and decrement 
total available biomass by 35% to account for 
unpalatable plants within the total estimate.  

 
While calf survival is a function of multiple factors 
(Fig. 3), the primary management action 
influencing calf survival is supplemental winter 
feeding. Current winter feeding initiation criteria 
lead to calf survival generally higher than in unfed 
populations. Proposed feeding initiation criteria 
will result in later initiation of supplemental feed, 
which will be most influential to calf survival. 
There is currently little understanding regarding 
the relationship between initiation of winter 
feeding and calf survival, except that current 
feeding initiation criteria result in high calf 
survival. We believe a threshold level of available 
forage at initiation of winter feeding exists such 
that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized 
to decline quickly with reductions in available 
forage at winter feeding initiation. Available 
forage at the initiation of winter feeding will be 
related to on elk calf winter survival using a 
saturating function (i.e., Holling type-II functional 
response; Fig. 6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf 
survival is related to available forage. Maximum 
calf survival is a, and b represents the value of 
available forage to an individual when survival is 
50% of a (Hilborn and Mangel 1997).  
 
 
Although this approach doesn’t capture forage 
deficits per se, it does provide a potentially 
sensitive proxy for this concept. It is assumed 
that a forage deficit for calves would occur at a 
point on the curve of the relationship between 
calf survival and available forage at initiation of 
supplemental feeding. Modeling the response of 
winter calf elk survival to changes in feeding 
initiation criteria facilitates our ability to 
maximize the influence of feeding initiation 
criteria on winter distribution while minimizing 
the likelihood of a large mortality event.   

Commented [WJ27]: I’m not comfortable with this 
interpretation yet and need to think about it some more.  

Commented [WJ28]: This doesn’t currently have a term for 
hunting, although our conceptual model above does. Need to 
decide if we want to include or exclude here. 

Commented [WJ29]: Will need a more formal explanation of 
these variables and how they will be collected. May fit best in the 
monitoring section. 

Commented [WJ30]: If we use Hobbs’ model for predicting 
available forage these may be redundant. 

Commented [WJ31]: Put in winter feeding initiation paragraph 
above? Then note where more samples are necessary to improve 
the precision of the estimates. Need to run this model from 2007 
forward to see where, on average, feeding was initiated so we can 
make treatment adjustments as necessary. This would also allow us 
to look at the relationship between key index sites estimates and 
Hobbs’ predictions. Need to consider validating Hobbs’ model with 
field sampling Eric is currently designing to see if we can use the 
Hobbs model moving forward. This would take some time with 
stripping the Hobbs model down to our needs, identifying data 
sources, and developing a workflow process so weekly estimates of 
available forage can be calculated. Would only be able to use snow 
data from SNOTEL sites that have data available online, which 
shouldn’t be too much of a problem.  

Commented [KD32]: Need a citation here. 

Commented [KD33]: OK, what are the differences in survival 
between fed and unfed calves;, i.e, give the reader an idea of what 
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of time is the calculation of survival made?  12 months, or just over 
the period the calves are fed. 

Commented [UFS34]: Here it is again.  What is this and what is 
its significance in management? 



 

 23  
 

 
MONITORING  
 
Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers; and 3) extending the monitoring 
period later in the winter to assess the 
relationship between available forage and elk and 
bison distribution. 

 
To better represent the total amount of forage 
available on the southern half of NER, a 
subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional random sample sites 
stratified by elk habitat preference will be added.   
Historic elk distribution mapping and elk GPS 
collar data (NER unpublished data) suggest that 
the areas most preferred by elk on southern NER 
are associated with moderate to high forage 
production and green vegetation.  Because the 
distribution of forage production and greenness 
characteristics vary annually based on irrigation 
and precipitation patterns, we will annually map 
areas preferred and not preferred by elk and 
sample sites will be randomly selected within 

 

Figure_. Hypothesized relationship between winter survival of elk calves and per capita available forage at 
initiation of winter feeding on the National Elk Refuge.  
 

Commented [KS35]: Let’s discuss. 
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each of these mapped categories.   At least 3 
historic key index sites, 3 random sites in areas 
preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 
 
Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average 
forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the 
monitoring period will be extended to include the 
intervening 2 weeks.   
 
Proportion of Elk Wintering on NER 
 
A principal AMP goal is to reduce the number of 
elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 

each year, we will calculate the proportion of 
total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 
running average post AMP implementation to the 
pre-implementation baseline.  The pretreatment 
baseline will be comprised of data from  2008-
2015(16?), a time period that represents BEMP 
implementation prior to AMP actions (Figure #).   
 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMP implicitly assume that the 
transmission rate and prevalence of elk and bison 
diseases are density dependent and positively 
correlated with the number of elk and bison 
utilizing feedgrounds and the number of days 
they are fed.  We further assume the variables 
elk-fed-eays (EFD) and bison-fed-days (BFD) are a 
proxy for these conditions. EFD and BFD will be 
calculated annually for each species based on the 
following formulas:  
 
EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 

 

Figure_. Proportion of the Jackson Elk Herd that was 
classified on NER feedgrounds in the period following 
implementation of the Bison and Elk Management Plan 
and prior to the implementation of the Adaptive 
Management Plan (2008-2015).  These values 
represent the pretreatment baseline which will be 
compared to the 3 year running average post AMP 
implementation. 
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BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 
comparing the 3-year running average post AMP 
implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account forwide annual variation in EFD and BFD 
associated with winter severity (Figure #) 
 
Elk Winter Mortality Monitoring 
 

NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMP implementation, 
which will allow trend comparisons to the pre 
AMP baseline (Figure #).  Under the AMP 
framework, we believe the 3 year running 
averages for total and calf winter elk mortality 
will be within the range of variation exhibited by 
the pre AMP baseline.  Historic monitoring 
suggests that calf and total mortality are sensitive 
to winter severity and disease outbreaks, and 
that winter mortality occasionally exceeds >3% 
total mortality and >10% calf mortality.  Post 
AMP mortality in excess of these levels may 
warrant shortening the 2-week feeding initiation 
delay in subsequent years. 
 

 

Figure_. Total and calf elk winter mortality (%) on NER 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the pretreatment 
baseline which will be compared to the 3 year running 
average post AMP implementation. 
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Figure_. Elk Fed Days (EFD) and Bison Fed Days (BFD) 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 
3 year running average EFD and BFD post AMP 
implementation. 
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Elk Collaring 
 
One of the AMP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas.  To quantify this effect and provide real 
time information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 
sample of 50 GPS collars on elk that winter on 
NER throughout the AMP implementation period.  
Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This 
sample size will not be sufficient to detect all elk 
movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk 
movements from NER to surrounding private 
lands will increase during the AMP 
implementation period compared to the pre-
treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 
is the season when changes to the NER feeding 
program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 

Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 
need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis  
process includes brucellosis seroprevalence,  
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 
Cost estimate for Elk Collaring Project: 
$115,500 first year costs with $29,200 in 2017 
and $29,200 in 2018 to maintain sample size for 3 
years post AMP implementation. 
Total cost=$173,900 
 
Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post AMP 
implementation.  There are no recent brucellosis 
seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk 
collaring operations in winter 2016, and each elk 
will be tested for Brucellosis exposure.  The 2016 
Brucellosis seroprevalence rate will be the pre-
treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 
introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 
management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 

Commented [S37]: Put in budget table 
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collected during the herd health monitoring project?  May want to 
contact Lee to see how available it is. 
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CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 
technicians working from September-December 

are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 

 

 
EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 

strategies outlined in this plan will be in place for 
a minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 
an annual adaptive management update/report, 
completed by NER staff by the end of March for 
the previous year.  

 

PUBLIC OUTREACH AND EDUCATION  
The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMP 
implementation.  The practice of feeding elk 
evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMP in order to gain general 
consent to modify longstanding elk/bison herd 
management methods. 
 
[the remainder of this section is a draft 
communication plan that could be put in an 
appendix] 
 
Communication Goals 
 
Prior to the Adaptive Management Plan’s 
Implementation 

 
• Utilize a variety of outreach methods to 

inform the public on the goals and timing of 
the Adaptive Management Plan’s 
implementation and possible effects on 
wintering herds. 

• Utilize a variety of outreach methods to inform 
the public on public comment opportunities. 

• Identify and coordinate key messages and 
outreach with USFWS regional and national 
offices, State and federal agency partners, non-
profits, elected officials, and other identified 
audiences. 

 
During the Adaptive Management Plan’s 
Implementation 
 
Continue to utilize a variety of outreach methods 
to describe current management actions as well 
as measurable and noticeable changes on the 
landscape, in animal behavior, or in animal health. 
Provide a comprehensive overview of the 

 
 

Adaptive Management Plan by providing links and 
references to previous outreach and background 
information. 
 

Commented [KS39]: Yes, let’s put in an appendix. 
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Communication Objectives 
 
• Work with current media contacts to promote 

news of the Adaptive Management Plan via 
print, radio, Web, and social media platforms. 

• Utilize new media and social media tools to 
provide information on why the Adaptive 
Management Plan was developed, what public 
comment opportunities exist, and how the 
plan is being implemented. 

• Plan, coordinate, and execute public meetings 
to allow for public comment and questions on 
the plan. 

• Develop and provide methods for the 
public to submit written comments on 
the Adaptive Management Plan. 

• Monitor print media on Refuge elk and bison 
management to see how Adaptive 
Management Plan objectives and reactions 
are being portrayed to the public. 

 
Current Outreach Resources 
 
• National Elk Refuge web site 
• National Elk Refuge news release list 
• (approximately  300 contacts) 
• National Elk Refuge Twitter site (1,039 

followers) 
• Bison and Elk Management Plan web site 

(http://www.fws.gov/bisonandelkplan/) 
• Space for an 11” x 17” poster in the Visitor 

Center on Refuge management topics 
• Display panels in the Visitor Center theater 

for temporary displays 
 
Available Supporting Outreach Resources 
 
• USFWS Mountain–Prairie External Affairs staff 
• USFWS Mountain–Prairie web site, including 

the 
• “Top Stories” feature 
• USFWS Mountain–Prairie Twitter site 

USFWS Mountain-Prairie Region Facebook 
page 

• USFWS National Wildlife Refuge System 
• Facebook page 
• USFWS Facebook page 

 
Previous Outreach Efforts 
 
• NER routinely writes and disseminates news 

releases on Refuge management activities, 
including the Comprehensive Conservation 
Plan, supplemental feeding, herd health 
monitoring, and forage production.  

• Post the above news stories as Content. 
• Management System (CMS) articles. 
• Post CMS news story promos so they 

prominently appear on the home page, linking 
readers to the articles. 

• Send out Twitter messages linking viewers back 
to the news stories. 

• Prepare, upload and provide links to Adobe 
PDF versions of news stories with addtional 
photos where additonal images are available 
and/or help understand or visualize the 
content. 

• Utilized the Conservation link on the web 
Content 

• Management System to post information about 
the Bison and Elk Management Plan and the 
draft Comprehensive Conservation Plan. 

• Retained and provided a link to the original 
Bison and Elk Management web page 
(http://www.fws. gov/bisonandelkplan/) that 
was developed during the planning process. 
The web site includes links to the Final 
Plan/EIS, Record of Decision, Federal Register 
Notice of Availability for both the Record of 
Decision and Final Plan/EIS, associated news 
releases, public meeting highlights, and other 
related documents. Note: the National Elk 
Refuge does not manage the site. 

 
Additional Outreach Opportunities 

 
• Public meetings in Jackson and other identified 

locations. 
• Service–produced video; video could be posted 

to the National Elk Refuge’s multimedia web 
page, or USFWS Mountain–Prairie home page 
“Top Video” feature. 

• Live radio interview on KHOL (Jackson, WY 
radio) 
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• Wyoming Public Radio interview with 
Refuge management staff 

• Interviews with local print media sources 
• Updates at community leader meetings such as 

Rotary Club, Jackson Hole Chamber of 
Commerce board meetings, and interagency 
breakfast meetings (with Federal agencies and 
local elected officials). 

 
Target Audiences 
 
Internal 
• Regional and National USFWS Leadership 
• Refuge permanent staff 
• Refuge seasonal staff 
• Refuge volunteers 
 
External 
• Congressional representatives 
• State of Wyoming leadership 
• Federal agency partners, particulary Grand 

Teton National Park and the Bridger–Teton 
National Forest 

• Wyoming Game & Fish Department 
• Other NER partners, including county and 

town agencies and local nonprofit 
organizations 

• Local elected officials 
• Private landowners in proximity to the National 
• Elk Refuge or neighboring Federal lands 
• Tribes 
• Local and state media 
• Local public 
 
Key Outreach Topics 
 
• Overview of BEMP objectives 
• Strategy to change elk/bison behavior 
• Threat of disease 
• Natural mortality rates 
• Anticipated winter distribution changes for 

bison/elk 
• Mitigate negative effects on private lands 
• Change elk behavior and distribution while 

avoiding increased mortality. 
• Explain the historic reasons a supplemental 

feeding program began and why it was 
continued.   

• Explain the NER’s limited large ungulate 
carrying capacity and the disproportionate 
impact of bison on available forage; 3 elk = 1 
bison. 
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SCHEDULES 
 

 

AMP Implementation Schedule 

 

 Action Date 
1 GPS Collar 30-40 elk prior to strategy implementation (Iridium platform) February 2016 
2. Public outreach and education March 2016 
3. Initiate private lands conflicts mitigation contacts/actions March 1, 2016 
4. Implement enhanced forage monitoring  March 1, 2016 
5. Initiate changes in supplemental feeding protocol January 2017 
6 Monitoring/Evaluation/Annual Report June 2017 

 

Table 10.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 
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BUDGET 

 

 

Table 11 [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Seasonal Biological 
Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 

     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment 
distribution1      

     Expanded standing forage 
estimates1      

     Chronic Wasting Disease, 2 
seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 

     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; 
Iridium Platform $115,000 $25,00029,000 $25,00029,000 $25,00030,000 $25,00030,000 

Bison barrier at NER south 
entrance $80,000 $1,000 $1,000 $1,000 $1,000 

Adaptive Management Plan 
annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 

Private lands:      
     Easements / Acquisition      
     Damage reimbursements 
(Wyoming)      

     Conflict mitigation 
coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 

Vegetation 
restoration/protection1      

Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 
Subtotal      

Grand Teton National Park:      
Monitoring:      
     Summer elk 
classification/distribution      

     Hunter harvest      
     Harvest age distribution      
     Transition range forage 
production/utilization      

Vegetation 
Restoration/Protection      

     T  bi  f i       
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APPENDIX 1.  Summary of primary potential impacts associated with reduced supplemental feeding, as identified in alternative 4 
environmental consequences section of the Final Bison and Elk Management Plan/Environmental Impact Statement (USFWS and USNPS 
2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter forage production, assessments of forage 

utilization (done jointly by WGFD and NER personnel), elk condition and movements, and potentially on the January 1 index of winter 
severity calculations for elk (Farnes, Heydon, and Hansen 1999). 

• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition (negligible adverse effect on NER elk from lower 

nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider distribution. 
• Elk use of lands surrounding the NER would increase, including: 

o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNP 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and Gros Ventre segments. 
• As ungulate numbers decreased and supplemental feeding was reduced, competition and aggressive social interactions on the refuge 

would also be reduced. 
• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability would have a greater influence on 
numbers, movements, distribution, and mortality. 

• More elk would be subject to natural factors affecting mortality, including loss of body condition, predation, and starvation. 
• Increased mortality on and off the refuge would mainly affect older elk and calves, and some prime bulls entering the winter 

energetically stressed due to rut activities. 
• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due to tuberculosis, septicemic pasturelosis, 
and CWD. 

• The health and sustainability of the Jackson elk herd would be increased gradually as supplemental feeding was reduced and there was 
greater reliance on standing forage and wider ungulate distribution. 

• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and potential transmission of brucellosis, as well as 

potential for spread of diseases not yet in the population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, to coordinate actions that would 
prevent conflicts due to elk dispersal and to defray costs of managing potential conflicts. Preventing access to food/hay rewards on 
private lands would be vital for effective management. 

• Private land conservation easements within NER boundaries would promote wider distribution.  
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APPENDIX 2.  Monitoring Supplemental Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured at every 5 steps along the random bearing determined for each site.  At each subplot a 13.27” 
diameter metal sampling ring will be placed on the ground. The amount of forage available to elk within the sampling ring (dry weight in grams) 
will be visually estimated.  The 13.27” diameter subplot allows easy conversion from grams to lbs. per acre (each gram is equivalent to 100 lbs. 
per acre). During annual forage production sampling, refuge biologist Eric Cole has made approximately 1,000 of these visual estimates per year 
for 17 years, and 33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will be the principal estimator, but 
additional personnel will be trained in these techniques to provide redundancy in the event of personnel changes, and to increase the number of 
observers to facilitate estimation of error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward when snow cover is limited, but estimating how 
much of the forage is accessible to elk when snow is dense, deep and crusted can be subjective.  To decrease the subjectivity of the estimation 
process, if the area under the sample ring is covered with snow, only forage that can be exposed with a gloved hand will be included in the 
estimate of available forage.  Forage that is fouled with manure and/or flush with the ground due to trampling and/or encrusted in ice will not 
be included in the estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an equivalent lbs./acre value (1 gram=100 lbs./acre).   The 
arithmetic mean of available forage (lbs./acre) for the 10 subplots provides an estimate of available forage for each index site.  There are 3 
sample site categories: 1) Historic  Key Index Sites that have been used since 2007, 2) New randomly selected sites within areas preferred by elk, 
and 3) New randomly selected sites in areas not preferred by elk.  Historic key index sites were not randomly selected, but were instead selected 
to represent areas most preferred by elk on the south end of NER.  These were the sites used to determine when supplemental feeding would 
be initiated from 2007 until the implementation of the AMP.  To facilitate comparison with pre-AMP data, we will continue to use mean lbs. per 
acre across historic key index sites to determine the 300 lbs. per acre threshold.  However, post AMP implementation we will delay feeding 
initiation by 2 weeks once the 300 lbs./acre level has been reached.  We will concurrently sample at randomly selected sites stratified on an 
annual basis between areas highly preferred and not highly preferred by elk.  This will enable us to quantify the relationship between mean 
forage availability at historic key index sites and random sites over time. 
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EXECUTIVE SUMMARY [incomplete] 

 

Overview 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands, focused on four broad goals related to: 1) 
habitat conservation; 2) sustainable populations; 
3) numbers of elk and bison; and 4) disease 
management.  The final plan directed the NER 
and GTNP (in conjunction with the Wyoming 
Game and Fish Department; WGFD) to maintain 
the state’s elk herd objective of 11,000, establish 
a bison population objective of 500, restore 
habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program, when necessary in GTNP,  
continue to vaccinate elk for and effective 
vaccine becomes available, and develop a 
dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk Adaptive 
Management Plan was developed to address the 
latter and specifically addresses the criteria for a 
structured framework referenced in the Record 
of Decision. 
Background 

Winter feeding of elk in Jackson was originally 
initiated to reduce winter mortality of elk and 
minimize depredation of ranchers’ hay.   The loss 
of available winter range in Jackson Hole due to 
new ranching operations and a growing town 
resulted in significant numbers of elk dying during 
several severe winters in the late 1800s and early 
1900s. This prompted local citizens and 
organizations, as well as state and federal officials 
in Jackson Hole, to begin feeding elk in the winter 
of 1910–11. Congress heeded the appeals for 
assistance and on August 10, 1912, established 

the National Elk Refuge. Today, the need for the 
refuge’s winter elk feeding program is a direct 
result of reduced access to significant parts of elk 
native winter range, loss of historic migration 
patterns, behavioral conditioning of elk to winter 
feeding, and the desire to maintain a population 
objective established in the context of 
supplemental feeding. 

Bison were extirpated outside Yellowstone 
National Park (YNP) by the mid-1880s but in 1948 
were reintroduced to Jackson Hole when 20 bison 
from (YNP) were released near Moran, Wyoming.  
The herd remained small until discovering elk 
feedlines in 1980, when the population began 
sustained population growth.  Bison and elk that 
winter on the NER are migratory and occupy 
summer ranges predominantly to the north. 

Objectives 

This adaptive management plan addresses 
several objectives under a broader BEMP goal of 
sustainable populations, which directed the 
agencies to: 1) Develop an adaptive management 
plan for reducing NER supplemental feeding; 2) 
[implement a] phased reduction of animals on 
feed: a) to 5,000 elk and 500 bison, and b) [to a 
point where] elk and bison rely predominantly on 
native habitat; 3) maintain natural elk bull-to-cow 
ratios in park summer herd; and 4) Enhance 
public outreach/education.  The BEMP further 
stated that consideration criteria for 
implementing the 2nd phase of reduced feeding 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
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private lands during high risk disease 
transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and 
bison on the NER to greater reliance on free-
standing forage, while maintaining population 
and herd ratio objectives.  
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies a large area in the 
upper Snake River watershed north of the town 
of Jackson (Fig. 1).  Much of the herd is migratory, 
moving between distinct wintering and summer 
ranges.  Primary wintering areas include the 
Buffalo Valley, lower elevations of the Gros 
Ventre River drainage, the National Elk Refuge 
(NER), and areas adjacent to the NER on Bridger-
Teton National Forest (BTNF) lands.  Summering 
areas occur throughout the herd’s range and for 
convenience are divided into four geographic 
regions that include Grand Teton National Park 
(GTNP), Yellowstone National Park (YNP), the 
Gros Ventre drainage, and Teton Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 
“tusk hunters” and large-scale commercial 

hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
and federal officials in Jackson Hole, to begin 
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feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 
reserve” (37 Stat. 293). The first winter census in 

the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 
Today, the need for the refuge’s winter elk 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
 
An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 
Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 
tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 
Preserve, Inc., and the Wyoming Game and Fish 

Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 
to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and a variety of feeding 
strategies are employed to help reduce  
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 
 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
3).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt administered by WGFD.  This plan was 

halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig 3).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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bison and elk management focused on four broad 
goals related to: 1) habitat conservation; 2) 
sustainable populations; 3) numbers of elk and 
bison; and 4) disease management.  The primary 
management scenarios presented in the 
alternatives included the status quo, terminating 
elk and bison hunting on the NER and the elk 
reduction program in GTNP, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk Adaptive 
Management Plan was developed to address the 
latter and specifically addresses the criteria for a 
structured framework listed on page 5 of the 
Record of Decision (Fig. 4).  It does not address 
other on-going bison and elk management 
actions already prescribed by the BEMP. 
 
The BEMP scheduled the completion of an 
Adaptive Management Plan for 2008.  However, 
litigation challenging the BEMP in 2008 led to the 
decision to postpone its development until 
litigation was resolved.  As of March 2015, two 
court rulings have upheld the 2007 BEMP and 
ROD. In a lawsuit against the  BEMP and its 
author agencies (Defenders of Wildlife et al. v. 
the U.S. Department of Interior and State of 

Wyoming 2010), plaintiffs argued that the BEMP 
violated the National Wildlife Refuge System 
Improvement Act (National Wildlife Refuge 
System Improvement Act 1997) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 
agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling 
(Defenders of Wildlife et al. v. the U.S. 
Department of Interior and State of Wyoming 
2011).   
 
National Environmental Protection Act 
Compliance 
 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   
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Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 

elements to an adaptive management approach: 
1) well defined and mutually agreed upon 
objectives, 2 knowledge of the dynamics of the 
system being managed, 3) clearly articulated 
management actions and strategies, and 4) a 
monitoring program to evaluate responses of the 
system to management actions (Walters 1986).   
 

 
OBJECTIVES 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 
goals, 20 associated objectives were addressed 
(Table 1).  This adaptive management plan 
addresses four objectives under the goal of 
sustainable populations (Fig. 5). 
 
In Phase 1 of the second objective, the aim is to 
reduce the average number of elk on feed to 
5,000 (while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP-adopted objective of 500. In 
Phase 2, the overall objective is to reduce the 
reliance of bison and elk on supplemental feed 
(USFWS and USNPS 2007a).  Desired conditions 
include animals relying predominantly on native 
habitat and cultivated forage. Important 
consideration criteria for implementing Phase 2 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
private lands during high risk disease 
transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives.  

 

MANAGEMENT ACTIONS AND STRATEGIES 

Table 1.  2007 Bison/Elk Management Plan 
Goals and Objectives (Adaptive Management 
Plan objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and 

cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives: 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 

• Phase reduction of animals on feed: 1) 
to 5,000 elk and 500 bison, and 2) elk 
and bison rely predominantly on native 
habitat. 

• Maintain natural bull-to-cow ratios in 
park summer herd. 

• Ensure a genetically viable bison herd 
with close to an even sex ratio. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 
11,000. 

• Maintain a genetically viable bison 
population of about 500 animals. 

Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk 
from elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

• Educate hunters about wildlife disease 
human health hazards. 

Commented [S4]: Steve K, I added the bison genetic objective 
but did not shade it, as its really not addressed in the AMP. 
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Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 

a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The adaptive 
management approach will necessarily be one of 
trial and error, constant evaluation, modifications 
to approach when indicated, and repeated trials 
(Fig 4).  As such the approach will also be 
experimental, but it will be guided by rigorous 
analysis and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,200 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 
to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000.  Unfortunately, however, its winter 
distribution has changed fundamentally, favoring 
an increasing trend of even higher proportions of 
the herd on NER feed during winter (Fig. 6).  
 
The factors responsible for this change are 
unknown but are likely a combination of weather 
conditions, elk behavior and shifts in elk 
distribution, possibly influenced by the presence 
of wolves in some historic native winter ranges.  
Regardless of the reason, this trend is the reverse 
of what is desired and will make achieving the 
Phase I objective of 5,000 elk on feed, and future 
reductions, more difficult.  

 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013, and in recent years irrigation of 
approximately 3,600 acres has increased forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes will have implications for elk 
and bison management. 
 
[any other changes to include here?] 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.   
 
Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs per acre at key index sites 
and is considered conservative in terms of elk 
nutritional needs. Available winter forage for elk 
and bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 

Commented [S5]: Can we be more specific about what 
constitutes “recent years” and based on that should this be 
included as an important change since 2007? 
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during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 
lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 

between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 

started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56) hunters harvested 161 (SD = 38) elk per 
year during the NER hunt. 

  
The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 8).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2013, relative to the current objective. [update through 2015] 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range1 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 
 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5) 
bison per year.  This level of harvest has been 
sufficient to arrest the exponential growth of the 
population, reducing bison numbers from the 
peak in 2007 to about 700 animals in winter 2015 
(Fig 3). Tribal bison harvest of up to 5 animals for 
ceremonial purposes was authorized in the 
BEMP.  Translocation of wild bison to lands 
outside of Teton County is not currently 
permitted due to brucellosis concerns.  

Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 

conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions.  
 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER year around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 
and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease several days to weeks before the 
bison hunting season in an effort to increase 
hunter harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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  Figure 8.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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description of methodological research and 
implementation, followed by what remains to be 
accomplished] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 
  
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
occurs one day in early February and includes 
ground counts of animals on feed at the NER and 
aerial counts of outlying bison across their winter 
ranges on the refuge, park, and Bridger-Teton 
National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 

measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 
that winter would equal 5,000 elk X 100 days = 
50,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 25,000. 
 
We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 
bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Implementation of the AMP will have successfully 
attained the objective of “transitioning from 
intensive supplemental winter feeding to greater 
reliance on free-standing forage” when 
supplemental feeding was not used for more 
than 50% of the years in a 5 year period. 
 
Initial success of AMP implementation will be a 
consistent decline in the 3-year running average 
of elk and bison fed days from the established 
baseline. While the BEMP did provide specific 
measurement criteria for the definition of 
“transitioning from intensive supplemental 
winter feeding to greater reliance on free-
standing forage” we will consider this objective 
met when the 3-year running average of elk and 
bison fed days is <50% of baseline for 5 years in a 
row.   

Commented [S9]: SK’s draft. 
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Several management constraints are common to 
the strategies discussed below (Table 3).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements.  
Similarly, compliance with the Wyoming greater 
sage-grouse core area protection executive order 
(2011-5) could restrict habitat manipulations.  
NEPA compliance conducted as part of the 
BEMP/EIS constrains what federal actions can be 
taken as a part of this plan.  State regulations 
constrain late (winter) hunt and carcass disposal 
timing to protect against brucellosis 
contamination, since February-April represent 
the period bison and elk are most likely to 
transmit the disease.  Restrictions on hunting 
timing also result from BTNF winter range 
closures, immediately east of the NER and 
elsewhere, December 1 to April 30.  Additional 
details about these and other constraints will be 
included in discussions about specific strategies 
that follow. 
 
Strategies 
 
This section will describe the management action 
this AMP proposes to implement.  As such, it 
unveils the heart of management changes 
necessary to begin the process of transitioning to 
more reliance of bison and elk on native forage 
during winter.  Initial strategies for achieving 
sustainable population goals identified in the 
BEMP (Table 1) are presented by objective below.  
The primary management actions available to the 
agencies for initiating change involve several 
flexible parameters of winter feeding and 
harvest.  To a lesser extent, vegetation protection 
and restoration can be important, particularly for 
improving long-term ecological balance and 
enhancing natural production of native forage.  
Private lands are also an integral component as 
changes in elk and bison distribution occur and 
new challenges develop.  The likely consequences 
of implementing these strategies were evaluated 

Table 3. Summary of potential Adaptive 
Management Plan constraints.  
Policy 
• ESA1 Lynx – limits on habitat impacts 
• Greater Sage Grouse – core area protection 
• 2007 BEMP/EIS (federal actions/lands) 

o No fertility control 
o No test and slaughter 
o Limited tribal harvest 

• Bison/elk hunt end date (Feb. 1st)  
o WGFD, brucelosis safety 

• Carcass disposal (Feb. 15th) 
o WGFD, brucellosis safety 

• Forest Service winter closure  
(Dec. 1st – April 30th) 

• Easement limitation (NER boundary) 
Winter Feeding 
• Only during non-hunting periods 
Harvest 
• State regulations 
Vegetation Restoration/Protection 
• Bison/elk distribution 
• Exotic plant species management 
Private Lands  
• Owner agreements 
Social 
• Hunter density (safety; hunt quality) 
• Elk/bison winter mortality levels 
• Public safety (ungulate/vehicle collisions) 
• Disease  
• Land-use conflicts (agricultural and  

residential) 
Biological 
• Disease (bison/elk/cattle commingling) 
• Sage grouse habitat conflicts 
• Fencing/wildlife conflicts 
• Elk herd distribution 

o summer segment distribution goals 
Funding 
• Easement purchase 
• Plan implementation 
1Endangered Species Act 
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in the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously and 
systematically. The strategies discussed below 
have been developed in this context, with 
appropriate feedback mechanisms through 
rigorous monitoring and frequent evaluation.  
Inability to meet this objective under the 
strategies presented here would trigger a 
thorough evaluation and development of more 
aggressive strategies. 
 
Winter Feeding 
Winter feeding parameters that could be 
modified include starting date, ending date, and 
daily ration.  To modify elk and bison behavior in 
the long run, delaying initiation of feeding is likely 
to have the greatest impact by gradually 
conditioning them to expect feed later on 
average, with the desired outcome of building a 
cohort of animals that rely primarily on native 
winter range and are not food conditioned. To 
reduce supplemental feeding overall, ending 
feeding early would also help decrease the 
amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   

 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 4, Fig. 9).   Time of season could 
influence this interval, most likely shortening it as 
the feeding initiation date gets later.  During the 

last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from ? [date] to ? [date].  Delaying feeding by two 
weeks in January, for example, is likely to be 
more successful than doing so in February, when 
food stress and tendency for animals to move to 
private lands is greater.  Forage availability could 
also have an influence, particularly if a freeze 
thaw event resulted in an acute and large 
reduction in available forage.  Both time of 
season and forage availability considerations 
would be affected by the numbers of elk and 
bison on the NER.  And finally, the distribution of 
animals, particularly on private, livestock 
producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer because of being displaced by 
more dominant animals.  Monitoring programs 
will include measures of calf mortality and it will 
be an influencing parameter in feedback 
mechanisms.  The BEMP anticipated that elk 
mortality could increase from 1-2% overall to 1-
5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or ??% based on an average 
feeding season length of ?? weeks from 1996-
2015. 
 
The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites and on-going measurements at those sites 
throughout the winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  

Commented [S11]: Eric 
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Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 
hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 4).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 
Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNP summer segment (since most 
park bulls migrate to the NER) would help inform 
levels of take proposed.  Bow hunting in areas 
currently closed to firearms will likely increase 
harvest by eliminating “no-hunt” areas which can 
become sanctuaries for large numbers of elk. 
Shifting the hunt one week later is consistent 
with later migrations and will improve harvest 
effectiveness. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has lead to significant increases of winter 
elk concentrations on the NER.    
 
[Insert long-term elk arrival graph – Eric] 
 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
 

Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 4).  Consideration would be given to later 
hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, State 
quotas will likely be reduced and management 
flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 
spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Figs. 9 and 10). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   
 
Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
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(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 
Several strategies would be employed to mitigate 
potential problems (Table 4), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 
purchase private lands easements to prevent co-
mingling. A vital component in implementing 
these mitigation measures is to establish three 
seasonal Wildlife Conflict Technician positions 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the AMP 
(see Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMP mitigation efforts.  
 
Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    
 
Vegetation Restoration/Protection 

 
[NER and GTNP staff to draft material] 
 
Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 
 
A private lands Hunting Coordinator Position 
would be established and supervised by the 
WGFD to promote and coordinate hunting 
activity focused on Southern Herd Segment 
harvest in and around private lands in the Spring 
Gulch Area north to Moose, WY (Hunt Area 78).    
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Table 4 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold  <= 10%  
  Elk/bison distribution - visual    
  Elk/bison distribution –  
  collars 

   

  Winter mortality    
  Elk summer range 
  proportions 

   

    
Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 
   Structure  - 1 week initial drawing 

- 1 week left over 1st 
served 
- partial week alternate 

- 1 week initial drawing 
- 1 week left over 1st 
served 
- partial week alternate 
- daily 1st served 
alternates 

 

1Number elk and bison on feed per day, totaled by feeding season. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   Landscape damage    
   Easement acquisition    
    
Vegetation Restoration/ 
Protection: Elk Refuge 

   

    
Vegetation Restoration/ 
Protection: Grand Teton 
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Figure 9.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure  10. [example] Framework for harvest strategy and adaptive management. 
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Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMP (Table 5).  Since they were not part of the 
ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management plan, and thus they are 
not being considered at this time.   

 

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation of winter feeding).  
 
[Paragraph on sources of error if needed? Should 
include process error in calf survival model.] 
 
Elk winter distribution model 
 
The proportion of the JEH that winter on the NER 
will be linked to factors hypothesized to influence 

elk winter distribution (Fig. 2) using a generalized 
linear mixed effects model (GLMM). A GLMM can 
account for a proportional response variable (i.e., 
constrained to the interval 0–1) using a log link 
and binomially-distributed errors. A GLMM also 
includes fixed and random effects, with the latter 
capturing residual model variance otherwise not 
explained by fixed effects. Year will be including 
as a random effect, providing several benefits. 
First, we don’t assume years are independent and 
comprise all of the factor levels of interest. 
Instead, the effect of year is treated as a random 
variable, with individual year effects realizations 
of that distribution. This allows inference to non-
sampled factor levels, i.e. years, by estimating a 

Table 5.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due 

to major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest 
herd segment in Hunt Area 78 on private lands, where 
federal agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for 
AMP because current hunting programs appear effective 
at slowly moving the herd toward the 500 animal herd 
objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands 
because current hunting programs that utilize sport 
hunters are effective at meeting herd objectives. 

Altering rations of supplemental 
feed? 

Perhaps refer to appendix or side bar/box 

  
  
1    
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latent population-level proportion of elk 
expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect 
can be considered a latent variable describing elk 
behavior manifested as observed winter 
distribution. Second, because year effects are not 
treated as independent, estimated effects of year 
on the proportion of JEH elk wintering on the NER 
are dependent on all factor levels, leading to 
greater precision when estimating individual year 
effects (Kéry 2010).  
 
The full GLMM incorporating fixed effects for 
each factor identified as influencing elk winter 
distribution (Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 + 
𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝑆𝑆𝑡𝑡 + 𝜀𝜀𝑡𝑡 

 
where the random intercept and residual model 
variance are 
 
𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0

2 ), and 
 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
 
Fixed effects include 1) per capita available 
forage at initiation of winter feeding (AFI) , 2) 
proportion of the JEH that are short-distance 
migrants (SDM), 3) number of wolf packs present 
on JEH native winter range (WP), 4) growing 
season (May–August) precipitation for the 
Wyoming Snake Drainage climate division (GSP; a 
proxy for available forage on native winter 
range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early 
winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. 
(2003) has as an output weekly available forage 
biomass for the NER (sum of predictions for 30 × 
30 m cells). These predictions account for snow 
conditions using a proxy of SWE and decrement 
total available biomass by 35% to account for 
unpalatable plants within the total estimate.  

 
While calf survival is a function of multiple factors 
(Fig. 3), the primary management action 
influencing calf survival is supplemental winter 
feeding. Current winter feeding initiation criteria 
lead to calf survival generally higher than in unfed 
populations. Proposed feeding initiation criteria 
will result in later initiation of supplemental feed, 
which will be most influential to calf survival. 
There is currently little understanding regarding 
the relationship between initiation of winter 
feeding and calf survival, except that current 
feeding initiation criteria result in high calf 
survival. We believe a threshold level of available 
forage at initiation of winter feeding exists such 
that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized 
to decline quickly with reductions in available 
forage at winter feeding initiation. Available 
forage at the initiation of winter feeding will be 
related to on elk calf winter survival using a 
saturating function (i.e., Holling type-II functional 
response; Fig. 6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf 
survival is related to available forage. Maximum 
calf survival is a, and b represents the value of 
available forage to an individual when survival is 
50% of a (Hilborn and Mangel 1997).  
 
 
Although this approach doesn’t capture forage 
deficits per se, it does provide a potentially 
sensitive proxy for this concept. It is assumed 
that a forage deficit for calves would occur at a 
point on the curve of the relationship between 
calf survival and available forage at initiation of 
supplemental feeding. Modeling the response of 
winter calf elk survival to changes in feeding 
initiation criteria facilitates our ability to 
maximize the influence of feeding initiation 
criteria on winter distribution while minimizing 
the likelihood of a large mortality event.   

Commented [WJ12]: I’m not comfortable with this 
interpretation yet and need to think about it some more.  

Commented [WJ13]: This doesn’t currently have a term for 
hunting, although our conceptual model above does. Need to 
decide if we want to include or exclude here. 

Commented [WJ14]: Will need a more formal explanation of 
these variables and how they will be collected. May fit best in the 
monitoring section. 

Commented [WJ15]: If we use Hobbs’ model for predicting 
available forage these may be redundant. 

Commented [WJ16]: Put in winter feeding initiation paragraph 
above? Then note where more samples are necessary to improve 
the precision of the estimates. Need to run this model from 2007 
forward to see where, on average, feeding was initiated so we can 
make treatment adjustments as necessary. This would also allow us 
to look at the relationship between key index sites estimates and 
Hobbs’ predictions. Need to consider validating Hobbs’ model with 
field sampling Eric is currently designing to see if we can use the 
Hobbs model moving forward. This would take some time with 
stripping the Hobbs model down to our needs, identifying data 
sources, and developing a workflow process so weekly estimates of 
available forage can be calculated. Would only be able to use snow 
data from SNOTEL sites that have data available online, which 
shouldn’t be too much of a problem.  
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values of survival might actually be expected?  Also, on what period 
of time is the calculation of survival made?  12 months, or just over 
the period the calves are fed. 
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MONITORING  
 
Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers; and 3) extending the monitoring 
period later in the winter to assess the 
relationship between available forage and elk and 
bison distribution. 

 
To better represent the total amount of forage 
available on the southern half of NER, a 
subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional random sample sites 
stratified by elk habitat preference will be added.   
Historic elk distribution mapping and elk GPS 
collar data (NER unpublished data) suggest that 
the areas most preferred by elk on southern NER 
are associated with moderate to high forage 
production and green vegetation.  Because the 
distribution of forage production and greenness 
characteristics vary annually based on irrigation 
and precipitation patterns, we will annually map 
areas preferred and not preferred by elk and 
sample sites will be randomly selected within 
each of these mapped categories.   At least 3 

 

Figure11. Hypothesized relationship between winter survival of elk calves and per capita available forage at 
initiation of winter feeding on the National Elk Refuge.  
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historic key index sites, 3 random sites in areas 
preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 
 
Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average 
forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the 
monitoring period will be extended to include the 
intervening 2 weeks.   
 
Proportion of Elk Wintering on NER 
 
A principal AMP goal is to reduce the number of 
elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 

each year, we will calculate the proportion of 
total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 
running average post AMP implementation to the 
pre-implementation baseline.  The pretreatment 
baseline will be comprised of data from 2008-
2015(16?), a time period that represents BEMP 
implementation prior to AMP actions (Figure 12).   
 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMP implicitly assume that the 
transmission rate and prevalence of elk and bison 
diseases are density dependent and positively 
correlated with the number of elk and bison 
utilizing feedgrounds and the number of days 
they are fed.  We further assume the variables 
elk-fed-eays (EFD) and bison-fed-days (BFD) are a 
proxy for these conditions. EFD and BFD will be 
calculated annually for each species based on the 
following formulas:  
 
EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 

 

Figure12. Proportion of the Jackson Elk Herd that was 
classified on NER feedgrounds in the period following 
implementation of the Bison and Elk Management Plan 
and prior to the implementation of the Adaptive 
Management Plan (2008-2015).  These values 
represent the pretreatment baseline which will be 
compared to the 3 year running average post AMP 
implementation. 
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BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 
comparing the 3-year running average post AMP 
implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account forwide annual variation in EFD and BFD 
associated with winter severity (Fig. 13) 
 
Elk Winter Mortality Monitoring 
 

NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMP implementation, 
which will allow trend comparisons to the pre 
AMP baseline (Figure 14).  Under the AMP 
framework, we believe the 3 year running 
averages for total and calf winter elk mortality 
will be within the range of variation exhibited by 
the pre AMP baseline.  Historic monitoring 
suggests that calf and total mortality are sensitive 
to winter severity and disease outbreaks, and 
that winter mortality occasionally exceeds >3% 
total mortality and >10% calf mortality.  Post 
AMP mortality in excess of these levels may 
warrant shortening the 2-week feeding initiation 
delay in subsequent years. 
 
Elk Collaring 

 

Figure14. Total and calf elk winter mortality (%) on NER 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the pretreatment 
baseline which will be compared to the 3 year running 
average post AMP implementation. 
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Figure13. Elk Fed Days (EFD) and Bison Fed Days 
(BFD) in the period following implementation of the 
Bison and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 
3 year running average EFD and BFD post AMP 
implementation. 
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One of the AMP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas.  To quantify this effect and provide real 
time information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 
sample of 50 GPS collars on elk that winter on 
NER throughout the AMP implementation period.  
Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This 
sample size will not be sufficient to detect all elk 
movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk 
movements from NER to surrounding private 
lands will increase during the AMP 
implementation period compared to the pre-
treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 
is the season when changes to the NER feeding 
program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 
Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 

need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis  
process includes brucellosis seroprevalence,  
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 
Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post AMP 
implementation.  There are no recent brucellosis 
seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk 
collaring operations in winter 2016, and each elk 
will be tested for Brucellosis exposure.  The 2016 
Brucellosis seroprevalence rate will be the pre-
treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 
introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 
management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 
CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 
technicians working from September-December 
are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 
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EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 
strategies outlined in this plan will be in place for 
a minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 

an annual adaptive management update/report, 
completed by NER staff by the end of March for 
the previous year.  
 
Investigating the potential effects of climate 
change on elk and bison management will be 
important in the long-term.  During 
implementation of this plan, we will collect a 
variety of data that can be drawn upon for this 
purpose.  

 

PUBLIC OUTREACH AND EDUCATION  
The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMP 
implementation.  The practice of feeding elk 

evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMP in order to gain general 
consent to modify longstanding elk/bison herd 
management methods.   
 
A detail communication plan to guide outreach 
and education efforts can be found in Appendix 3. 
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SCHEDULE 

 

 

Table 7.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 

 

 

Table 6.  Adaptive Management Plan proposed schedule. 
Action Date 

GPS Collar 30-40 elk prior to strategy implementation (Iridium platform) February 2016 

Public outreach and education March 2016 

Initiate private lands conflicts mitigation contacts/actions March 1, 2016 

Implement enhanced forage monitoring  March 1, 2016 

Initiate changes in supplemental feeding protocol January 2017 

Monitoring/Evaluation/Annual Report June 2017 
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BUDGET 

Table 8. [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Seasonal Biological Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 
     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment distribution1      
     Expanded standing forage estimates1      
     Chronic Wasting Disease, 2 seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 
     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; Iridium Platform $115,000 $25,000 $25,000 $25,000 $25,000 
Bison barrier at NER south entrance $80,000 $1,000 $1,000 $1,000 $1,000 
Adaptive Management Plan annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 
Private lands:      
     Easements / Acquisition      
     Damage reimbursements (Wyoming)      
     Conflict mitigation coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 
Vegetation restoration/protection1      
Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 

Subtotal      
Grand Teton National Park:      
Monitoring:      
     Summer elk classification/distribution      
     Hunter harvest      
     Harvest age distribution      
     Transition range forage production/utilization      
Vegetation Restoration/Protection      
     Temporary bison fencing      
     Hayfields restoration      
     Exotic plant mitigation      
     monitoring      
Elk Reduction Program      

Subtotal      
Wyoming Game and Fish Department:2      
Private lands:       
     elk harvest coordination      
     Easements / Acquisition      
     Damage reimbursements      
     Conflict mitigation coordination      

Add additional lines and categories as needed 
Subtotal      

Grand Total      
1 See detail in Appendix      

          
 



 

 30  
 

 

 

LITERATURE CITED [incomplete]

 
Cook, J.G. 2002. Nutrition and Food. In D. E. Toweill and J.W. Thomas eds. North American Elk Ecology 

and Management. Smithsonian Institution Press, Washington D.C. 
 
Defenders of Wildlife et al. v. the U.S. Department of Interior and State of Wyoming. 2010.  United 

States District Court for the District of Columbia. Case 1:08-cv-00945-RJL, Document 37, Filed 
03/26/10. 

 
Defenders of Wildlife et al. v. the U.S. Department of Interior and State of Wyoming. 2011.  United 

States Court of Appeals for the District of Columbia Circuit. USCA Case #10-5144, Document 
#1322265, Filed: 08/03/2011. 
 

Emmerich, J., R. Guenzel, L. Jahnke, B. Kroger, J. Nemick, B. Rudd, and T. Woolley. 2007. Appendix VIb. 
Page VIb-1 in S.A. Tessmann (ed). Handbook of Biological Techniques: third edition. Wyoming 
Game and Fish Department. Cheyenne, WY. 

 
Gregory, R., L. Failing, M. Harstone, G. Long, T. McDaniels, D. Ohlson. 2012. Structured decision making: 

a practical guide to environmental management choices. Wiley-Blackwell, West Sussex, United 
Kingdom.  

 
Hobbs, N.T. 1989. Linking energy balance to survival in mule deer: Development and test of a simulation 

model. Wildlife Monographs 101. 39pp 
 
Hobbs, N. T., G. Wockner, and F. J. Singer. 2003. Assessing management alternatives for ungulates in the 

Greater Teton Ecosystem using simulation modeling. Unpublished report, Natural Resources 
Ecology Lab, Colorado State University, Fort Collins, CO. 

 
Killian, G., T. J. Kreeger, J. Rhyan, K. Fagerstone, and L. Miller. 2009. Observations on the use of 

Gonacon™ in captive female elk (Cervus elaphus). Journal of Wildlife Diseases 45:184-188. 
 
National Academy of Science.  2010.  Advancing the science of climate change – an Expert Consensus 

Report.  Accessed July 2015 at http://dels.nas.edu/resources/static-assets/materials-based-on-
reports/reports-in-brief/Science-Report-Brief-final.pdf 

 
[NPS] National Park Service.  2006.  Management Policies.  U.S. Department of the Interior, National 

Park Service.  Washington D.C.  Available at http://www.nps.gov/policy/MP2006.pdf.  Accessed 
May 2015. 

 



 

 31  
 

National Wildlife Refuge System Improvement Act.  Public Law 105-57, October 9, 1997.  Available at 
6``AZQ1SXW2DEC FV3R6UIO\2560P-[=\  Accessed May 2015. 

 
Nelson, L. J., and J. M. Peek. 1982. Effect of survival and fecundity on rate of Increase of elk. Journal of 

Wildlife Management 46:535-540. 
 
Pawitan, Y. 2001. In all likelihood: statistical modelling and inference using likelihood. Oxford University 

Press. 
 
Putman, R. J., and B. W. Staines. 2004. Supplementary winter feeding of wild red deer Cervus elaphus in 

Europe and North America: justifications, feeding practice and effectiveness. Mammal Review 
34:285-306. 

  
Raithel, J. D., M. J. Kauffmian, and D. H. Pletscher. 2007. Impact of spatial and temporal variation in calf 

survival on the growth of elk populations. Journal of Wildlife Management 71:795-803. 
 
Tassell, L. W. V., C. Phillips, and W. G. Hepworth. 1995. Livestock to wildlife is not a simple conversion. 

Rangelands 17:191-193. 
  
[USFS] U.S. Forest Service. 2013. Bridger-Teton National Forest Fire Management Plan. Bridger-Teton 

National Forest. 
 
[USFWS] U.S. Fish and Wildlife Service. 2014. Comprehensive Conservation Plan. National Elk Refuge.  
 
[USFWS and USNPS] U.S. Fish and Wildlife Service and National Park Service. 2007a. Record of Decision, 

final bison and elk management plan and environmental impact statement. National Elk Refuge 
and Grand Teton National Park. http://www.fws.gov/bisonandelkplan/ROD.pdf, accessed April 
2015. 

 
[USFWS and USNPS] U.S. Fish and Wildlife Service and National Park Service. 2007b. Bison and elk 

management plan. National Elk Refuge and Grand Teton National Park. 
http://www.fws.gov/bisonandelkplan/, accessed April 2015. 

 
[USFWS and USNPS] U.S. Fish and Wildlife Service and National Park Service. 2007c. Final bison and elk 

management plan and environmental impact statement. National Elk Refuge and Grand Teton 
National Park. http://www.fws.gov/bisonandelkplan/, accessed April 2015. 

 
Walters, C. 1986. Adaptive management of renewable resources. Blackburn Press, Caldwell, New Jersey. 
 
Williams, B. K. 1997. Approaches to the management of waterfowl under uncertainty. Wildlife Society 

Bulletin 25:714-720. 
  



 

 32  
 

APPENDIX 1.  Summary of primary potential impacts associated with reduced supplemental feeding, as identified in alternative 4 
environmental consequences section of the Final Bison and Elk Management Plan/Environmental Impact Statement (USFWS and USNPS 
2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter forage production, assessments of forage 

utilization (done jointly by WGFD and NER personnel), elk condition and movements, and potentially on the January 1 index of winter 
severity calculations for elk (Farnes, Heydon, and Hansen 1999). 

• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition (negligible adverse effect on NER elk from lower 

nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider distribution. 
• Elk use of lands surrounding the NER would increase, including: 

o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNP 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and Gros Ventre segments. 
• As ungulate numbers decreased and supplemental feeding was reduced, competition and aggressive social interactions on the refuge 

would also be reduced. 
• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability would have a greater influence on 
numbers, movements, distribution, and mortality. 

• More elk would be subject to natural factors affecting mortality, including loss of body condition, predation, and starvation. 
• Increased mortality on and off the refuge would mainly affect older elk and calves, and some prime bulls entering the winter 

energetically stressed due to rut activities. 
• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due to tuberculosis, septicemic pasturelosis, 
and CWD. 

• The health and sustainability of the Jackson elk herd would be increased gradually as supplemental feeding was reduced and there was 
greater reliance on standing forage and wider ungulate distribution. 

• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and potential transmission of brucellosis, as well as 

potential for spread of diseases not yet in the population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, to coordinate actions that would 
prevent conflicts due to elk dispersal and to defray costs of managing potential conflicts. Preventing access to food/hay rewards on 
private lands would be vital for effective management. 

• Private land conservation easements within NER boundaries would promote wider distribution.  
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APPENDIX 2.  Monitoring Supplemental Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured at every 5 steps along the random bearing determined for each site.  At each subplot a 13.27” 
diameter metal sampling ring will be placed on the ground. The amount of forage available to elk within the sampling ring (dry weight in grams) 
will be visually estimated.  The 13.27” diameter subplot allows easy conversion from grams to lbs. per acre (each gram is equivalent to 100 lbs. 
per acre). During annual forage production sampling, refuge biologist Eric Cole has made approximately 1,000 of these visual estimates per year 
for 17 years, and 33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will be the principal estimator, but 
additional personnel will be trained in these techniques to provide redundancy in the event of personnel changes, and to increase the number of 
observers to facilitate estimation of error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward when snow cover is limited, but estimating how 
much of the forage is accessible to elk when snow is dense, deep and crusted can be subjective.  To decrease the subjectivity of the estimation 
process, if the area under the sample ring is covered with snow, only forage that can be exposed with a gloved hand will be included in the 
estimate of available forage.  Forage that is fouled with manure and/or flush with the ground due to trampling and/or encrusted in ice will not 
be included in the estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an equivalent lbs./acre value (1 gram=100 lbs./acre).   The 
arithmetic mean of available forage (lbs./acre) for the 10 subplots provides an estimate of available forage for each index site.  There are 3 
sample site categories: 1) Historic  Key Index Sites that have been used since 2007, 2) New randomly selected sites within areas preferred by elk, 
and 3) New randomly selected sites in areas not preferred by elk.  Historic key index sites were not randomly selected, but were instead selected 
to represent areas most preferred by elk on the south end of NER.  These were the sites used to determine when supplemental feeding would 
be initiated from 2007 until the implementation of the AMP.  To facilitate comparison with pre-AMP data, we will continue to use mean lbs. per 
acre across historic key index sites to determine the 300 lbs. per acre threshold.  However, post AMP implementation we will delay feeding 
initiation by 2 weeks once the 300 lbs./acre level has been reached.  We will concurrently sample at randomly selected sites stratified on an 
annual basis between areas highly preferred and not highly preferred by elk.  This will enable us to quantify the relationship between mean 
forage availability at historic key index sites and random sites over time. 
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APPENDIX 3.  Communication Plan 
 
Communication Goals 
 
Prior to the Adaptive Management Plan’s Implementation 
 
• Utilize a variety of outreach methods to inform the public on the goals and timing of the Adaptive Management Plan’s implementation and 

possible effects on wintering herds. 
• Utilize a variety of outreach methods to inform the public on public comment opportunities. 
• Identify and coordinate key messages and outreach with USFWS regional and national offices, State and federal agency partners, non-profits, 

elected officials, and other identified audiences. 
 
During the Adaptive Management Plan’s Implementation 
 
• Continue to utilize a variety of outreach methods to describe current management actions as well as measurable and noticeable changes on the 

landscape, in animal behavior, or in animal health. 
• Provide a comprehensive overview of the Adaptive Management Plan by providing links and references to previous outreach and background 

information. 
 
Communication Objectives 
 
• Work with current media contacts to promote news of the Adaptive Management Plan via print, radio, Web, and social media platforms. 
• Utilize new media and social media tools to provide information on why the Adaptive Management Plan was developed, what public comment 

opportunities exist, and how the plan is being implemented. 
• Plan, coordinate, and execute public meetings to allow for public comment and questions on the plan. 
• Develop and provide methods for the public to submit written comments on the Adaptive Management Plan. 
• Monitor print media on Refuge elk and bison management to see how Adaptive Management Plan objectives and reactions are being 

portrayed to the public. 
 
Current Outreach Resources 
 
• National Elk Refuge web site 
• National Elk Refuge news release list 
• (approximately  300 contacts) 
• National Elk Refuge Twitter site (1,039 followers) 
• Bison and Elk Management Plan web site (http://www.fws.gov/bisonandelkplan/) 
• Space for an 11” x 17” poster in the Visitor Center on Refuge management topics 
• Display panels in the Visitor Center theater for temporary displays 
 
Available Supporting Outreach Resources 
 
• USFWS Mountain–Prairie External Affairs staff 
• USFWS Mountain–Prairie web site, including the 
• “Top Stories” feature 
• USFWS Mountain–Prairie Twitter site USFWS Mountain-Prairie Region Facebook page 
• USFWS National Wildlife Refuge System 
• Facebook page 
• USFWS Facebook page 
 
Previous Outreach Efforts 
 
• NER routinely writes and disseminates news releases on Refuge management activities, including the Comprehensive Conservation Plan, 

supplemental feeding, herd health monitoring, and forage production.  
• Post the above news stories as Content. 
• Management System (CMS) articles. 
• Post CMS news story promos so they prominently appear on the home page, linking readers to the articles. 
• Send out Twitter messages linking viewers back to the news stories. 
• Prepare, upload and provide links to Adobe PDF versions of news stories with addtional photos where additonal images are available and/or help 

understand or visualize the content. 
• Utilized the Conservation link on the web Content 
• Management System to post information about 

the Bison and Elk Management Plan and the draft Comprehensive Conservation Plan. 
• Retained and provided a link to the original Bison and Elk Management web page (http://www.fws. gov/bisonandelkplan/) that was developed 

during the planning process. The web site includes links to the Final Plan/EIS, Record of Decision, Federal Register Notice of Availability for both 
the Record of Decision and Final Plan/EIS, associated news releases, public meeting highlights, and other related documents. Note: the National Elk 
Refuge does not manage the site. 

 
Additional Outreach Opportunities 

 
• Public meetings in Jackson and other identified locations. 
• Service produced video; video could be posted to the National Elk Refuge’s multimedia web page, or USFWS Mountain–Prairie home page “Top 

Video” feature. 
• Live radio interview on KHOL (Jackson, WY radio) 
• Wyoming Public Radio interview with Refuge management staff 
• Interviews with local print media sources 
• Updates at community leader meetings such as Rotary Club, Jackson Hole Chamber of Commerce board meetings, and interagency breakfast 

meetings (with Federal agencies and local elected officials). 
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Target Audiences 
 
Internal 
• Regional and National USFWS Leadership 
• Refuge permanent staff 
• Refuge seasonal staff 
• Refuge volunteers 
 
External 
• Congressional representatives 
• State of Wyoming leadership 
• Federal agency partners, particulary Grand Teton National Park and the Bridger–Teton National Forest 
• Wyoming Game & Fish Department 
• Other NER partners, including county and town agencies and local nonprofit organizations 
• Local elected officials 
• Private landowners in proximity to the National 
• Elk Refuge or neighboring Federal lands 
• Tribes 
• Local and state media 
• Local public 
 
Key Outreach Topics 
 
• Overview of BEMP objectives 
• Strategy to change elk/bison behavior 
• Threat of disease 
• Natural mortality rates 
• Anticipated winter distribution changes for bison/elk 
• Mitigate negative effects on private lands 
• Change elk behavior and distribution while avoiding increased mortality. 
• Explain the historic reasons a supplemental feeding program began and why it was continued.   
• Explain the NER’s limited large ungulate carrying capacity and the disproportionate impact of bison on available forage; 3 elk = 1 bison. 
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Attachments: NER AMP Draft v1.8_7-17-2015_EColeadditions.docx

Jeff:
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Thanks again for the help,
 
Steve Kallin
Project Leader
National Elk Refuge
PO Box 510
675 East Broadway
Jackson, WY 83001
Phone: (307) 201-5409
Fax: (307) 733-9729
steve_kallin@fws.gov
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Commented [CE1]: If the CWD issue is considered important 
enough, my paragraphs on CWD might be inserted as its own 
section here.  Alternatively my CWD paragraph could go in the 
monitoring section. A possible CWD paragraphs: 
 
Supplemental feeding has occurred in all but 9 winters on NER since 
1912, and although this strategy minimizes winter elk mortality 
from starvation and contributes to Wyoming state elk herd 
objectives, elk occur at numbers and densities well in excess of 
carrying capacity (Smith et al. 2004, Lubow and Smith 2004).  
Considerable evidence suggests that Chronic Wasting Disease 
(CWD) transmission and prevalence are density dependent (Peters 
et al. 2000, Williams et al. 2002).  Monello et al. (2014) found that 
elk densities of 15-110 per square km in Rocky Mountain National 
Park were associated with 13% CWD prevalence, and they 
predicted elk population declines when CWD prevalence exceeded 
13%. NER elk densities commonly exceed 160 per square km (NER 
unpublished data), which suggests that the introduction of CWD to 
NER elk would have significant negative population effects over 
time.  
 
In 2014 WGFD began the revision process for the Wyoming CWD 
Management Plan (2006). WGFD has cooperated with federal 
agencies and other stakeholders to revise the plan, and NER and 
USFWS Region 6 Wildlife Health Office staff participated in several 
meetings associated with this effort.  One goal of the CWD 
Management Plan update is to develop specific management 
responses should CWD be detected on or adjacent to State or NER 
elk feedgrounds.  Early detection of CWD in the JEH is essential to 
ensure an effective management response. 
 
Since 1997 NER has cooperated with Wyoming Game and Fish 
Department (WGFD) to conduct surveillance for CWD in the JEH 
unit. Although this effort indicates that CWD is not currently found 
in the JEH, continued surveillance at sample sizes sufficient to 
detect 1% prevalence with 95% confidence annually will be critical 
to ensure a timely management response and limit the long-term 
population effects of the disease (USFWS and NPS 2007).  Given 
that CWD has been detected within 40 miles of the JEH in moose, 
within 70 miles in deer, and within 175 miles in elk, this level of 
surveillance is warranted.   
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies a approximately 
8,000 kmlarge area in the upper Snake River 
watershed north of the town of Jackson (Fig. 1).  
Much of the herd is migratory, moving between 
distinct wintering and summer ranges.  Primary 
wintering areas include the Buffalo Valley, lower 
elevations of the Gros Ventre River drainage, the 
National Elk Refuge (NER), and areas adjacent to 
the NER on Bridger-Teton National Forest (BTNF) 
lands.  Summering areas occur throughout the 
herd’s range and for convenience are divided into 
four geographic regions that include Grand Teton 
National Park (GTNP), Yellowstone National Park 
(YNP), the Gros Ventre drainage, and Teton 
Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 

“tusk hunters” and large-scale commercial 
hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
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and federal officials in Jackson Hole, to begin 
feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 
reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 

Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
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An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 

Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
 



 

 4  
 

tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 
Preserve, Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 

to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and the bison are now fed 
more than a maintenance ration to reduce 
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 
 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
_).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt administered by WGFD.  This plan was 

halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig _).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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bison and elk management focused on four broad 
goals: 1) sustaining native habitatHabitat 
Conservation; 2) promoting sustainable 
populationsSustainable Populations; 3) 
maintaining population sizesNumbers of Elk and 
Bison; and 4) preventing spread of 
diseaseDisease Management.  The primary 
management scenarios presented in the 
alternatives included the status quo, terminating 
elk and bison hunting on the NER and elk hunting 
in GTNP, brucellosis vaccination options, 
restoring habitat, improving forage, and 
decreasing or phasing out supplemental winter 
feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk Adaptive 
Management Plan was developed to address the 
latter need specificallyand specifically addresses 
the criteria for a structured framework listed on 
page 5 of the Record of Decision (Fig. 4).  It does 
not address other on-going bison and elk 
management actions already prescribed by the 
BEMP. 
 
The BEMP scheduled the completion of an 
Adaptive Management Plan for 2008.  However, 
litigation challenging the BEMP in 2008 lead to 
the decision to postpone its development until 
litigation was resolved.  As of March 2015, two 
court rulings have upheld the 2007 BEMP and 
ROD. In a lawsuit against the  BEMP and its 
author agencies (Defenders of Wildlife et al. v. 
the U.S. Department of Interior and State of 
Wyoming 2010), plaintiffs argued that the BEMP 

violated the National Wildlife Refuge System 
Improvement Act (National Wildlife Refuge 
System Improvement Act 1997) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 
agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling 
(Defenders of Wildlife et al. v. the U.S. 
Department of Interior and State of Wyoming 
2011).   
 
 [any additional BEMP background needed in 
Intro?] 
 
National Environmental Protection Act 
Compliance 
 

The 1970 National Environmental Protection Act 
(NEPA; 42 U.S.C. 4321 et seq.) established 
national environmental policy and goals for the 
protection, maintenance, and enhancement of 
the environment on and provides a process for 
implementing these goals within the federal 
agencies.   Section 102 requires federal agencies 
to incorporate environmental considerations in 
their planning and decision-making through a 
systematic interdisciplinary approach. 
Specifically, all federal agencies are to prepare 
statements assessing the environmental impact 
of and alternatives to federal actions affecting 
the environment. Statements typically occur at 
three levels of analysis: categorical exclusion 
determination; preparation of an environmental 
assessment/finding of no significant impact 
(EA/FONSI); and, for major federal actions, 
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preparation of an environmental impact 
statement (EIS).  

 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 

will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   

 
Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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objectives, 2 knowledge of the dynamics of the 
system being managed, 3) clearly articulated 
management actions and strategies, and 4) a 
monitoring program to evaluate responses of the 
system to management actions (Walters 1986).   
 

 
OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 

goals, 20 associated objectives were addressed 
(Table 1).  This adaptive management plan 
addresses four objectives under the goal of 
sustainable populations (Fig. 6). 
 
In Phase 1 of the second objective, the aim is to 
reduce the average number of elk on feed to 
5,000 (while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP-adopted objective of 500. In 
Phase 2, the overall objective is to reduce the 
reliance of bison and elk on supplemental feed 

Table 1.  2007 Bison/Elk Management Plan Goals 
and Objectives (Adaptive Management Plan 
objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives: 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 

• Phase reduction of animals on feed: 1) to 
5,000 elk and 500 bison, and 2) elk and 
bison rely predominantly on native habitat. 

• Maintain natural bull-to-cow ratios in park 
summer herd. 

• Ensure a genetically viable bison herd with 
close to an even sex ratio. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 11,000. 
• Maintain a genetically viable bison 

population of about 500 animals. 
Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk from 
elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

 d  h  b  ldl f  d  
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(USFWS and USNPS 2007a).  Desired conditions 
include animals relying predominantly on native 
habitat and cultivated forage. Important 
consideration criteria for implementing Phase 2 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
private lands during high risk disease 

transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 

 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background  
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Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The adaptive 

management approach will necessarily be one of 
trial and error, constant evaluation, modifications 
to approach when indicated, and repeated trials 
(Fig 4).  As such the approach will also be 
experimental, but it will be guided by rigorous 
analysis and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 



 

 9  
 

intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,0001,200 animals 
in 2007 to about 700 during winter 2014-2015 
(Fig. 3) through hunting programs administered 
by WGFD.  Licensing changes were enacted in 
2014 to help increase harvest of female bison. 
These included a reduction in the bison cow/calf 
license fee (from $416 to $263 for residents and 
$2522 to $1022 for non-residents) and 
eliminating the once-in-a-lifetime restriction on a 
successful bison hunter to only those that 
successfully harvested a bull. Continued progress 
toward the 500 animal herd objective will require 
sustained harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000, but because the proportion of the 
Jackson Elk Herd that winters on NER has 
increased dramatically (Fig. 6), this will make 
achieving the Phase I objective of 5,000 elk on 
feed and any future elk population reductions 
more difficult.  Unfortunately, however, its winter 
distribution has changed fundamentally, favoring 
an increasing trend of even higher proportions of 
the herd on NER feed during winter (Fig. 6). [add 
additional information Doug B. presented at one 
of our meetings] Preliminary modeling suggests 
that the increasing proportion of the Jackson Elk 
Herd wintering on NER has been associated with 
1)changes in elk winter distribution associated 
with wolves and 2)high numbers of elk that 
summer immediately adjacent to NER (Cole and 
Foley et al. 2015).   
 

 
The factors responsible for this change are 
unknown but are likely a combination of weather 
conditions, elk behavior and shifts in elk 
distribution, possibly influenced by the presence 
of wolves in some historic native winter ranges.  
Regardless of the reason, this trend is the reverse 
of what is desired and will make achieving the 
Phase I objective of 5,000 elk on feed, and future 
reductions, more difficult.  
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013., and iIn recent years irrigation of 
approximately 3,600 acres has increased refuge-
wide forage production by approximately 10% 
compared to what would have been produced 
with precipitation alone, and by 15% in the 
southern portion of NER which receives the 
greatest use by elk and bison.. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes will have implications for elk 
and bison management. 
 
[any other changes to include here?] 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.   
 
Winter Feeding 

Commented [S8]: This is not clear, are bulls still  once in a 
lifetime? 

Commented [KS9]: Eric, please strengthen this based on your 
modeling and latest JWM paper. 

Commented [S10]: Can we be more specific about what 
constitutes “recent years” and based on that should this be 
included as an important change since 2007? 

Commented [KS11]: Eric, can we be more specific about the 
increase in forage for the primary elk/bison winter use area (south 
part of the NER)? 

Commented [S12]: How best to address climate change in this 
document could be a fruitful area for discussion at out next 
meeting. 

Commented [KS13]: Add elk arrival graph and anticipated 
climate change impacts and their general effects on need to feed. 



 

 10  
 

Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs/ac. Historic radio 
telemetry data and observations of elk 
movements indicate that when available forage 
delclines below 300 lbs/ac., some elk leave NER 
for surrounding private lands.   Thereforem tThe 
purpose of this feeding trigger is to keep elk on 
the NER and prevent them from searching off-
refuge for forage which increases the potential of 
comingling.  This trigger is not a warning that a 
significant nutritional deficit threshold has been 
reached.  per acre at key index sites and is 
considered conservative in terms of elk 
nutritional needs. Available winter forage for elk 

and bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  

 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 
lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February classification counts, 
2011–20153, relative to the current objective. [update through 2015] 
  OBJECTIVE 2011 2012 2013 2014 2015 mean 

NER 5,000 7,746 7,360 6,285 8,296 8,390 7,615 
Gros Ventre 3,500 2,775 3,265 2,982 2,326 1,162 2,502 
Native Range1 2,500 982 894 1,784 801 913 1,075 

Total 11,000 11,503 11,519 11,051 11,423 10,465 11,192 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 

  

 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56, range 329-457) hunters harvested 161 
(SD = 38, range 126-225) elk per year during the 
NER hunt. 

  
The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 7).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5, 
range 139-301) bison per year.  This level of 

harvest has been sufficient to arrest the 
exponential growth of the population, reducing 
bison numbers from the peak in 2007 to about 
700 animals in winter 2015 (Fig 3). Tribal bison 
harvest of up to 5 animals for ceremonial 
purposes was authorized in the BEMP.  
Translocation of wild bison to lands outside of 
Teton County is not currently permitted due to 
brucellosis concerns.  

Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions. For example, an emergency extension 
of the season (up to 31 January) could occur if 
mild winter conditions precluded desired harvest 
earlier in the season, while an emergency closure 
may be necessary if winter conditions required 
feeding to commence before the predetermined 
season end date.  
 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER rear year around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 
and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 

 
  Figure 7.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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GTNP to protect winter forage. Hazing efforts in 
August cease within several days to weeks of 
before the bison season in an effort to increase 
hunter harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 
implementation, followed by what remains to be 
accomplished] 
 
[Eric, anything you want to include in this section 
for NER?  Think in terms of providing background 
(current management) for anything you want to 
include in the budget for future actions 
(management strategies), so when it comes time 
to ask our agencies for funds it will be covered] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 

fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 
  
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
occurs one day in early February and  includes 
ground counts of animals on feed at the NER and 
aerial counts of outlying bison across their winter 
ranges on the refuge, park, and Bridger-Teton 
National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 
that winter would equal 5,000 elk X 100 days = 
50,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 25,000. 
 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 

bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Implementation of the AMP will have successfully 
attained the objective of “transitioning from 
intensive supplemental winter feeding to greater 
reliance on free-standing forage” when 
supplemental feeding was not used for more 
than 50% of the years in a 5 year period.    
 
Several management constraints are common to 
the strategies discussed below (Table 4).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements 
in GTNP and BTNF.  Similarly, compliance with the 
Wyoming greater sage-grouse core area 
protection executive order (2011-5) could restrict 
habitat manipulations.  NEPA compliance 
conducted as part of the BEMP/EIS constrains 
what federal actions can be taken as a part of this 
plan.  State regulations constrain late (winter) 
hunt and carcass disposal timing to protect 
against brucellosis contamination, since 
February-April represent the period bison and elk 
are most likely to transmit the disease.  
Restrictions on hunting timing also result from 
BTNF winter range closures, immediately east of 
the NER and elsewhere, December 1 to April 30.  
Additional details about these and other 
constraints will be included in discussions about 
specific strategies that follow. 
 
Strategies 
 
Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies for 
initiating change involve several flexible 
parameters of winter feeding and harvest.  To a 
lesser extent, vegetation protection and 

Table 4. Summary of Adaptive Management 
Plan constraints.  
Policy 
-ESA1 Lynx – limits on habitat impacts 
-Greater Sage Grouse – core area protection 
-2007 BEMP/EIS (federal actions/lands) 

• No fertility control 
• No test and slaughter 
• Limited tribal harvest 

-Bison/elk hunt end date (Feb. 1st)  
• WGFD, brucellosis safety 

Carcass disposal (Feb. 15th) 
• WGFD, brucellosis safety 

Forest Service winter closure (Dec. 1st – April 30th) 

Easement limitation (NER boundary) 
Winter Feeding 
Only during non-hunting periods 
Harvest 
State regulations 
Vegetation Restoration/Protection 
?Bison/elk distribution 
?Exotic plant species management 
Private Lands  
Owner agreements 
Social 
Hunter density (safety; hunt quality) 

Elk/bison winter mortality levels 

Public safety (ungulate/vehicle collisions) 

Disease  

Land-use conflicts (agricultural and residential) 

Biological 

Disease (bison/elk/cattle commingling) 

Sage grouse habitat conflicts 

Fencing/wildlife conflicts 
Elk herd distribution 

• summer segment distribution goals 

Funding 
Easement purchase 
Plan implementation 
1Endangered Species Act 
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restoration can be important, particularly for 
improving long-term ecological balance and 
enhancing natural production of native forage.  
Private lands are also an integral component as 
changes in elk and bison distribution occur and 
new challenges develop.  The likely consequences 
of implementing these strategies were evaluated 
in the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously, systematically, 
slowly. The strategies discussed below have been 
developed in this context, with appropriate 
feedback mechanisms through rigorous 
monitoring and frequent evaluation.   
 
Winter Feeding 
Winter feeding parameters that could be 
modified include starting date, ending date, and 
daily ration.  To modify elk and bison behavior in 
the long run, delaying initiation of feeding is likely 
to have the greatest impact by gradually 
conditioning them to expect feed later on 
average.   
 
To reduce supplemental feeding overall, ending 
feeding early would also help decrease the 
amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   
 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 5, Fig. 8).   Time of season could 
influence this interval, most likely shortening it as 

the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from December 30? [date] to February 28? 
[date].  Delaying feeding by two weeks in 
January, for example, is likely to be more 
successful than doing so in February, when food 
stress and tendency for animals to move to 
private lands is greater.  Forage availability could 
also have an influence, particularly if a freeze/ 
thaw event resulted in an acute and large 
reduction in available forage.  Both time of 
season and forage availability considerations 
would be affected by the numbers of elk and 
bison on the NER.  And finally, the distribution of 
animals, particularly on private, livestock 
producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer because of being displaced by 
more dominant animals.  Monitoring programs 
will include measures of calf mortality and it will 
be an influencing parameter in feedback 
mechanisms (Fig. 8).  The BEMP anticipated that 
elk mortality could increase from 1-2% overall to 
1-5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32??% based on an 
average feeding season length of ??9.3 weeks 
from 19956-2015. 
 
The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites, in a larger geographic area, and on-going 
measurements at those sites throughout the 
winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
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of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 
hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 5).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 
Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNP summer segment (since most 
park bulls migrate to the NER) would help inform 
levels of take proposed.  Bow hunting in areas 
currently closed to firearms will likely increase 
harvest by eliminating “no-hunt” areas which can 
become sanctuaries for large numbers of elk. 
Shifting the hunt one week later is consistent 
with later migrations and the availability of elk to 
harvest on the NER in recent yearswill improve 
harvest effectiveness. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has lead to significant increases of winter 
elk concentrations on the NER.    
 
[Insert long-term elk arrival graph – Eric] 

 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
 
Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 5).  Consideration would be given to later 
hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, State 
quotas will likely be reduced and management 
flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
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Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 
spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Fig. 9). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   
 
Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 
Several strategies would be employed to mitigate 
potential problems (Table 5), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 
purchase private lands easements to prevent co-
mingling. A vital component in implementing 
these mitigation measures is to establish three 
seasonal Wildlife Conflict Technicians positions 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the AMP 
(see Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMP mitigation efforts.  
 

Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    
 
Vegetation Restoration/Protection 
 
[NER and GTNP staff to draft material] 
 
Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 
 
A private lands Hunting Coordinator Position 
would be established and supervised by the 
WGFD to promote and coordinate hunting 
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activity focused on Southern Herd Segment 
harvest in and around private lands in the Spring 
Gulch Area north to Moose, WY (Hunt Area 78).    

Table 5 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold  <= 10%  
  Elk/bison distribution - visual    
  Elk/bison distribution –  
  collars 

   

  Winter mortality    
  Elk summer range 
  proportions 

   

    
Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 
   Structure  - 1 week initial drawing 

- 1 week left over 1st 
served 
- partial week alternate 

- 1 week initial drawing 
- 1 week left over 1st 
served 
- partial week alternate 
- daily 1st served 
alternates 

 

1Number elk and bison on feed per day, totaled by feeding season. 
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Table 5, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 
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Table 5, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   ?Landscape damage    
   Easement acquisition    
[could be further organized 
geographically or by 
ranch/property] 

   

    
?Vegetation Restoration/ 
Protection: Elk Refuge 

   

    
?Vegetation Restoration/ 
Protection: Grand Teton 
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Figure 8.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure 9. [example] Framework for harvest strategy and adaptive management. 
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Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMP (Table ??).  Since they were not part of the 
ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management plan, and thus they are 
not being considered at this time.   

 

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation of winter feeding).  
 
[Paragraph on sources of error if needed? Should 
include process error in calf survival model.] 
 
Elk winter distribution model 
 
The proportion of the JEH that winter on the NER 
will be linked to factors hypothesized to influence 

elk winter distribution (Fig. 2) using a generalized 
linear mixed effects model (GLMM). A GLMM can 
account for a proportional response variable (i.e., 
constrained to the interval 0–1) using a log link 
and binomially-distributed errors. A GLMM also 
includes fixed and random effects, with the latter 
capturing residual model variance otherwise not 
explained by fixed effects. Year will be including 
as a random effect, providing several benefits. 
First, we don’t assume years are independent and 
comprise all of the factor levels of interest. 
Instead, the effect of year is treated as a random 
variable, with individual year effects realizations 
of that distribution. This allows inference to non-
sampled factor levels, i.e. years, by estimating a 

Table ??.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due to 

major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest herd 
segment in Hunt Area 78 on private lands, where federal 
agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for AMP 
because current hunting programs appear effective at slowly 
moving the herd toward the 500 animal herd objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands because 
current hunting programs that utilize sport hunters are 
effective at meeting herd objectives. 

Altering rations of supplemental feed? Perhaps refer to appendix or side bar/boxRejected as a strategy 
because reducing daily feed ration below 8 lbs/elk would be 
enough feed to encourage elk to remain on NER but would 
result in unacceptably high elk calf mortality rates. 

Modifying herd objectives? Side bar/box discussion? 
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latent population-level proportion of elk 
expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect 
can be considered a latent variable describing elk 
behavior manifested as observed winter 
distribution. Second, because year effects are not 
treated as independent, estimated effects of year 
on the proportion of JEH elk wintering on the NER 
are dependent on all factor levels, leading to 
greater precision when estimating individual year 
effects (Kéry 2010).  
 
The full GLMM incorporating fixed effects for 
each factor identified as influencing elk winter 
distribution (Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 + 
𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝑆𝑆𝑡𝑡 + 𝜀𝜀𝑡𝑡 

 
where the random intercept and residual model 
variance are 
 
𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0

2 ), and 
 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
 
Fixed effects include 1) per capita available 
forage at initiation of winter feeding (AFI) , 2) 
proportion of the JEH that are short-distance 
migrants (SDM), 3) number of wolf packs present 
on JEH native winter range (WP), 4) growing 
season (May–August) precipitation for the 
Wyoming Snake Drainage climate division (GSP; a 
proxy for available forage on native winter 
range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early 
winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. 
(2003) has as an output weekly available forage 
biomass for the NER (sum of predictions for 30 × 
30 m cells). These predictions account for snow 
conditions using a proxy of SWE and decrement 
total available biomass by 35% to account for 
unpalatable plants within the total estimate.  

 
While calf survival is a function of multiple factors 
(Fig. 3), the primary management action 
influencing calf survival is supplemental winter 
feeding. Current winter feeding initiation criteria 
lead to calf survival generally higher than in unfed 
populations. Proposed feeding initiation criteria 
will result in later initiation of supplemental feed, 
which will be most influential to calf survival. 
There is currently little understanding regarding 
the relationship between initiation of winter 
feeding and calf survival, except that current 
feeding initiation criteria result in high calf 
survival. We believe a threshold level of available 
forage at initiation of winter feeding exists such 
that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized 
to decline quickly with reductions in available 
forage at winter feeding initiation. Available 
forage at the initiation of winter feeding will be 
related to on elk calf winter survival using a 
saturating function (i.e., Holling type-II functional 
response; Fig. 6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf 
survival is related to available forage. Maximum 
calf survival is a, and b represents the value of 
available forage to an individual when survival is 
50% of a (Hilborn and Mangel 1997).  
 
 
Although this approach doesn’t capture forage 
deficits per se, it does provide a potentially 
sensitive proxy for this concept. It is assumed 
that a forage deficit for calves would occur at a 
point on the curve of the relationship between 
calf survival and available forage at initiation of 
supplemental feeding. Modeling the response of 
winter calf elk survival to changes in feeding 
initiation criteria facilitates our ability to 
maximize the influence of feeding initiation 
criteria on winter distribution while minimizing 
the likelihood of a large mortality event.   
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MONITORING  
 
Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers; and 3) extending the monitoring 
period later in the winter to assess the 
relationship between available forage and elk and 
bison distribution. 

 
To better represent the total amount of forage 
available on the southern half of NER, a 
subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional random sample sites 
stratified by elk habitat preference will be added.   
Historic elk distribution mapping and elk GPS 
collar data (NER unpublished data) suggest that 
the areas most preferred by elk on southern NER 
are associated with moderate to high forage 
production and green vegetation.  Because the 
distribution of forage production and greenness 
characteristics vary annually based on irrigation 
and precipitation patterns, we will annually map 
areas preferred and not preferred by elk and 
sample sites will be randomly selected within 

 

Figure_. Hypothesized relationship between winter survival of elk calves and per capita available forage at 
initiation of winter feeding on the National Elk Refuge.  
 

Commented [KS42]: Let’s discuss. 



 

 24  
 

each of these mapped categories.   At least 3 
historic key index sites, 3 random sites in areas 
preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 
 
Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average 
forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the 
monitoring period will be extended to include the 
intervening 2 weeks.   
 
Proportion of Elk Wintering on NER 
 
A principal AMP goal is to reduce the number of 
elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 
each year, we will calculate the proportion of 

total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 
running average post AMP implementation to the 
pre-implementation baseline.  The pretreatment 
baseline will be comprised of data from  2008-
20165(16?), a time period that represents BEMP 
implementation prior to AMP actions (Figure #).   
 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMP implicitly assume that the 
transmission rate and prevalence of elk and bison 
diseases are density dependent and positively 
correlated with the number of elk and bison 
utilizing feedgrounds and the number of days 
they are fed.  We further assume the variables 
elk-fed-eays (EFD) and bison-fed-days (BFD) are a 
proxy for these conditions. EFD and BFD will be 
calculated annually for each species based on the 
following formulas:  
 
EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 

 

Figure_. Proportion of the Jackson Elk Herd that was 
classified on NER feedgrounds in the period following 
implementation of the Bison and Elk Management Plan 
and prior to the implementation of the Adaptive 
Management Plan (2008-2015).  These values 
represent the pretreatment baseline which will be 
compared to the 3 year running average post AMP 
implementation. 
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BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 
comparing the 3-year running average post AMP 

implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account forwide annual variation in EFD and BFD 
associated with winter severity (Figure #) 
 
Elk Winter Mortality Monitoring 
 
NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
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Figure_. Total and calf elk winter mortality (%) on NER 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the pretreatment 
baseline which will be compared to the 3 year running 
average post AMP implementation. 
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Figure_. Elk Fed Days (EFD) and Bison Fed Days (BFD) 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 
3 year running average EFD and BFD post AMP 
implementation. 
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corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMP implementation, 
which will allow trend comparisons to the pre 
AMP baseline (Figure #).  Under the AMP 
framework, we believe the 3 year running 
averages for total and calf winter elk mortality 
will be within the range of variation exhibited by 
the pre AMP baseline.  Historic monitoring 
suggests that calf and total mortality are sensitive 
to winter severity and disease outbreaks, and 
that winter mortality occasionally exceeds >3% 
total mortality and >10% calf mortality.  Post 
AMP mortality in excess of these levels may 
warrant shortening the 2-week feeding initiation 
delay in subsequent years. 
 
Elk Collaring 
 
One of the AMP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas.  To quantify this effect and provide real 
time information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 
sample of 50 GPS collars on elk that winter on 
NER throughout the AMP implementation period.  
Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This 
sample size will not be sufficient to detect all elk 
movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk 
movements from NER to surrounding private 
lands will increase during the AMP 
implementation period compared to the pre-

treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 
is the season when changes to the NER feeding 
program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 
Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 
need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis  
process includes brucellosis seroprevalence,  
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 
Cost estimate for Elk Collaring Project: 
$115,500 first year costs with $29,200 in 2017 
and $29,200 in 2018 to maintain sample size for 3 
years post AMP implementation. 
Total cost=$173,900 
 
Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post AMP 
implementation.  There are no recent brucellosis 
seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk 
collaring operations in winter 2016, and each elk 
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will be tested for Brucellosis exposure.  The 2016 
Brucellosis seroprevalence rate will be the pre-
treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 

introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 
management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 
CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 
technicians working from September-December 
are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 

 

 
EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 

strategies outlined in this plan will be in place for 
a minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 
an annual adaptive management update/report, 
completed by NER staff by the end of March for 
the previous year.  

 

PUBLIC OUTREACH AND EDUCATION  
The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMP 
implementation.  The practice of feeding elk 
evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMP in order to gain general 
consent to modify longstanding elk/bison herd 
management methods. 

 
[the remainder of this section is a draft 
communication plan that could be put in an 
appendix] 
 
Communication Goals 
 
Prior to the Adaptive Management Plan’s 
Implementation 
 
• Utilize a variety of outreach methods to 

inform the public on the goals and timing of 
the Adaptive Management Plan’s 
implementation and possible effects on 
wintering herds. 

• Utilize a variety of outreach methods to inform 
the public on public comment opportunities. 

• Identify and coordinate key messages and 
outreach with USFWS regional and national 
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offices, State and federal agency partners, non-
profits, elected officials, and other identified 
audiences. 

 
During the Adaptive Management Plan’s 
Implementation 
 
Continue to utilize a variety of outreach methods 
to describe current management actions as well 
as measurable and noticeable changes on the 
landscape, in animal behavior, or in animal health. 
Provide a comprehensive overview of the 

 
 

Adaptive Management Plan by providing links and 
references to previous outreach and background 
information. 
 
Communication Objectives 
 
• Work with current media contacts to promote 

news of the Adaptive Management Plan via 
print, radio, Web, and social media platforms. 

• Utilize new media and social media tools to 
provide information on why the Adaptive 
Management Plan was developed, what public 
comment opportunities exist, and how the 
plan is being implemented. 

• Plan, coordinate, and execute public meetings 
to allow for public comment and questions on 
the plan. 

• Develop and provide methods for the 
public to submit written comments on 
the Adaptive Management Plan. 

• Monitor print media on Refuge elk and bison 
management to see how Adaptive 
Management Plan objectives and reactions 
are being portrayed to the public. 

 
Current Outreach Resources 
 
• National Elk Refuge web site 
• National Elk Refuge news release list 
• (approximately  300 contacts) 
• National Elk Refuge Twitter site (1,039 

followers) 

• Bison and Elk Management Plan web site 
(http://www.fws.gov/bisonandelkplan/) 

• Space for an 11” x 17” poster in the Visitor 
Center on Refuge management topics 

• Display panels in the Visitor Center theater 
for temporary displays 

 
Available Supporting Outreach Resources 
 
• USFWS Mountain–Prairie External Affairs staff 
• USFWS Mountain–Prairie web site, including 

the 
• “Top Stories” feature 
• USFWS Mountain–Prairie Twitter site 

USFWS Mountain-Prairie Region Facebook 
page 

• USFWS National Wildlife Refuge System 
• Facebook page 
• USFWS Facebook page 
 
Previous Outreach Efforts 
 
• NER routinely writes and disseminates news 

releases on Refuge management activities, 
including the Comprehensive Conservation 
Plan, supplemental feeding, herd health 
monitoring, and forage production.  

• Post the above news stories as Content. 
• Management System (CMS) articles. 
• Post CMS news story promos so they 

prominently appear on the home page, linking 
readers to the articles. 

• Send out Twitter messages linking viewers back 
to the news stories. 

• Prepare, upload and provide links to Adobe 
PDF versions of news stories with addtional 
photos where additonal images are available 
and/or help understand or visualize the 
content. 

• Utilized the Conservation link on the web 
Content 

• Management System to post information about 
the Bison and Elk Management Plan and the 
draft Comprehensive Conservation Plan. 

• Retained and provided a link to the original 
Bison and Elk Management web page 
(http://www.fws. gov/bisonandelkplan/) that 
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was developed during the planning process. 
The web site includes links to the Final 
Plan/EIS, Record of Decision, Federal Register 
Notice of Availability for both the Record of 
Decision and Final Plan/EIS, associated news 
releases, public meeting highlights, and other 
related documents. Note: the National Elk 
Refuge does not manage the site. 

 
Additional Outreach Opportunities 

 
• Public meetings in Jackson and other identified 

locations. 
• Service–produced video; video could be posted 

to the National Elk Refuge’s multimedia web 
page, or USFWS Mountain–Prairie home page 
“Top Video” feature. 

• Live radio interview on KHOL (Jackson, WY 
radio) 

• Wyoming Public Radio interview with 
Refuge management staff 

• Interviews with local print media sources 
• Updates at community leader meetings such as 

Rotary Club, Jackson Hole Chamber of 
Commerce board meetings, and interagency 
breakfast meetings (with Federal agencies and 
local elected officials). 

 
Target Audiences 
 
Internal 
• Regional and National USFWS Leadership 
• Refuge permanent staff 
• Refuge seasonal staff 
• Refuge volunteers 
 
External 

• Congressional representatives 
• State of Wyoming leadership 
• Federal agency partners, particulary Grand 

Teton National Park and the Bridger–Teton 
National Forest 

• Wyoming Game & Fish Department 
• Other NER partners, including county and 

town agencies and local nonprofit 
organizations 

• Local elected officials 
• Private landowners in proximity to the National 
• Elk Refuge or neighboring Federal lands 
• Tribes 
• Local and state media 
• Local public 
 
Key Outreach Topics 
 
• Overview of BEMP objectives 
• Strategy to change elk/bison behavior 
• Threat of disease 
• Natural mortality rates 
• Anticipated winter distribution changes for 

bison/elk 
• Mitigate negative effects on private lands 
• Change elk behavior and distribution while 

avoiding increased mortality. 
• Explain the historic reasons a supplemental 

feeding program began and why it was 
continued.   

• Explain the NER’s limited large ungulate 
carrying capacity and the disproportionate 
impact of bison on available forage; 3 elk = 1 
bison. 
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SCHEDULES 
 

 

AMP Implementation Schedule 

 

 Action Date 
1 GPS Collar 30-40 elk prior to strategy implementation (Iridium platform) February 2016 
2. Public outreach and education March 2016 
3. Initiate private lands conflicts mitigation contacts/actions March 1, 2016 
4. Implement enhanced forage monitoring  March 1, 2016 
5. Initiate changes in supplemental feeding protocol January 2017 
6 Monitoring/Evaluation/Annual Report June 2017 

 

Table 10.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 
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BUDGET 

 

 

Table 11 [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Seasonal Biological 
Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 

     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment 
distribution1      

     Expanded standing forage 
estimates1      

     Chronic Wasting Disease, 2 
seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 

     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; 
Iridium Platform $115,000 $25,00029,000 $25,00029,000 $25,00030,000 $25,00030,000 

Bison barrier at NER south 
entrance $80,000 $1,000 $1,000 $1,000 $1,000 

Adaptive Management Plan 
annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 

Private lands:      
     Easements / Acquisition      
     Damage reimbursements 
(Wyoming)      

     Conflict mitigation 
coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 

Vegetation 
restoration/protection1      

Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 
Subtotal      

Grand Teton National Park:      
Monitoring:      
     Summer elk 
classification/distribution      

     Hunter harvest      
     Harvest age distribution      
     Transition range forage 
production/utilization      

Vegetation 
Restoration/Protection      

     T  bi  f i       
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APPENDIX 1.  Summary of primary potential impacts associated with reduced supplemental feeding, as identified in alternative 4 
environmental consequences section of the Final Bison and Elk Management Plan/Environmental Impact Statement (USFWS and USNPS 
2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter forage production, assessments of forage 

utilization (done jointly by WGFD and NER personnel), elk condition and movements, and potentially on the January 1 index of winter 
severity calculations for elk (Farnes, Heydon, and Hansen 1999). 

• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition (negligible adverse effect on NER elk from lower 

nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider distribution. 
• Elk use of lands surrounding the NER would increase, including: 

o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNP 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and Gros Ventre segments. 
• As ungulate numbers decreased and supplemental feeding was reduced, competition and aggressive social interactions on the refuge 

would also be reduced. 
• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability would have a greater influence on 
numbers, movements, distribution, and mortality. 

• More elk would be subject to natural factors affecting mortality, including loss of body condition, predation, and starvation. 
• Increased mortality on and off the refuge would mainly affect older elk and calves, and some prime bulls entering the winter 

energetically stressed due to rut activities. 
• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due to tuberculosis, septicemic pasturelosis, 
and CWD. 

• The health and sustainability of the Jackson elk herd would be increased gradually as supplemental feeding was reduced and there was 
greater reliance on standing forage and wider ungulate distribution. 

• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and potential transmission of brucellosis, as well as 

potential for spread of diseases not yet in the population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, to coordinate actions that would 
prevent conflicts due to elk dispersal and to defray costs of managing potential conflicts. Preventing access to food/hay rewards on 
private lands would be vital for effective management. 

• Private land conservation easements within NER boundaries would promote wider distribution.  
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APPENDIX 2.  Monitoring Supplemental Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured at every 5 steps along the random bearing determined for each site.  At each subplot a 13.27” 
diameter metal sampling ring will be placed on the ground. The amount of forage available to elk within the sampling ring (dry weight in grams) 
will be visually estimated.  The 13.27” diameter subplot allows easy conversion from grams to lbs. per acre (each gram is equivalent to 100 lbs. 
per acre). During annual forage production sampling, refuge biologist Eric Cole has made approximately 1,000 of these visual estimates per year 
for 17 years, and 33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will be the principal estimator, but 
additional personnel will be trained in these techniques to provide redundancy in the event of personnel changes, and to increase the number of 
observers to facilitate estimation of error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward when snow cover is limited, but estimating how 
much of the forage is accessible to elk when snow is dense, deep and crusted can be subjective.  To decrease the subjectivity of the estimation 
process, if the area under the sample ring is covered with snow, only forage that can be exposed with a gloved hand will be included in the 
estimate of available forage.  Forage that is fouled with manure and/or flush with the ground due to trampling and/or encrusted in ice will not 
be included in the estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an equivalent lbs./acre value (1 gram=100 lbs./acre).   The 
arithmetic mean of available forage (lbs./acre) for the 10 subplots provides an estimate of available forage for each index site.  There are 3 
sample site categories: 1) Historic  Key Index Sites that have been used since 2007, 2) New randomly selected sites within areas preferred by elk, 
and 3) New randomly selected sites in areas not preferred by elk.  Historic key index sites were not randomly selected, but were instead selected 
to represent areas most preferred by elk on the south end of NER.  These were the sites used to determine when supplemental feeding would 
be initiated from 2007 until the implementation of the AMP.  To facilitate comparison with pre-AMP data, we will continue to use mean lbs. per 
acre across historic key index sites to determine the 300 lbs. per acre threshold.  However, post AMP implementation we will delay feeding 
initiation by 2 weeks once the 300 lbs./acre level has been reached.  We will concurrently sample at randomly selected sites stratified on an 
annual basis between areas highly preferred and not highly preferred by elk.  This will enable us to quantify the relationship between mean 
forage availability at historic key index sites and random sites over time. 

 

 

 
 

 



From: Jeffrey Warren
To: Steve Kallin
Subject: RE: Draft AMP with Eric Cole Additions
Date: Tuesday, July 21, 2015 4:03:19 PM
Attachments: NER AMP Draft v1 8_7-17-2015_EColeadditions_jmw.docx

Steve,
I only had minor edits and a few specific comments in the attached draft; my thoughts on the
overall plan are as follows (in no particular order):
 1)      The plan is well written and provides a lot of background and historical information.

2)      Several sections (e.g., NEPA compliance, Strategies considered but rejected) could be put
in appendices, which may make it easier for the reader to focus on the more important
aspects.

3)      There doesn’t seem to be explicit connections between the introduction and
management actions, models, and monitoring. This will make it exceedingly difficult for the
reader to understand how we will learn about elk response to management changes, the crux
of a truly adaptive management plan. The management actions associated with winter feeding
need to be more explicitly defined as ‘treatments’ that the monitoring and models will assess.
Even if it isn’t described to the public in this way, management needs to be considered as an
ecological experiment that we learn from.

4)      The conceptual ecological models that were created to inform the models and
management need to be added back in. With a proper narrative they will help provide the
missing links between actions, models, and monitoring.

5)      I believe one of the most important questions to be addressed, how many elk the NER
can winter without supplemental feeding, has been overlooked in this draft. The NER is over
‘carrying capacity’, supported by supplemental feeding. Without supplemental feeding, how
many elk can the NER support within acceptable bounds of starvation-induced mortality, co-
mingling, and other private lands conflicts? Hobbs’ et al. work provided the initial prediction
for this, and was purportedly integral in drafting the BEMP. It can, and arguably should,
provide a framework for the AM plan so that in the next decade the refuge will be closer to an
answer to ‘how many elk without feeding’. Without that information collected collaboratively
by the participating agencies it seems that any future conversations regarding Jackson Elk
Herd objectives will still be based primarily on opinions and anecdotes.

6)      The current plan does not meet the criteria per the DOI AM Handbook and the
Conserving the Future's definition and guidance for AM.  This document may lead us down a
road of ad hoc management based on observations that are not explicitly linked to objectives.

 Good job. Give me a shout if you have questions.
 Cheers,



 
Jeff Warren
406 276-3536 ext. 106
 
 
“I believe that a scientist looking at nonscientific problems is just as dumb as the next guy.”  Richard
Feynman
 
“A great many people think they are thinking when they are merely rearranging their prejudices.”
William James
 

From: Steve Kallin [mailto:steve_kallin@fws.gov] 
Sent: Tuesday, July 21, 2015 11:35 AM
To: Jeffrey Warren
Subject: Draft AMP with Eric Cole Additions
 
Jeff:
 
Per our discussion this morning, attached is a recent draft AMP with additions from Eric Cole.  Some
of the red/underlined text have already been incorporated into the draft I sent you earlier today.
 
Thanks again for the help,
 
Steve Kallin
Project Leader
National Elk Refuge
PO Box 510
675 East Broadway
Jackson, WY 83001
Phone: (307) 201-5409
Fax: (307) 733-9729
steve_kallin@fws.gov
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population effects of the disease (USFWS and NPS 2007).  Given 
that CWD has been detected within 40 miles of the JEH in moose, 
within 70 miles in deer, and within 175 miles in elk, this level of 
surveillance is warranted.   
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies a approximately 
8,000 kmlarge area in the upper Snake River 
watershed north of the town of Jackson (Fig. 1).  
Much of the herd is migratory, moving between 
distinct wintering and summer ranges.  Primary 
wintering areas include the Buffalo Valley, lower 
elevations of the Gros Ventre River drainage, the 
National Elk Refuge (NER), and areas adjacent to 
the NER on Bridger-Teton National Forest (BTNF) 
lands.  Summering areas occur throughout the 
herd’s range and for convenience are divided into 
four geographic regions that include Grand Teton 
National Park (GTNP), Yellowstone National Park 
(YNP), the Gros Ventre drainage, and Teton 
Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 

“tusk hunters” and large-scale commercial 
hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
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and federal officials in Jackson Hole, to begin 
feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 
reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 

Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
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An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 

Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 
Preserve, Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 

to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and the bison are now fed 
more than a maintenance ration to reduce 
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 
 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
_).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt administered by WGFD.  This plan was 

halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig _).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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bison and elk management focused on four broad 
goals: 1) sustaining native habitatHabitat 
Conservation; 2) promoting sustainable 
populationsSustainable Populations; 3) 
maintaining population sizesNumbers of Elk and 
Bison; and 4) preventing spread of 
diseaseDisease Management.  The primary 
management scenarios presented in the 
alternatives included the status quo, terminating 
elk and bison hunting on the NER and elk hunting 
in GTNP, brucellosis vaccination options, 
restoring habitat, improving forage, and 
decreasing or phasing out supplemental winter 
feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk Adaptive 
Management Plan was developed to address the 
latter need specificallyand specifically addresses 
the criteria for a structured framework listed on 
page 5 of the Record of Decision (Fig. 4).  It does 
not address other on-going bison and elk 
management actions already prescribed by the 
BEMP. 
 
The BEMP scheduled the completion of an 
Adaptive Management Plan for 2008.  However, 
litigation challenging the BEMP in 2008 lead to 
the decision to postpone its development until 
litigation was resolved.  As of March 2015, two 
court rulings have upheld the 2007 BEMP and 
ROD. In a lawsuit against the  BEMP and its 
author agencies (Defenders of Wildlife et al. v. 
the U.S. Department of Interior and State of 
Wyoming 2010), plaintiffs argued that the BEMP 

violated the National Wildlife Refuge System 
Improvement Act (National Wildlife Refuge 
System Improvement Act 1997) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 
agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling 
(Defenders of Wildlife et al. v. the U.S. 
Department of Interior and State of Wyoming 
2011).   
 
 [any additional BEMP background needed in 
Intro?] 
 
National Environmental Protection Act 
Compliance 
 

The 1970 National Environmental Protection Act 
(NEPA; 42 U.S.C. 4321 et seq.) established 
national environmental policy and goals for the 
protection, maintenance, and enhancement of 
the environment on and provides a process for 
implementing these goals within the federal 
agencies.   Section 102 requires federal agencies 
to incorporate environmental considerations in 
their planning and decision-making through a 
systematic interdisciplinary approach. 
Specifically, all federal agencies are to prepare 
statements assessing the environmental impact 
of and alternatives to federal actions affecting 
the environment. Statements typically occur at 
three levels of analysis: categorical exclusion 
determination; preparation of an environmental 
assessment/finding of no significant impact 
(EA/FONSI); and, for major federal actions, 



 

 7  
 

preparation of an environmental impact 
statement (EIS).  

 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 

will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   

 
Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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objectives, 2) knowledge models describingof the 
dynamics of the system being managed, 3) clearly 
articulated management actions and strategies, 
and 4) a monitoring program to evaluate 
responses of the system to management actions 
(Walters 1986).   
 

 
OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 

goals, 20 associated objectives were addressed 
(Table 1).  This adaptive management plan 
addresses four objectives under the goal of 
sustainable populations (Fig. 6). 
 
In Phase 1 of the second objective, the aim is to 
reduce the average number of elk on feed to 
5,000 (while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP-adopted objective of 500. In 
Phase 2, the overall objective is to reduce the 
reliance of bison and elk on supplemental feed 

Table 1.  2007 Bison/Elk Management Plan Goals 
and Objectives (Adaptive Management Plan 
objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives: 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 

• Phase reduction of animals on feed: 1) to 
5,000 elk and 500 bison, and 2) elk and 
bison rely predominantly on native habitat. 

• Maintain natural bull-to-cow ratios in park 
summer herd. 

• Ensure a genetically viable bison herd with 
close to an even sex ratio. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 11,000. 
• Maintain a genetically viable bison 

population of about 500 animals. 
Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk from 
elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

 d  h  b  ldl f  d  
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(USFWS and USNPS 2007a).  Desired conditions 
include animals relying predominantly on native 
habitat and cultivated forage. Important 
consideration criteria for implementing Phase 2 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
private lands during high risk disease 

transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 

 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background  
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Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The adaptive 

management approach will necessarily be one of 
trial and error, constant evaluation, modifications 
to approach when indicated, and repeated trials 
(Fig 4).  As such the approach will also be 
experimental, but it will be guided by rigorous 
analysis and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,0001,200 animals 
in 2007 to about 700 during winter 2014-2015 
(Fig. 3) through hunting programs administered 
by WGFD.  Licensing changes were enacted in 
2014 to help increase harvest of female bison. 
These included a reduction in the bison cow/calf 
license fee (from $416 to $263 for residents and 
$2522 to $1022 for non-residents) and 
eliminating the once-in-a-lifetime restriction on a 
successful bison hunter to only those that 
successfully harvested a bull. Continued progress 
toward the 500 animal herd objective will require 
sustained harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000, but because the proportion of the 
Jackson Elk Herd that winters on NER has 
increased dramatically (Fig. 6), this will make 
achieving the Phase I objective of 5,000 elk on 
feed and any future elk population reductions 
more difficult.  Unfortunately, however, its winter 
distribution has changed fundamentally, favoring 
an increasing trend of even higher proportions of 
the herd on NER feed during winter (Fig. 6). [add 
additional information Doug B. presented at one 
of our meetings] Preliminary modeling suggests 
that the increasing proportion of the Jackson Elk 
Herd wintering on NER has been associated with 
1)changes in elk winter distribution associated 
with wolves and 2)high numbers of elk that 
summer immediately adjacent to NER (Cole and 
Foley et al. 2015).   
 

 
The factors responsible for this change are 
unknown but are likely a combination of weather 
conditions, elk behavior and shifts in elk 
distribution, possibly influenced by the presence 
of wolves in some historic native winter ranges.  
Regardless of the reason, this trend is the reverse 
of what is desired and will make achieving the 
Phase I objective of 5,000 elk on feed, and future 
reductions, more difficult.  
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013., and iIn recent years irrigation of 
approximately 3,600 acres has increased refuge-
wide forage production by approximately 10% 
compared to what would have been produced 
with precipitation alone, and by 15% in the 
southern portion of NER which receives the 
greatest use by elk and bison.. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes will have implications for elk 
and bison management. 
 
[any other changes to include here?] 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.   
 
Winter Feeding 
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Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs/ac. Historic radio 
telemetry data and observations of elk 
movements indicate that when available forage 
delclines below 300 lbs/ac., some elk leave NER 
for surrounding private lands.   Thereforem tThe 
purpose of this feeding trigger is to keep elk on 
the NER and prevent them from searching off-
refuge for forage which increases the potential of 
comingling.  This trigger is not a warning that a 
significant nutritional deficit threshold has been 
reached.  per acre at key index sites and is 
considered conservative in terms of elk 
nutritional needs. Available winter forage for elk 

and bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  

 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 
lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February classification counts, 
2011–20153, relative to the current objective. [update through 2015] 
  OBJECTIVE 2011 2012 2013 2014 2015 mean 

NER 5,000 7,746 7,360 6,285 8,296 8,390 7,615 
Gros Ventre 3,500 2,775 3,265 2,982 2,326 1,162 2,502 
Native Range1 2,500 982 894 1,784 801 913 1,075 

Total 11,000 11,503 11,519 11,051 11,423 10,465 11,192 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 

  

 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56, range 329-457) hunters harvested 161 
(SD = 38, range 126-225) elk per year during the 
NER hunt. 

  
The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 7).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5, 
range 139-301) bison per year.  This level of 

harvest has been sufficient to arrest the 
exponential growth of the population, reducing 
bison numbers from the peak in 2007 to about 
700 animals in winter 2015 (Fig 3). Tribal bison 
harvest of up to 5 animals for ceremonial 
purposes was authorized in the BEMP.  
Translocation of wild bison to lands outside of 
Teton County is not currently permitted due to 
brucellosis concerns.  

Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions. For example, an emergency extension 
of the season (up to 31 January) could occur if 
mild winter conditions precluded desired harvest 
earlier in the season, while an emergency closure 
may be necessary if winter conditions required 
feeding to commence before the predetermined 
season end date.  
 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER rear year around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 
and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 

 
  Figure 7.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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GTNP to protect winter forage. Hazing efforts in 
August cease within several days to weeks of 
before the bison season in an effort to increase 
hunter harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 
implementation, followed by what remains to be 
accomplished] 
 
[Eric, anything you want to include in this section 
for NER?  Think in terms of providing background 
(current management) for anything you want to 
include in the budget for future actions 
(management strategies), so when it comes time 
to ask our agencies for funds it will be covered] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 

fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 
  
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
occurs one day in early February and  includes 
ground counts of animals on feed at the NER and 
aerial counts of outlying bison across their winter 
ranges on the refuge, park, and Bridger-Teton 
National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 
that winter would equal 5,000 elk X 100 days = 
50,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 25,000. 
 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 

bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Implementation of the AMP will have successfully 
attained the objective of “transitioning from 
intensive supplemental winter feeding to greater 
reliance on free-standing forage” when 
supplemental feeding was not used for more 
than 50% of the years in a 5 year period.    
 
Several management constraints are common to 
the strategies discussed below (Table 4).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements 
in GTNP and BTNF.  Similarly, compliance with the 
Wyoming greater sage-grouse core area 
protection executive order (2011-5) could restrict 
habitat manipulations.  NEPA compliance 
conducted as part of the BEMP/EIS constrains 
what federal actions can be taken as a part of this 
plan.  State regulations constrain late (winter) 
hunt and carcass disposal timing to protect 
against brucellosis contamination, since 
February-April represent the period bison and elk 
are most likely to transmit the disease.  
Restrictions on hunting timing also result from 
BTNF winter range closures, immediately east of 
the NER and elsewhere, December 1 to April 30.  
Additional details about these and other 
constraints will be included in discussions about 
specific strategies that follow. 
 
Strategies 
 
Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies for 
initiating change involve several flexible 
parameters of winter feeding and harvest.  To a 
lesser extent, vegetation protection and 

Table 4. Summary of Adaptive Management 
Plan constraints.  
Policy 
-ESA1 Lynx – limits on habitat impacts 
-Greater Sage Grouse – core area protection 
-2007 BEMP/EIS (federal actions/lands) 

• No fertility control 
• No test and slaughter 
• Limited tribal harvest 

-Bison/elk hunt end date (Feb. 1st)  
• WGFD, brucellosis safety 

Carcass disposal (Feb. 15th) 
• WGFD, brucellosis safety 

Forest Service winter closure (Dec. 1st – April 30th) 

Easement limitation (NER boundary) 
Winter Feeding 
Only during non-hunting periods 
Harvest 
State regulations 
Vegetation Restoration/Protection 
?Bison/elk distribution 
?Exotic plant species management 
Private Lands  
Owner agreements 
Social 
Hunter density (safety; hunt quality) 

Elk/bison winter mortality levels 

Public safety (ungulate/vehicle collisions) 

Disease  

Land-use conflicts (agricultural and residential) 

Biological 

Disease (bison/elk/cattle commingling) 

Sage grouse habitat conflicts 

Fencing/wildlife conflicts 
Elk herd distribution 

• summer segment distribution goals 

Funding 
Easement purchase 
Plan implementation 
1Endangered Species Act 
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restoration can be important, particularly for 
improving long-term ecological balance and 
enhancing natural production of native forage.  
Private lands are also an integral component as 
changes in elk and bison distribution occur and 
new challenges develop.  The likely consequences 
of implementing these strategies were evaluated 
in the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously, systematically, 
slowly. The strategies discussed below have been 
developed in this context, with appropriate 
feedback mechanisms through rigorous 
monitoring and frequent evaluation.   
 
Winter Feeding 
Winter feeding parameters actions that could be 
modified include starting date, ending date, and 
daily ration.  To modify elk and bison behavior in 
the long run, delaying initiation of feeding is likely 
to have the greatest impact by gradually 
conditioning them to expect feed later on 
average.   
 
To reduce supplemental feeding overall, ending 
feeding early would also help decrease the 
amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   
 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 5, Fig. 8).   Time of season could 
influence this interval, most likely shortening it as 

the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from December 30? [date] to February 28? 
[date].  Delaying feeding by two weeks in 
January, for example, is likely to be more 
successful than doing so in February, when food 
stress and tendency for animals to move to 
private lands is greater.  Forage availability could 
also have an influence, particularly if a freeze/ 
thaw event resulted in an acute and large 
reduction in available forage.  Both time of 
season and forage availability considerations 
would be affected by the numbers of elk and 
bison on the NER.  And finally, the distribution of 
animals, particularly on private, livestock 
producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer because of being displaced by 
more dominant animals.  Monitoring programs 
will include measures of calf mortality and it will 
be an influencing parameter in feedback 
mechanisms (Fig. 8).  The BEMP anticipated that 
elk mortality could increase from 1-2% overall to 
1-5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32??% based on an 
average feeding season length of ??9.3 weeks 
from 19956-2015. 
 
The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites, in a larger geographic area, and on-going 
measurements at those sites throughout the 
winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
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of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 
hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 5).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 
Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNP summer segment (since most 
park bulls migrate to the NER) would help inform 
levels of take proposed.  Bow hunting in areas 
currently closed to firearms will likely increase 
harvest by eliminating “no-hunt” areas which can 
become sanctuaries for large numbers of elk. 
Shifting the hunt one week later is consistent 
with later migrations and the availability of elk to 
harvest on the NER in recent yearswill improve 
harvest effectiveness. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has lead to significant increases of winter 
elk concentrations on the NER.    
 
[Insert long-term elk arrival graph – Eric] 

 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
 
Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 5).  Consideration would be given to later 
hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, State 
quotas will likely be reduced and management 
flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
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Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 
spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Fig. 9). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   
 
Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 
Several strategies would be employed to mitigate 
potential problems (Table 5), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 
purchase private lands easements to prevent co-
mingling. A vital component in implementing 
these mitigation measures is to establish three 
seasonal Wildlife Conflict Technicians positions 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the AMP 
(see Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMP mitigation efforts.  
 

Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    
 
Vegetation Restoration/Protection 
 
[NER and GTNP staff to draft material] 
 
Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 
 
A private lands Hunting Coordinator Position 
would be established and supervised by the 
WGFD to promote and coordinate hunting 
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activity focused on Southern Herd Segment 
harvest in and around private lands in the Spring 
Gulch Area north to Moose, WY (Hunt Area 78).    

Table 5 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold  <= 10%  
  Elk/bison distribution - visual    
  Elk/bison distribution –  
  collars 

   

  Winter mortality    
  Elk summer range 
  proportions 

   

    
Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 
   Structure  - 1 week initial drawing 

- 1 week left over 1st 
served 
- partial week alternate 

- 1 week initial drawing 
- 1 week left over 1st 
served 
- partial week alternate 
- daily 1st served 
alternates 

 

1Number elk and bison on feed per day, totaled by feeding season. 
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Table 5, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 
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Table 5, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   ?Landscape damage    
   Easement acquisition    
[could be further organized 
geographically or by 
ranch/property] 

   

    
?Vegetation Restoration/ 
Protection: Elk Refuge 

   

    
?Vegetation Restoration/ 
Protection: Grand Teton 
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Figure 8.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure 9. [example] Framework for harvest strategy and adaptive management. 
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Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMP (Table ??).  Since they were not part of the 
ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management plan, and thus they are 
not being considered at this time.   

 

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation of winter feeding).  
 
[Paragraph on sources of error if needed? Should 
include process error in calf survival model.] 
 
Elk winter distribution model 
 
The proportion of the JEH that winter on the NER 
will be linked to factors hypothesized to influence 

elk winter distribution (Fig. 2) using a generalized 
linear mixed effects model (GLMM). A GLMM can 
account for a proportional response variable (i.e., 
constrained to the interval 0–1) using a log link 
and binomially-distributed errors. A GLMM also 
includes fixed and random effects, with the latter 
capturing residual model variance otherwise not 
explained by fixed effects. Year will be including 
as a random effect, providing several benefits. 
First, we don’t assume years are independent and 
comprise all of the factor levels of interest. 
Instead, the effect of year is treated as a random 
variable, with individual year effects realizations 
of that distribution. This allows inference to non-
sampled factor levels, i.e. years, by estimating a 

Table ??.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due to 

major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest herd 
segment in Hunt Area 78 on private lands, where federal 
agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for AMP 
because current hunting programs appear effective at slowly 
moving the herd toward the 500 animal herd objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands because 
current hunting programs that utilize sport hunters are 
effective at meeting herd objectives. 

Altering rations of supplemental feed? Perhaps refer to appendix or side bar/boxRejected as a strategy 
because reducing daily feed ration below 8 lbs/elk would be 
enough feed to encourage elk to remain on NER but would 
result in unacceptably high elk calf mortality rates. 

Modifying herd objectives? Side bar/box discussion? 
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latent population-level proportion of elk 
expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect 
can be considered a latent variable describing elk 
behavior manifested as observed winter 
distribution. Second, because year effects are not 
treated as independent, estimated effects of year 
on the proportion of JEH elk wintering on the NER 
are dependent on all factor levels, leading to 
greater precision when estimating individual year 
effects (Kéry 2010).  
 
The full GLMM incorporating fixed effects for 
each factor identified as influencing elk winter 
distribution (Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 + 
𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝑆𝑆𝑡𝑡 + 𝜀𝜀𝑡𝑡 

 
where the random intercept and residual model 
variance are 
 
𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0

2 ), and 
 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
 
Fixed effects include 1) per capita available 
forage at initiation of winter feeding (AFI) , 2) 
proportion of the JEH that are short-distance 
migrants (SDM), 3) number of wolf packs present 
on JEH native winter range (WP), 4) growing 
season (May–August) precipitation for the 
Wyoming Snake Drainage climate division (GSP; a 
proxy for available forage on native winter 
range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early 
winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. 
(2003) has as an output weekly available forage 
biomass for the NER (sum of predictions for 30 × 
30 m cells). These predictions account for snow 
conditions using a proxy of SWE and decrement 
total available biomass by 35% to account for 
unpalatable plants within the total estimate.  

 
While calf survival is a function of multiple factors 
(Fig. 3), the primary management action 
influencing calf survival is supplemental winter 
feeding. Current winter feeding initiation criteria 
lead to calf survival generally higher than in unfed 
populations. Proposed feeding initiation criteria 
will result in later initiation of supplemental feed, 
which will be most influential to calf survival. 
There is currently little understanding regarding 
the relationship between initiation of winter 
feeding and calf survival, except that current 
feeding initiation criteria result in high calf 
survival. We believe a threshold level of available 
forage at initiation of winter feeding exists such 
that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized 
to decline quickly with reductions in available 
forage at winter feeding initiation. Available 
forage at the initiation of winter feeding will be 
related to on elk calf winter survival using a 
saturating function (i.e., Holling type-II functional 
response; Fig. 6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf 
survival is related to available forage. Maximum 
calf survival is a, and b represents the value of 
available forage to an individual when survival is 
50% of a (Hilborn and Mangel 1997).  
 
 
Although this approach doesn’t capture forage 
deficits per se, it does provide a potentially 
sensitive proxy for this concept. It is assumed 
that a forage deficit for calves would occur at a 
point on the curve of the relationship between 
calf survival and available forage at initiation of 
supplemental feeding. Modeling the response of 
winter calf elk survival to changes in feeding 
initiation criteria facilitates our ability to 
maximize the influence of feeding initiation 
criteria on winter distribution while minimizing 
the likelihood of a large mortality event.   
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MONITORING  
 
Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers; and 3) extending the monitoring 
period later in the winter to assess the 
relationship between available forage and elk and 
bison distribution. 

 
To better represent the total amount of forage 
available on the southern half of NER, a 
subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional random sample sites 
stratified by elk habitat preference will be added.   
Historic elk distribution mapping and elk GPS 
collar data (NER unpublished data) suggest that 
the areas most preferred by elk on southern NER 
are associated with moderate to high forage 
production and green vegetation.  Because the 
distribution of forage production and greenness 
characteristics vary annually based on irrigation 
and precipitation patterns, we will annually map 
areas preferred and not preferred by elk and 
sample sites will be randomly selected within 

 

Figure_. Hypothesized relationship between winter survival of elk calves and per capita available forage at 
initiation of winter feeding on the National Elk Refuge.  
 

Commented [KS53]: Let’s discuss. 



 

 24  
 

each of these mapped categories.   At least 3 
historic key index sites, 3 random sites in areas 
preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 
 
Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average 
forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the 
monitoring period will be extended to include the 
intervening 2 weeks.   
 
Proportion of Elk Wintering on NER 
 
A principal AMP goal is to reduce the number of 
elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 
each year, we will calculate the proportion of 

total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 
running average post AMP implementation to the 
pre-implementation baseline.  The pretreatment 
baseline will be comprised of data from  2008-
20165(16?), a time period that represents BEMP 
implementation prior to AMP actions (Figure #).   
 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMP implicitly assume that the 
transmission rate and prevalence of elk and bison 
diseases are density dependent and positively 
correlated with the number of elk and bison 
utilizing feedgrounds and the number of days 
they are fed.  We further assume the variables 
elk-fed-eays (EFD) and bison-fed-days (BFD) are a 
proxy for these conditions. EFD and BFD will be 
calculated annually for each species based on the 
following formulas:  
 
EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 

 

Figure_. Proportion of the Jackson Elk Herd that was 
classified on NER feedgrounds in the period following 
implementation of the Bison and Elk Management Plan 
and prior to the implementation of the Adaptive 
Management Plan (2008-2015).  These values 
represent the pretreatment baseline which will be 
compared to the 3 year running average post AMP 
implementation. 

0

20

40

60

80

100

2008 2009 2010 2011 2012 2013 2014 2015



 

 25  
 

 
BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 
comparing the 3-year running average post AMP 

implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account forwide annual variation in EFD and BFD 
associated with winter severity (Figure #) 
 
Elk Winter Mortality Monitoring 
 
NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
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Figure_. Total and calf elk winter mortality (%) on NER 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the pretreatment 
baseline which will be compared to the 3 year running 
average post AMP implementation. 
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Figure_. Elk Fed Days (EFD) and Bison Fed Days (BFD) 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 
3 year running average EFD and BFD post AMP 
implementation. 
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corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMP implementation, 
which will allow trend comparisons to the pre 
AMP baseline (Figure #).  Under the AMP 
framework, we believe the 3 year running 
averages for total and calf winter elk mortality 
will be within the range of variation exhibited by 
the pre AMP baseline.  Historic monitoring 
suggests that calf and total mortality are sensitive 
to winter severity and disease outbreaks, and 
that winter mortality occasionally exceeds >3% 
total mortality and >10% calf mortality.  Post 
AMP mortality in excess of these levels may 
warrant shortening the 2-week feeding initiation 
delay in subsequent years. 
 
Elk Collaring 
 
One of the AMP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas.  To quantify this effect and provide real 
time information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 
sample of 50 GPS collars on elk that winter on 
NER throughout the AMP implementation period.  
Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This 
sample size will not be sufficient to detect all elk 
movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk 
movements from NER to surrounding private 
lands will increase during the AMP 
implementation period compared to the pre-

treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 
is the season when changes to the NER feeding 
program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 
Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 
need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis  
process includes brucellosis seroprevalence,  
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 
Cost estimate for Elk Collaring Project: 
$115,500 first year costs with $29,200 in 2017 
and $29,200 in 2018 to maintain sample size for 3 
years post AMP implementation. 
Total cost=$173,900 
 
Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post AMP 
implementation.  There are no recent brucellosis 
seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk 
collaring operations in winter 2016, and each elk 
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will be tested for Brucellosis exposure.  The 2016 
Brucellosis seroprevalence rate will be the pre-
treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 

introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 
management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 
CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 
technicians working from September-December 
are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 

 

 
EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 

strategies outlined in this plan will be in place for 
a minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 
an annual adaptive management update/report, 
completed by NER staff by the end of March for 
the previous year.  

 

PUBLIC OUTREACH AND EDUCATION  
The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMP 
implementation.  The practice of feeding elk 
evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMP in order to gain general 
consent to modify longstanding elk/bison herd 
management methods. 

 
[the remainder of this section is a draft 
communication plan that could be put in an 
appendix] 
 
Communication Goals 
 
Prior to the Adaptive Management Plan’s 
Implementation 
 
• Utilize a variety of outreach methods to 

inform the public on the goals and timing of 
the Adaptive Management Plan’s 
implementation and possible effects on 
wintering herds. 

• Utilize a variety of outreach methods to inform 
the public on public comment opportunities. 

• Identify and coordinate key messages and 
outreach with USFWS regional and national 
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offices, State and federal agency partners, non-
profits, elected officials, and other identified 
audiences. 

 
During the Adaptive Management Plan’s 
Implementation 
 
Continue to utilize a variety of outreach methods 
to describe current management actions as well 
as measurable and noticeable changes on the 
landscape, in animal behavior, or in animal health. 
Provide a comprehensive overview of the 

 
 

Adaptive Management Plan by providing links and 
references to previous outreach and background 
information. 
 
Communication Objectives 
 
• Work with current media contacts to promote 

news of the Adaptive Management Plan via 
print, radio, Web, and social media platforms. 

• Utilize new media and social media tools to 
provide information on why the Adaptive 
Management Plan was developed, what public 
comment opportunities exist, and how the 
plan is being implemented. 

• Plan, coordinate, and execute public meetings 
to allow for public comment and questions on 
the plan. 

• Develop and provide methods for the 
public to submit written comments on 
the Adaptive Management Plan. 

• Monitor print media on Refuge elk and bison 
management to see how Adaptive 
Management Plan objectives and reactions 
are being portrayed to the public. 

 
Current Outreach Resources 
 
• National Elk Refuge web site 
• National Elk Refuge news release list 
• (approximately  300 contacts) 
• National Elk Refuge Twitter site (1,039 

followers) 

• Bison and Elk Management Plan web site 
(http://www.fws.gov/bisonandelkplan/) 

• Space for an 11” x 17” poster in the Visitor 
Center on Refuge management topics 

• Display panels in the Visitor Center theater 
for temporary displays 

 
Available Supporting Outreach Resources 
 
• USFWS Mountain–Prairie External Affairs staff 
• USFWS Mountain–Prairie web site, including 

the 
• “Top Stories” feature 
• USFWS Mountain–Prairie Twitter site 

USFWS Mountain-Prairie Region Facebook 
page 

• USFWS National Wildlife Refuge System 
• Facebook page 
• USFWS Facebook page 
 
Previous Outreach Efforts 
 
• NER routinely writes and disseminates news 

releases on Refuge management activities, 
including the Comprehensive Conservation 
Plan, supplemental feeding, herd health 
monitoring, and forage production.  

• Post the above news stories as Content. 
• Management System (CMS) articles. 
• Post CMS news story promos so they 

prominently appear on the home page, linking 
readers to the articles. 

• Send out Twitter messages linking viewers back 
to the news stories. 

• Prepare, upload and provide links to Adobe 
PDF versions of news stories with addtional 
photos where additonal images are available 
and/or help understand or visualize the 
content. 

• Utilized the Conservation link on the web 
Content 

• Management System to post information about 
the Bison and Elk Management Plan and the 
draft Comprehensive Conservation Plan. 

• Retained and provided a link to the original 
Bison and Elk Management web page 
(http://www.fws. gov/bisonandelkplan/) that 
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was developed during the planning process. 
The web site includes links to the Final 
Plan/EIS, Record of Decision, Federal Register 
Notice of Availability for both the Record of 
Decision and Final Plan/EIS, associated news 
releases, public meeting highlights, and other 
related documents. Note: the National Elk 
Refuge does not manage the site. 

 
Additional Outreach Opportunities 

 
• Public meetings in Jackson and other identified 

locations. 
• Service–produced video; video could be posted 

to the National Elk Refuge’s multimedia web 
page, or USFWS Mountain–Prairie home page 
“Top Video” feature. 

• Live radio interview on KHOL (Jackson, WY 
radio) 

• Wyoming Public Radio interview with 
Refuge management staff 

• Interviews with local print media sources 
• Updates at community leader meetings such as 

Rotary Club, Jackson Hole Chamber of 
Commerce board meetings, and interagency 
breakfast meetings (with Federal agencies and 
local elected officials). 

 
Target Audiences 
 
Internal 
• Regional and National USFWS Leadership 
• Refuge permanent staff 
• Refuge seasonal staff 
• Refuge volunteers 
 
External 

• Congressional representatives 
• State of Wyoming leadership 
• Federal agency partners, particulary Grand 

Teton National Park and the Bridger–Teton 
National Forest 

• Wyoming Game & Fish Department 
• Other NER partners, including county and 

town agencies and local nonprofit 
organizations 

• Local elected officials 
• Private landowners in proximity to the National 
• Elk Refuge or neighboring Federal lands 
• Tribes 
• Local and state media 
• Local public 
 
Key Outreach Topics 
 
• Overview of BEMP objectives 
• Strategy to change elk/bison behavior 
• Threat of disease 
• Natural mortality rates 
• Anticipated winter distribution changes for 

bison/elk 
• Mitigate negative effects on private lands 
• Change elk behavior and distribution while 

avoiding increased mortality. 
• Explain the historic reasons a supplemental 

feeding program began and why it was 
continued.   

• Explain the NER’s limited large ungulate 
carrying capacity and the disproportionate 
impact of bison on available forage; 3 elk = 1 
bison. 
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SCHEDULES 
 

 

AMP Implementation Schedule 

 

 Action Date 
1 GPS Collar 30-40 elk prior to strategy implementation (Iridium platform) February 2016 
2. Public outreach and education March 2016 
3. Initiate private lands conflicts mitigation contacts/actions March 1, 2016 
4. Implement enhanced forage monitoring  March 1, 2016 
5. Initiate changes in supplemental feeding protocol January 2017 
6 Monitoring/Evaluation/Annual Report June 2017 

 

Table 10.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 
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BUDGET 

 

 

Table 11 [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Seasonal Biological 
Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 

     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment 
distribution1      

     Expanded standing forage 
estimates1      

     Chronic Wasting Disease, 2 
seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 

     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; 
Iridium Platform $115,000 $25,00029,000 $25,00029,000 $25,00030,000 $25,00030,000 

Bison barrier at NER south 
entrance $80,000 $1,000 $1,000 $1,000 $1,000 

Adaptive Management Plan 
annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 

Private lands:      
     Easements / Acquisition      
     Damage reimbursements 
(Wyoming)      

     Conflict mitigation 
coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 

Vegetation 
restoration/protection1      

Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 
Subtotal      

Grand Teton National Park:      
Monitoring:      
     Summer elk 
classification/distribution      

     Hunter harvest      
     Harvest age distribution      
     Transition range forage 
production/utilization      

Vegetation 
Restoration/Protection      

     T  bi  f i       
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APPENDIX 1.  Summary of primary potential impacts associated with reduced supplemental feeding, as identified in alternative 4 
environmental consequences section of the Final Bison and Elk Management Plan/Environmental Impact Statement (USFWS and USNPS 
2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter forage production, assessments of forage 

utilization (done jointly by WGFD and NER personnel), elk condition and movements, and potentially on the January 1 index of winter 
severity calculations for elk (Farnes, Heydon, and Hansen 1999). 

• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition (negligible adverse effect on NER elk from lower 

nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider distribution. 
• Elk use of lands surrounding the NER would increase, including: 

o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNP 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and Gros Ventre segments. 
• As ungulate numbers decreased and supplemental feeding was reduced, competition and aggressive social interactions on the refuge 

would also be reduced. 
• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability would have a greater influence on 
numbers, movements, distribution, and mortality. 

• More elk would be subject to natural factors affecting mortality, including loss of body condition, predation, and starvation. 
• Increased mortality on and off the refuge would mainly affect older elk and calves, and some prime bulls entering the winter 

energetically stressed due to rut activities. 
• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due to tuberculosis, septicemic pasturelosis, 
and CWD. 

• The health and sustainability of the Jackson elk herd would be increased gradually as supplemental feeding was reduced and there was 
greater reliance on standing forage and wider ungulate distribution. 

• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and potential transmission of brucellosis, as well as 

potential for spread of diseases not yet in the population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, to coordinate actions that would 
prevent conflicts due to elk dispersal and to defray costs of managing potential conflicts. Preventing access to food/hay rewards on 
private lands would be vital for effective management. 

• Private land conservation easements within NER boundaries would promote wider distribution.  
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APPENDIX 2.  Monitoring Supplemental Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured at every 5 steps along the random bearing determined for each site.  At each subplot a 13.27” 
diameter metal sampling ring will be placed on the ground. The amount of forage available to elk within the sampling ring (dry weight in grams) 
will be visually estimated.  The 13.27” diameter subplot allows easy conversion from grams to lbs. per acre (each gram is equivalent to 100 lbs. 
per acre). During annual forage production sampling, refuge biologist Eric Cole has made approximately 1,000 of these visual estimates per year 
for 17 years, and 33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will be the principal estimator, but 
additional personnel will be trained in these techniques to provide redundancy in the event of personnel changes, and to increase the number of 
observers to facilitate estimation of error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward when snow cover is limited, but estimating how 
much of the forage is accessible to elk when snow is dense, deep and crusted can be subjective.  To decrease the subjectivity of the estimation 
process, if the area under the sample ring is covered with snow, only forage that can be exposed with a gloved hand will be included in the 
estimate of available forage.  Forage that is fouled with manure and/or flush with the ground due to trampling and/or encrusted in ice will not 
be included in the estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an equivalent lbs./acre value (1 gram=100 lbs./acre).   The 
arithmetic mean of available forage (lbs./acre) for the 10 subplots provides an estimate of available forage for each index site.  There are 3 
sample site categories: 1) Historic  Key Index Sites that have been used since 2007, 2) New randomly selected sites within areas preferred by elk, 
and 3) New randomly selected sites in areas not preferred by elk.  Historic key index sites were not randomly selected, but were instead selected 
to represent areas most preferred by elk on the south end of NER.  These were the sites used to determine when supplemental feeding would 
be initiated from 2007 until the implementation of the AMP.  To facilitate comparison with pre-AMP data, we will continue to use mean lbs. per 
acre across historic key index sites to determine the 300 lbs. per acre threshold.  However, post AMP implementation we will delay feeding 
initiation by 2 weeks once the 300 lbs./acre level has been reached.  We will concurrently sample at randomly selected sites stratified on an 
annual basis between areas highly preferred and not highly preferred by elk.  This will enable us to quantify the relationship between mean 
forage availability at historic key index sites and random sites over time. 
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EXECUTIVE SUMMARY [incomplete] 

 

Overview 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands, focused on four broad goals related to: 1) 
habitat conservation; 2) sustainable populations; 
3) numbers of elk and bison; and 4) disease 
management.  The final plan directed the NER 
and GTNP (in conjunction with the Wyoming 
Game and Fish Department; WGFD) to maintain 
the state’s elk herd objective of 11,000, establish 
a bison population objective of 500, restore 
habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program, when necessary in GTNP,  
continue to vaccinate elk for and effective 
vaccine becomes available, and develop a 
dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk Adaptive 
Management Plan was developed to address the 
latter and specifically addresses the criteria for a 
structured framework referenced in the Record 
of Decision. 
Background 

Winter feeding of elk in Jackson was originally 
initiated to reduce winter mortality of elk and 
minimize depredation of ranchers’ hay.   The loss 
of available winter range in Jackson Hole due to 
new ranching operations and a growing town 
resulted in significant numbers of elk dying during 
several severe winters in the late 1800s and early 
1900s. This prompted local citizens and 
organizations, as well as state and federal officials 
in Jackson Hole, to begin feeding elk in the winter 
of 1910–11. Congress heeded the appeals for 
assistance and on August 10, 1912, established 

the National Elk Refuge. Today, the need for the 
refuge’s winter elk feeding program is a direct 
result of reduced access to significant parts of elk 
native winter range, loss of historic migration 
patterns, behavioral conditioning of elk to winter 
feeding, and the desire to maintain a population 
objective established in the context of 
supplemental feeding. 

Bison were extirpated outside Yellowstone 
National Park (YNP) by the mid-1880s but in 1948 
were reintroduced to Jackson Hole when 20 bison 
from (YNP) were released near Moran, Wyoming.  
The herd remained small until discovering elk 
feedlines in 1980, when the population began 
sustained population growth.  Bison and elk that 
winter on the NER are migratory and occupy 
summer ranges predominantly to the north. 

Objectives 

This adaptive management plan addresses 
several objectives under a broader BEMP goal of 
sustainable populations, which directed the 
agencies to: 1) Develop an adaptive management 
plan for reducing NER supplemental feeding; 2) 
[implement a] phased reduction of animals on 
feed: a) to 5,000 elk and 500 bison, and b) [to a 
point where] elk and bison rely predominantly on 
native habitat; 3) maintain natural elk bull-to-cow 
ratios in park summer herd; and 4) Enhance 
public outreach/education.  The BEMP further 
stated that consideration criteria for 
implementing the 2nd phase of reduced feeding 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
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private lands during high risk disease 
transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and 
bison on the NER to greater reliance on free-
standing forage, while maintaining population 
and herd ratio objectives.  
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies a large area in the 
upper Snake River watershed north of the town 
of Jackson (Fig. 1).  Much of the herd is migratory, 
moving between distinct wintering and summer 
ranges.  Primary wintering areas include the 
Buffalo Valley, lower elevations of the Gros 
Ventre River drainage, the National Elk Refuge 
(NER), and areas adjacent to the NER on Bridger-
Teton National Forest (BTNF) lands.  Summering 
areas occur throughout the herd’s range and for 
convenience are divided into four geographic 
regions that include Grand Teton National Park 
(GTNP), Yellowstone National Park (YNP), the 
Gros Ventre drainage, and Teton Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 
“tusk hunters” and large-scale commercial 

hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
and federal officials in Jackson Hole, to begin 
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feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 
reserve” (37 Stat. 293). The first winter census in 

the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 
Today, the need for the refuge’s winter elk 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
 
An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 
Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 
tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 
Preserve, Inc., and the Wyoming Game and Fish 

Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 
to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and a variety of feeding 
strategies are employed to help reduce  
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 
 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
3).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt administered by WGFD.  This plan was 

halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig 3).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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bison and elk management focused on four broad 
goals related to: 1) habitat conservation; 2) 
sustainable populations; 3) numbers of elk and 
bison; and 4) disease management.  The primary 
management scenarios presented in the 
alternatives included the status quo, terminating 
elk and bison hunting on the NER and the elk 
reduction program in GTNP, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk Adaptive 
Management Plan was developed to address the 
latter and specifically addresses the criteria for a 
structured framework listed on page 5 of the 
Record of Decision (Fig. 4).  It does not address 
other on-going bison and elk management 
actions already prescribed by the BEMP. 
 
The BEMP scheduled the completion of an 
Adaptive Management Plan for 2008.  However, 
litigation challenging the BEMP in 2008 led to the 
decision to postpone its development until 
litigation was resolved.  As of March 2015, two 
court rulings have upheld the 2007 BEMP and 
ROD. In a lawsuit against the  BEMP and its 
author agencies (Defenders of Wildlife et al. v. 
the U.S. Department of Interior and State of 

Wyoming 2010), plaintiffs argued that the BEMP 
violated the National Wildlife Refuge System 
Improvement Act (National Wildlife Refuge 
System Improvement Act 1997) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 
agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling 
(Defenders of Wildlife et al. v. the U.S. 
Department of Interior and State of Wyoming 
2011).   
 
National Environmental Protection Act 
Compliance 
 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   
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Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 
objectives, 2 knowledge of the dynamics of the 
system being managed, 3) clearly articulated 
management actions and strategies, and 4) a 

monitoring program to evaluate responses of the 
system to management actions (Walters 1986). 
 
This Step-Down Plan utilizes adaptive 
management planning principles but is not 
intended to meet all of the adaptive 
management planning elements outlined in the 
Department of Interior Adaptive Management 
Technical Guide (2007).  This Step-Down Plan is 
more accurately described as a “structured 
framework of adaptive management actions that 
progressively transitions from supplemental 
winter feeding to greater reliance on free-
standing forage (BEMP ROD p.5).     
 

 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 

and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 

Table 1.  2007 Bison/Elk Management Plan 
Goals and Objectives (Adaptive Management 
Plan objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and 

cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives: 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 

• Phase reduction of animals on feed: 1) 
to 5,000 elk and 500 bison, and 2) elk 
and bison rely predominantly on native 
habitat. 

• Maintain natural bull-to-cow ratios in 
park summer herd. 

• Ensure a genetically viable bison herd 
with close to an even sex ratio. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 
11,000. 

• Maintain a genetically viable bison 
population of about 500 animals. 

Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk 
from elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

• Educate hunters about wildlife disease 
human health hazards. 
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and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 
goals, 20 associated objectives were addressed 
(Table 1).  This adaptive management plan 
addresses four objectives under the goal of 
sustainable populations (Fig. 5). 
 
In Phase 1 of the second objective, the aim is to 
reduce the average number of elk on feed to 
5,000 (while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP-adopted objective of 500. In 
Phase 2, the overall objective is to reduce the 
reliance of bison and elk on supplemental feed 
(USFWS and USNPS 2007a).  Desired conditions 
include animals relying predominantly on native 
habitat and cultivated forage. Important 
consideration criteria for implementing Phase 2 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 

desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
private lands during high risk disease 
transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 
 
This Plan focuses on management actions to 
initially achieve Phase 1 objectives. However, if 
successful, these actions should continue to be 
used to achieve the Phase 2 objective of reducing 
reliance on supplemental feeding while 
considering the six criteria listed above.      
 

 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background  
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Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The adaptive 

management approach will necessarily be one of 
trial and error, constant evaluation, modifications 
to approach when indicated, and repeated trials 
(Fig 4).  As such the approach will also be 
experimental, but it will be guided by rigorous 
analysis and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,200 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 
to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000.  Unfortunately, however, its winter 
distribution has changed fundamentally, favoring 
an increasing trend of even higher proportions of 
the herd on NER feed during winter (Fig. 6).  
 
The factors responsible for this change are 
unknown but are likely a combination of weather 
conditions, elk behavior and shifts in elk 
distribution, possibly influenced by the presence 
of wolves in some historic native winter ranges.  
Regardless of the reason, this trend is the reverse 
of what is desired and will make achieving the 
Phase I objective of 5,000 elk on feed, and future 
reductions, more difficult.  
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–

2013, and in recent years irrigation of 
approximately 3,600 acres has increased forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes will have implications for elk 
and bison management. 
 
[any other changes to include here?] 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.   
 
Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs per acre at key index sites 
and is considered conservative in terms of elk 
nutritional needs. Available winter forage for elk 
and bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  

Commented [S5]: Can we be more specific about what 
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Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 
lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 

employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 

the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56) hunters harvested 161 (SD = 38) elk per 
year during the NER hunt. 

  
The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 8).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2013, relative to the current objective. [update through 2015] 
  OBJECTIVE 2011 2012 2013 mean 
NER 5,000 7,746 7,360 6,285 7,130 
Gros Ventre 3,500 2,775 3,265 2,982 3,007 
Native Range1 2,500 982 894 1,784 1,220 
Total 11,000 11,503 11,519 11,051 11,357 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 
 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5) 
bison per year.  This level of harvest has been 
sufficient to arrest the exponential growth of the 
population, reducing bison numbers from the 
peak in 2007 to about 700 animals in winter 2015 
(Fig 3). Tribal bison harvest of up to 5 animals for 
ceremonial purposes was authorized in the 
BEMP.  Translocation of wild bison to lands 
outside of Teton County is not currently 
permitted due to brucellosis concerns.  

Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 

makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions.  
 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER year around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 
and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease several days to weeks before the 
bison hunting season in an effort to increase 
hunter harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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  Figure 8.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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implementation, followed by what remains to be 
accomplished] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 
  
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
occurs one day in early February and includes 
ground counts of animals on feed at the NER and 
aerial counts of outlying bison across their winter 
ranges on the refuge, park, and Bridger-Teton 
National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 

the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 
that winter would equal 5,000 elk X 100 days = 
50,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 25,000. 
 
We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 
bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Implementation of the AMP will have successfully 
attained the objective of “transitioning from 
intensive supplemental winter feeding to greater 
reliance on free-standing forage” when 
supplemental feeding was not used for more 
than 50% of the years in a 5 year period. 
 
Initial success of AMP implementation will be a 
consistent decline in the 3-year running average 
of elk and bison fed days from the established 
baseline. While the BEMP did provide specific 
measurement criteria for the definition of 
“transitioning from intensive supplemental 
winter feeding to greater reliance on free-
standing forage” we will consider this objective 
met when the 3-year running average of elk and 
bison fed days is <50% of baseline for 5 years in a 
row.   
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Several management constraints are common to 
the strategies discussed below (Table 3).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements.  
Similarly, compliance with the Wyoming greater 
sage-grouse core area protection executive order 
(2011-5) could restrict habitat manipulations.  
NEPA compliance conducted as part of the 
BEMP/EIS constrains what federal actions can be 
taken as a part of this plan.  State regulations 
constrain late (winter) hunt and carcass disposal 
timing to protect against brucellosis 
contamination, since February-April represent 
the period bison and elk are most likely to 
transmit the disease.  Restrictions on hunting 
timing also result from BTNF winter range 
closures, immediately east of the NER and 
elsewhere, December 1 to April 30.  Additional 
details about these and other constraints will be 
included in discussions about specific strategies 
that follow. 
 
Strategies 
 
This section will describe the management action 
this AMP proposes to implement.  As such, it 
unveils the heart of management changes 
necessary to begin the process of transitioning to 
more reliance of bison and elk on native forage 
during winter.  Initial strategies for achieving 
sustainable population goals identified in the 
BEMP (Table 1) are presented by objective below.  
The primary management actions available to the 
agencies for initiating change involve several 
flexible parameters of winter feeding and 
harvest.  To a lesser extent, vegetation protection 
and restoration can be important, particularly for 
improving long-term ecological balance and 
enhancing natural production of native forage.  
Private lands are also an integral component as 
changes in elk and bison distribution occur and 
new challenges develop.  The likely consequences 
of implementing these strategies were evaluated 

Table 3. Summary of potential Adaptive 
Management Plan constraints.  
Policy 
• ESA1 Lynx – limits on habitat impacts 
• Greater Sage Grouse – core area protection 
• 2007 BEMP/EIS (federal actions/lands) 

o No fertility control 
o No test and slaughter 
o Limited tribal harvest 

• Bison/elk hunt end date (Feb. 1st)  
o WGFD, brucelosis safety 

• Carcass disposal (Feb. 15th) 
o WGFD, brucellosis safety 

• Forest Service winter closure  
(Dec. 1st – April 30th) 

• Easement limitation (NER boundary) 
Winter Feeding 
• Only during non-hunting periods 
Harvest 
• State regulations 
Vegetation Restoration/Protection 
• Bison/elk distribution 
• Exotic plant species management 
Private Lands  
• Owner agreements 
Social 
• Hunter density (safety; hunt quality) 
• Elk/bison winter mortality levels 
• Public safety (ungulate/vehicle collisions) 
• Disease  
• Land-use conflicts (agricultural and  

residential) 
Biological 
• Disease (bison/elk/cattle commingling) 
• Sage grouse habitat conflicts 
• Fencing/wildlife conflicts 
• Elk herd distribution 

o summer segment distribution goals 
Funding 
• Easement purchase 
• Plan implementation 
1Endangered Species Act 
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in the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously and 
systematically. The strategies discussed below 
have been developed in this context, with 
appropriate feedback mechanisms through 
rigorous monitoring and frequent evaluation.  
Inability to meet this objective under the 
strategies presented here would trigger a 
thorough evaluation and development of more 
aggressive strategies. 
 
Winter Feeding 
Winter feeding parameters that could be 
modified include starting date, ending date, and 
daily ration.  To modify elk and bison behavior in 
the long run, delaying initiation of feeding is likely 
to have the greatest impact by gradually 
conditioning them to expect feed later on 
average, with the desired outcome of building a 
cohort of animals that rely primarily on native 
winter range and are not food conditioned. To 
reduce supplemental feeding overall, ending 
feeding early would also help decrease the 
amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   

 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 4, Fig. 9).   Time of season could 
influence this interval, most likely shortening it as 
the feeding initiation date gets later.  During the 

last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from ? [date] to ? [date].  Delaying feeding by two 
weeks in January, for example, is likely to be 
more successful than doing so in February, when 
food stress and tendency for animals to move to 
private lands is greater.  Forage availability could 
also have an influence, particularly if a freeze 
thaw event resulted in an acute and large 
reduction in available forage.  Both time of 
season and forage availability considerations 
would be affected by the numbers of elk and 
bison on the NER.  And finally, the distribution of 
animals, particularly on private, livestock 
producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer because of being displaced by 
more dominant animals.  Monitoring programs 
will include measures of calf mortality and it will 
be an influencing parameter in feedback 
mechanisms.  The BEMP anticipated that elk 
mortality could increase from 1-2% overall to 1-
5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or ??% based on an average 
feeding season length of ?? weeks from 1996-
2015. 
 
The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites and on-going measurements at those sites 
throughout the winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
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Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 
hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 4).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 
Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNP summer segment (since most 
park bulls migrate to the NER) would help inform 
levels of take proposed.  Bow hunting in areas 
currently closed to firearms will likely increase 
harvest by eliminating “no-hunt” areas which can 
become sanctuaries for large numbers of elk. 
Shifting the hunt one week later is consistent 
with later migrations and will improve harvest 
effectiveness. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has lead to significant increases of winter 
elk concentrations on the NER.    
 
[Insert long-term elk arrival graph – Eric] 
 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
 

Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 4).  Consideration would be given to later 
hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, State 
quotas will likely be reduced and management 
flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Serious consideration should be given to reducing 
the bison herd population objective in the future.  
This would lower winter forage consumption on 
the NER and help reduce elk and bison winter 
concentrations.    
 
The current bison herd objective is “. . . maintain 
and ensure a genetically viable population of 
approximately 500 animals (five-year average), 
with as close to an even sex ratio as possible to 
maximize maintenance of genetic variation over 
time. . .” (BEMP p. 136).    
 
The Jackson bison herd is not considered part of 
the U.S. Fish and Wildlife Service’s meta-
population approach to bison conservation 
because of its high prevalence of brucellosis.  This 
disease prevents the export of Jackson bison to 
other DOI conservation herds. 
 
The 500 bison population objective was set 
primarily to preserve existing genetic diversity 
assuming extremely limited natural genetic 
transfer with the Yellowstone or other DOI bison 
conservation herds.  Genetic diversity can be 
maintained for a Jackson bison herd less than 500 
if bison with desirable genetic diversity are 
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periodically imported from other DOI bison 
conservation herds.  
    
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 
spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Figs. 9 and 10). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   
 
Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 
Several strategies would be employed to mitigate 
potential problems (Table 4), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 
purchase private lands easements to prevent co-
mingling. A vital component in implementing 

these mitigation measures is to establish three 
seasonal Wildlife Conflict Technician positions 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the AMP 
(see Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMP mitigation efforts.  
 
Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    
 
Vegetation Restoration/Protection 
 
[NER and GTNP staff to draft material] 
 
Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
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types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 

 
A private lands Hunting Coordinator Position 
would be established and supervised by the 
WGFD to promote and coordinate hunting 
activity focused on Southern Herd Segment 
harvest in and around private lands in the Spring 
Gulch Area north to Moose, WY (Hunt Area 78).    
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Table 4 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold  <= 10%  
  Elk/bison distribution - visual    
  Elk/bison distribution –  
  collars 

   

  Winter mortality    
  Elk summer range 
  proportions 

   

    
Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 
   Structure  - 1 week initial drawing 

- 1 week left over 1st 
served 
- partial week alternate 

- 1 week initial drawing 
- 1 week left over 1st 
served 
- partial week alternate 
- daily 1st served 
alternates 

 

1Number elk and bison on feed per day, totaled by feeding season. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   Landscape damage    
   Easement acquisition    
    
Vegetation Restoration/ 
Protection: Elk Refuge 

   

    
Vegetation Restoration/ 
Protection: Grand Teton 
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Figure 9.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure  10. [example] Framework for harvest strategy and adaptive management. 
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Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMP (Table 5).  Since they were not part of the 
ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management plan, and thus they are 
not being considered at this time.   

 

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation of winter feeding).  
 
[Paragraph on sources of error if needed? Should 
include process error in calf survival model.] 
 
Elk winter distribution model 
 
The proportion of the JEH that winter on the NER 
will be linked to factors hypothesized to influence 

elk winter distribution (Fig. 2) using a generalized 
linear mixed effects model (GLMM). A GLMM can 
account for a proportional response variable (i.e., 
constrained to the interval 0–1) using a log link 
and binomially-distributed errors. A GLMM also 
includes fixed and random effects, with the latter 
capturing residual model variance otherwise not 
explained by fixed effects. Year will be including 
as a random effect, providing several benefits. 
First, we don’t assume years are independent and 
comprise all of the factor levels of interest. 
Instead, the effect of year is treated as a random 
variable, with individual year effects realizations 
of that distribution. This allows inference to non-
sampled factor levels, i.e. years, by estimating a 

Table 5.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due 

to major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest 
herd segment in Hunt Area 78 on private lands, where 
federal agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for 
AMP because current hunting programs appear effective 
at slowly moving the herd toward the 500 animal herd 
objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands 
because current hunting programs that utilize sport 
hunters are effective at meeting herd objectives. 

Altering rations of supplemental 
feed? 

Perhaps refer to appendix or side bar/box 

  
  
1    
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latent population-level proportion of elk 
expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect 
can be considered a latent variable describing elk 
behavior manifested as observed winter 
distribution. Second, because year effects are not 
treated as independent, estimated effects of year 
on the proportion of JEH elk wintering on the NER 
are dependent on all factor levels, leading to 
greater precision when estimating individual year 
effects (Kéry 2010).  
 
The full GLMM incorporating fixed effects for 
each factor identified as influencing elk winter 
distribution (Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 + 
𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝑆𝑆𝑡𝑡 + 𝜀𝜀𝑡𝑡 

 
where the random intercept and residual model 
variance are 
 
𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0

2 ), and 
 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
 
Fixed effects include 1) per capita available 
forage at initiation of winter feeding (AFI) , 2) 
proportion of the JEH that are short-distance 
migrants (SDM), 3) number of wolf packs present 
on JEH native winter range (WP), 4) growing 
season (May–August) precipitation for the 
Wyoming Snake Drainage climate division (GSP; a 
proxy for available forage on native winter 
range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early 
winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. 
(2003) has as an output weekly available forage 
biomass for the NER (sum of predictions for 30 × 
30 m cells). These predictions account for snow 
conditions using a proxy of SWE and decrement 
total available biomass by 35% to account for 
unpalatable plants within the total estimate.  

 
While calf survival is a function of multiple factors 
(Fig. 3), the primary management action 
influencing calf survival is supplemental winter 
feeding. Current winter feeding initiation criteria 
lead to calf survival generally higher than in unfed 
populations. Proposed feeding initiation criteria 
will result in later initiation of supplemental feed, 
which will be most influential to calf survival. 
There is currently little understanding regarding 
the relationship between initiation of winter 
feeding and calf survival, except that current 
feeding initiation criteria result in high calf 
survival. We believe a threshold level of available 
forage at initiation of winter feeding exists such 
that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized 
to decline quickly with reductions in available 
forage at winter feeding initiation. Available 
forage at the initiation of winter feeding will be 
related to on elk calf winter survival using a 
saturating function (i.e., Holling type-II functional 
response; Fig. 6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf 
survival is related to available forage. Maximum 
calf survival is a, and b represents the value of 
available forage to an individual when survival is 
50% of a (Hilborn and Mangel 1997).  
 
 
Although this approach doesn’t capture forage 
deficits per se, it does provide a potentially 
sensitive proxy for this concept. It is assumed 
that a forage deficit for calves would occur at a 
point on the curve of the relationship between 
calf survival and available forage at initiation of 
supplemental feeding. Modeling the response of 
winter calf elk survival to changes in feeding 
initiation criteria facilitates our ability to 
maximize the influence of feeding initiation 
criteria on winter distribution while minimizing 
the likelihood of a large mortality event.   

Commented [WJ12]: I’m not comfortable with this 
interpretation yet and need to think about it some more.  

Commented [WJ13]: This doesn’t currently have a term for 
hunting, although our conceptual model above does. Need to 
decide if we want to include or exclude here. 

Commented [WJ14]: Will need a more formal explanation of 
these variables and how they will be collected. May fit best in the 
monitoring section. 

Commented [WJ15]: If we use Hobbs’ model for predicting 
available forage these may be redundant. 

Commented [WJ16]: Put in winter feeding initiation paragraph 
above? Then note where more samples are necessary to improve 
the precision of the estimates. Need to run this model from 2007 
forward to see where, on average, feeding was initiated so we can 
make treatment adjustments as necessary. This would also allow us 
to look at the relationship between key index sites estimates and 
Hobbs’ predictions. Need to consider validating Hobbs’ model with 
field sampling Eric is currently designing to see if we can use the 
Hobbs model moving forward. This would take some time with 
stripping the Hobbs model down to our needs, identifying data 
sources, and developing a workflow process so weekly estimates of 
available forage can be calculated. Would only be able to use snow 
data from SNOTEL sites that have data available online, which 
shouldn’t be too much of a problem.  

Commented [KD17]: Need a citation here. 

Commented [KD18]: OK, what are the differences in survival 
between fed and unfed calves;, i.e, give the reader an idea of what 
values of survival might actually be expected?  Also, on what period 
of time is the calculation of survival made?  12 months, or just over 
the period the calves are fed. 

Commented [UFS19]: Here it is again.  What is this and what is 
its significance in management? 
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MONITORING  
 
Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers; and 3) extending the monitoring 
period later in the winter to assess the 
relationship between available forage and elk and 
bison distribution. 

 
To better represent the total amount of forage 
available on the southern half of NER, a 
subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional random sample sites 
stratified by elk habitat preference will be added.   
Historic elk distribution mapping and elk GPS 
collar data (NER unpublished data) suggest that 
the areas most preferred by elk on southern NER 
are associated with moderate to high forage 
production and green vegetation.  Because the 
distribution of forage production and greenness 
characteristics vary annually based on irrigation 
and precipitation patterns, we will annually map 
areas preferred and not preferred by elk and 
sample sites will be randomly selected within 
each of these mapped categories.   At least 3 

 

Figure11. Hypothesized relationship between winter survival of elk calves and per capita available forage at 
initiation of winter feeding on the National Elk Refuge.  
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historic key index sites, 3 random sites in areas 
preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 
 
Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average 
forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the 
monitoring period will be extended to include the 
intervening 2 weeks.   
 
Proportion of Elk Wintering on NER 
 
A principal AMP goal is to reduce the number of 
elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 

each year, we will calculate the proportion of 
total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 
running average post AMP implementation to the 
pre-implementation baseline.  The pretreatment 
baseline will be comprised of data from 2008-
2015(16?), a time period that represents BEMP 
implementation prior to AMP actions (Figure 12).   
 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMP implicitly assume that the 
transmission rate and prevalence of elk and bison 
diseases are density dependent and positively 
correlated with the number of elk and bison 
utilizing feedgrounds and the number of days 
they are fed.  We further assume the variables 
elk-fed-eays (EFD) and bison-fed-days (BFD) are a 
proxy for these conditions. EFD and BFD will be 
calculated annually for each species based on the 
following formulas:  
 
EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 

 

Figure12. Proportion of the Jackson Elk Herd that was 
classified on NER feedgrounds in the period following 
implementation of the Bison and Elk Management Plan 
and prior to the implementation of the Adaptive 
Management Plan (2008-2015).  These values 
represent the pretreatment baseline which will be 
compared to the 3 year running average post AMP 
implementation. 
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BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 
comparing the 3-year running average post AMP 
implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account forwide annual variation in EFD and BFD 
associated with winter severity (Fig. 13) 
 
Elk Winter Mortality Monitoring 
 

NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMP implementation, 
which will allow trend comparisons to the pre 
AMP baseline (Figure 14).  Under the AMP 
framework, we believe the 3 year running 
averages for total and calf winter elk mortality 
will be within the range of variation exhibited by 
the pre AMP baseline.  Historic monitoring 
suggests that calf and total mortality are sensitive 
to winter severity and disease outbreaks, and 
that winter mortality occasionally exceeds >3% 
total mortality and >10% calf mortality.  Post 
AMP mortality in excess of these levels may 
warrant shortening the 2-week feeding initiation 
delay in subsequent years. 
 
Elk Collaring 

 

Figure14. Total and calf elk winter mortality (%) on NER 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the pretreatment 
baseline which will be compared to the 3 year running 
average post AMP implementation. 
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Figure13. Elk Fed Days (EFD) and Bison Fed Days 
(BFD) in the period following implementation of the 
Bison and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 
3 year running average EFD and BFD post AMP 
implementation. 
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One of the AMP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas.  To quantify this effect and provide real 
time information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 
sample of 50 GPS collars on elk that winter on 
NER throughout the AMP implementation period.  
Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This 
sample size will not be sufficient to detect all elk 
movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk 
movements from NER to surrounding private 
lands will increase during the AMP 
implementation period compared to the pre-
treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 
is the season when changes to the NER feeding 
program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 
Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 

need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis  
process includes brucellosis seroprevalence,  
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 
Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post AMP 
implementation.  There are no recent brucellosis 
seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk 
collaring operations in winter 2016, and each elk 
will be tested for Brucellosis exposure.  The 2016 
Brucellosis seroprevalence rate will be the pre-
treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 
introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 
management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 
CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 
technicians working from September-December 
are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 



 

 29  
 

 
 
EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 
strategies outlined in this plan will be in place for 
a minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 

an annual adaptive management update/report, 
completed by NER staff by the end of March for 
the previous year.  
 
Investigating the potential effects of climate 
change on elk and bison management will be 
important in the long-term.  During 
implementation of this plan, we will collect a 
variety of data that can be drawn upon for this 
purpose.  

 

PUBLIC OUTREACH AND EDUCATION  
The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMP 
implementation.  The practice of feeding elk 

evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMP in order to gain general 
consent to modify longstanding elk/bison herd 
management methods.   
 
A detail communication plan to guide outreach 
and education efforts can be found in Appendix 3. 
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SCHEDULE 

 

 

Table 7.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 

 

 

Table 6.  Adaptive Management Plan proposed schedule. 
Action Date 

GPS Collar 30-40 elk prior to strategy implementation (Iridium platform) February 2016 

Public outreach and education March 2016 

Initiate private lands conflicts mitigation contacts/actions March 1, 2016 

Implement enhanced forage monitoring  March 1, 2016 

Initiate changes in supplemental feeding protocol January 2017 

Monitoring/Evaluation/Annual Report June 2017 
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BUDGET 

Table 8. [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Seasonal Biological Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 
     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment distribution1      
     Expanded standing forage estimates1      
     Chronic Wasting Disease, 2 seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 
     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; Iridium Platform $115,000 $25,000 $25,000 $25,000 $25,000 
Bison barrier at NER south entrance $80,000 $1,000 $1,000 $1,000 $1,000 
Adaptive Management Plan annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 
Private lands:      
     Easements / Acquisition      
     Damage reimbursements (Wyoming)      
     Conflict mitigation coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 
Vegetation restoration/protection1      
Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 

Subtotal      
Grand Teton National Park:      
Monitoring:      
     Summer elk classification/distribution      
     Hunter harvest      
     Harvest age distribution      
     Transition range forage production/utilization      
Vegetation Restoration/Protection      
     Temporary bison fencing      
     Hayfields restoration      
     Exotic plant mitigation      
     monitoring      
Elk Reduction Program      

Subtotal      
Wyoming Game and Fish Department:2      
Private lands:       
     elk harvest coordination      
     Easements / Acquisition      
     Damage reimbursements      
     Conflict mitigation coordination      

Add additional lines and categories as needed 
Subtotal      

Grand Total      
1 See detail in Appendix      
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APPENDIX 1.  Summary of primary potential impacts associated with reduced supplemental feeding, as identified in alternative 4 
environmental consequences section of the Final Bison and Elk Management Plan/Environmental Impact Statement (USFWS and USNPS 
2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter forage production, assessments of forage 

utilization (done jointly by WGFD and NER personnel), elk condition and movements, and potentially on the January 1 index of winter 
severity calculations for elk (Farnes, Heydon, and Hansen 1999). 

• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition (negligible adverse effect on NER elk from lower 

nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider distribution. 
• Elk use of lands surrounding the NER would increase, including: 

o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNP 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and Gros Ventre segments. 
• As ungulate numbers decreased and supplemental feeding was reduced, competition and aggressive social interactions on the refuge 

would also be reduced. 
• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability would have a greater influence on 
numbers, movements, distribution, and mortality. 

• More elk would be subject to natural factors affecting mortality, including loss of body condition, predation, and starvation. 
• Increased mortality on and off the refuge would mainly affect older elk and calves, and some prime bulls entering the winter 

energetically stressed due to rut activities. 
• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due to tuberculosis, septicemic pasturelosis, 
and CWD. 

• The health and sustainability of the Jackson elk herd would be increased gradually as supplemental feeding was reduced and there was 
greater reliance on standing forage and wider ungulate distribution. 

• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and potential transmission of brucellosis, as well as 

potential for spread of diseases not yet in the population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, to coordinate actions that would 
prevent conflicts due to elk dispersal and to defray costs of managing potential conflicts. Preventing access to food/hay rewards on 
private lands would be vital for effective management. 

• Private land conservation easements within NER boundaries would promote wider distribution.  
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APPENDIX 2.  Monitoring Supplemental Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured at every 5 steps along the random bearing determined for each site.  At each subplot a 13.27” 
diameter metal sampling ring will be placed on the ground. The amount of forage available to elk within the sampling ring (dry weight in grams) 
will be visually estimated.  The 13.27” diameter subplot allows easy conversion from grams to lbs. per acre (each gram is equivalent to 100 lbs. 
per acre). During annual forage production sampling, refuge biologist Eric Cole has made approximately 1,000 of these visual estimates per year 
for 17 years, and 33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will be the principal estimator, but 
additional personnel will be trained in these techniques to provide redundancy in the event of personnel changes, and to increase the number of 
observers to facilitate estimation of error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward when snow cover is limited, but estimating how 
much of the forage is accessible to elk when snow is dense, deep and crusted can be subjective.  To decrease the subjectivity of the estimation 
process, if the area under the sample ring is covered with snow, only forage that can be exposed with a gloved hand will be included in the 
estimate of available forage.  Forage that is fouled with manure and/or flush with the ground due to trampling and/or encrusted in ice will not 
be included in the estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an equivalent lbs./acre value (1 gram=100 lbs./acre).   The 
arithmetic mean of available forage (lbs./acre) for the 10 subplots provides an estimate of available forage for each index site.  There are 3 
sample site categories: 1) Historic  Key Index Sites that have been used since 2007, 2) New randomly selected sites within areas preferred by elk, 
and 3) New randomly selected sites in areas not preferred by elk.  Historic key index sites were not randomly selected, but were instead selected 
to represent areas most preferred by elk on the south end of NER.  These were the sites used to determine when supplemental feeding would 
be initiated from 2007 until the implementation of the AMP.  To facilitate comparison with pre-AMP data, we will continue to use mean lbs. per 
acre across historic key index sites to determine the 300 lbs. per acre threshold.  However, post AMP implementation we will delay feeding 
initiation by 2 weeks once the 300 lbs./acre level has been reached.  We will concurrently sample at randomly selected sites stratified on an 
annual basis between areas highly preferred and not highly preferred by elk.  This will enable us to quantify the relationship between mean 
forage availability at historic key index sites and random sites over time. 
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APPENDIX 3.  Communication Plan 
 
Communication Goals 
 
Prior to the Adaptive Management Plan’s Implementation 
 
• Utilize a variety of outreach methods to inform the public on the goals and timing of the Adaptive Management Plan’s implementation and 

possible effects on wintering herds. 
• Utilize a variety of outreach methods to inform the public on public comment opportunities. 
• Identify and coordinate key messages and outreach with USFWS regional and national offices, State and federal agency partners, non-profits, 

elected officials, and other identified audiences. 
 
During the Adaptive Management Plan’s Implementation 
 
• Continue to utilize a variety of outreach methods to describe current management actions as well as measurable and noticeable changes on the 

landscape, in animal behavior, or in animal health. 
• Provide a comprehensive overview of the Adaptive Management Plan by providing links and references to previous outreach and background 

information. 
 
Communication Objectives 
 
• Work with current media contacts to promote news of the Adaptive Management Plan via print, radio, Web, and social media platforms. 
• Utilize new media and social media tools to provide information on why the Adaptive Management Plan was developed, what public comment 

opportunities exist, and how the plan is being implemented. 
• Plan, coordinate, and execute public meetings to allow for public comment and questions on the plan. 
• Develop and provide methods for the public to submit written comments on the Adaptive Management Plan. 
• Monitor print media on Refuge elk and bison management to see how Adaptive Management Plan objectives and reactions are being 

portrayed to the public. 
 
Current Outreach Resources 
 
• National Elk Refuge web site 
• National Elk Refuge news release list 
• (approximately  300 contacts) 
• National Elk Refuge Twitter site (1,039 followers) 
• Bison and Elk Management Plan web site (http://www.fws.gov/bisonandelkplan/) 
• Space for an 11” x 17” poster in the Visitor Center on Refuge management topics 
• Display panels in the Visitor Center theater for temporary displays 
 
Available Supporting Outreach Resources 
 
• USFWS Mountain–Prairie External Affairs staff 
• USFWS Mountain–Prairie web site, including the 
• “Top Stories” feature 
• USFWS Mountain–Prairie Twitter site USFWS Mountain-Prairie Region Facebook page 
• USFWS National Wildlife Refuge System 
• Facebook page 
• USFWS Facebook page 
 
Previous Outreach Efforts 
 
• NER routinely writes and disseminates news releases on Refuge management activities, including the Comprehensive Conservation Plan, 

supplemental feeding, herd health monitoring, and forage production.  
• Post the above news stories as Content. 
• Management System (CMS) articles. 
• Post CMS news story promos so they prominently appear on the home page, linking readers to the articles. 
• Send out Twitter messages linking viewers back to the news stories. 
• Prepare, upload and provide links to Adobe PDF versions of news stories with addtional photos where additonal images are available and/or help 

understand or visualize the content. 
• Utilized the Conservation link on the web Content 
• Management System to post information about 

the Bison and Elk Management Plan and the draft Comprehensive Conservation Plan. 
• Retained and provided a link to the original Bison and Elk Management web page (http://www.fws. gov/bisonandelkplan/) that was developed 

during the planning process. The web site includes links to the Final Plan/EIS, Record of Decision, Federal Register Notice of Availability for both 
the Record of Decision and Final Plan/EIS, associated news releases, public meeting highlights, and other related documents. Note: the National Elk 
Refuge does not manage the site. 

 
Additional Outreach Opportunities 

 
• Public meetings in Jackson and other identified locations. 
• Service produced video; video could be posted to the National Elk Refuge’s multimedia web page, or USFWS Mountain–Prairie home page “Top 

Video” feature. 
• Live radio interview on KHOL (Jackson, WY radio) 
• Wyoming Public Radio interview with Refuge management staff 
• Interviews with local print media sources 
• Updates at community leader meetings such as Rotary Club, Jackson Hole Chamber of Commerce board meetings, and interagency breakfast 

meetings (with Federal agencies and local elected officials). 
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Target Audiences 
 
Internal 
• Regional and National USFWS Leadership 
• Refuge permanent staff 
• Refuge seasonal staff 
• Refuge volunteers 
 
External 
• Congressional representatives 
• State of Wyoming leadership 
• Federal agency partners, particulary Grand Teton National Park and the Bridger–Teton National Forest 
• Wyoming Game & Fish Department 
• Other NER partners, including county and town agencies and local nonprofit organizations 
• Local elected officials 
• Private landowners in proximity to the National 
• Elk Refuge or neighboring Federal lands 
• Tribes 
• Local and state media 
• Local public 
 
Key Outreach Topics 
 
• Overview of BEMP objectives 
• Strategy to change elk/bison behavior 
• Threat of disease 
• Natural mortality rates 
• Anticipated winter distribution changes for bison/elk 
• Mitigate negative effects on private lands 
• Change elk behavior and distribution while avoiding increased mortality. 
• Explain the historic reasons a supplemental feeding program began and why it was continued.   
• Explain the NER’s limited large ungulate carrying capacity and the disproportionate impact of bison on available forage; 3 elk = 1 bison. 
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surveillance is warranted.   
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies a approximately 
8,000 kmlarge area in the upper Snake River 
watershed north of the town of Jackson (Fig. 1).  
Much of the herd is migratory, moving between 
distinct wintering and summer ranges.  Primary 
wintering areas include the Buffalo Valley, lower 
elevations of the Gros Ventre River drainage, the 
National Elk Refuge (NER), and areas adjacent to 
the NER on Bridger-Teton National Forest (BTNF) 
lands.  Summering areas occur throughout the 
herd’s range and for convenience are divided into 
four geographic regions that include Grand Teton 
National Park (GTNP), Yellowstone National Park 
(YNP), the Gros Ventre drainage, and Teton 
Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 

“tusk hunters” and large-scale commercial 
hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
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and federal officials in Jackson Hole, to begin 
feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 
reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 

Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
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An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 

Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 
Preserve, Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 

to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and the bison are now fed 
more than a maintenance ration to reduce 
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 
 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
_).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt administered by WGFD.  This plan was 

halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig _).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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bison and elk management focused on four broad 
goals: 1) sustaining native habitatHabitat 
Conservation; 2) promoting sustainable 
populationsSustainable Populations; 3) 
maintaining population sizesNumbers of Elk and 
Bison; and 4) preventing spread of 
diseaseDisease Management.  The primary 
management scenarios presented in the 
alternatives included the status quo, terminating 
elk and bison hunting on the NER and elk hunting 
in GTNP, brucellosis vaccination options, 
restoring habitat, improving forage, and 
decreasing or phasing out supplemental winter 
feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk Adaptive 
Management Plan was developed to address the 
latter need specificallyand specifically addresses 
the criteria for a structured framework listed on 
page 5 of the Record of Decision (Fig. 4).  It does 
not address other on-going bison and elk 
management actions already prescribed by the 
BEMP. 
 
The BEMP scheduled the completion of an 
Adaptive Management Plan for 2008.  However, 
litigation challenging the BEMP in 2008 lead to 
the decision to postpone its development until 
litigation was resolved.  As of March 2015, two 
court rulings have upheld the 2007 BEMP and 
ROD. In a lawsuit against the  BEMP and its 
author agencies (Defenders of Wildlife et al. v. 
the U.S. Department of Interior and State of 
Wyoming 2010), plaintiffs argued that the BEMP 

violated the National Wildlife Refuge System 
Improvement Act (National Wildlife Refuge 
System Improvement Act 1997) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 
agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling 
(Defenders of Wildlife et al. v. the U.S. 
Department of Interior and State of Wyoming 
2011).   
 
 [any additional BEMP background needed in 
Intro?] 
 
National Environmental Protection Act 
Compliance 
 

The 1970 National Environmental Protection Act 
(NEPA; 42 U.S.C. 4321 et seq.) established 
national environmental policy and goals for the 
protection, maintenance, and enhancement of 
the environment on and provides a process for 
implementing these goals within the federal 
agencies.   Section 102 requires federal agencies 
to incorporate environmental considerations in 
their planning and decision-making through a 
systematic interdisciplinary approach. 
Specifically, all federal agencies are to prepare 
statements assessing the environmental impact 
of and alternatives to federal actions affecting 
the environment. Statements typically occur at 
three levels of analysis: categorical exclusion 
determination; preparation of an environmental 
assessment/finding of no significant impact 
(EA/FONSI); and, for major federal actions, 
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preparation of an environmental impact 
statement (EIS).  

 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 

will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   

 
Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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objectives, 2) knowledge models describingof the 
dynamics of the system being managed, 3) clearly 
articulated management actions and strategies, 
and 4) a monitoring program to evaluate 
responses of the system to management actions 
(Walters 1986).   
 

 
OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 

goals, 20 associated objectives were addressed 
(Table 1).  This adaptive management plan 
addresses four objectives under the goal of 
sustainable populations (Fig. 6). 
 
In Phase 1 of the second objective, the aim is to 
reduce the average number of elk on feed to 
5,000 (while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP-adopted objective of 500. In 
Phase 2, the overall objective is to reduce the 
reliance of bison and elk on supplemental feed 

Table 1.  2007 Bison/Elk Management Plan Goals 
and Objectives (Adaptive Management Plan 
objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives: 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 

• Phase reduction of animals on feed: 1) to 
5,000 elk and 500 bison, and 2) elk and 
bison rely predominantly on native habitat. 

• Maintain natural bull-to-cow ratios in park 
summer herd. 

• Ensure a genetically viable bison herd with 
close to an even sex ratio. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 11,000. 
• Maintain a genetically viable bison 

population of about 500 animals. 
Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk from 
elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

 d  h  b  ldl f  d  
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(USFWS and USNPS 2007a).  Desired conditions 
include animals relying predominantly on native 
habitat and cultivated forage. Important 
consideration criteria for implementing Phase 2 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
private lands during high risk disease 

transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 

 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background  
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Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The adaptive 

management approach will necessarily be one of 
trial and error, constant evaluation, modifications 
to approach when indicated, and repeated trials 
(Fig 4).  As such the approach will also be 
experimental, but it will be guided by rigorous 
analysis and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 

Commented [WJ11]: Adaptive management is decidedly not 
trial and error. Trial and error is the agency modus operandi that 
adaptive management has been (perhaps falsely) claimed a cure 
for.  



 

 9  
 

intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,0001,200 animals 
in 2007 to about 700 during winter 2014-2015 
(Fig. 3) through hunting programs administered 
by WGFD.  Licensing changes were enacted in 
2014 to help increase harvest of female bison. 
These included a reduction in the bison cow/calf 
license fee (from $416 to $263 for residents and 
$2522 to $1022 for non-residents) and 
eliminating the once-in-a-lifetime restriction on a 
successful bison hunter to only those that 
successfully harvested a bull. Continued progress 
toward the 500 animal herd objective will require 
sustained harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000, but because the proportion of the 
Jackson Elk Herd that winters on NER has 
increased dramatically (Fig. 6), this will make 
achieving the Phase I objective of 5,000 elk on 
feed and any future elk population reductions 
more difficult.  Unfortunately, however, its winter 
distribution has changed fundamentally, favoring 
an increasing trend of even higher proportions of 
the herd on NER feed during winter (Fig. 6). [add 
additional information Doug B. presented at one 
of our meetings] Preliminary modeling suggests 
that the increasing proportion of the Jackson Elk 
Herd wintering on NER has been associated with 
1)changes in elk winter distribution associated 
with wolves and 2)high numbers of elk that 
summer immediately adjacent to NER (Cole and 
Foley et al. 2015).   
 

 
The factors responsible for this change are 
unknown but are likely a combination of weather 
conditions, elk behavior and shifts in elk 
distribution, possibly influenced by the presence 
of wolves in some historic native winter ranges.  
Regardless of the reason, this trend is the reverse 
of what is desired and will make achieving the 
Phase I objective of 5,000 elk on feed, and future 
reductions, more difficult.  
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013., and iIn recent years irrigation of 
approximately 3,600 acres has increased refuge-
wide forage production by approximately 10% 
compared to what would have been produced 
with precipitation alone, and by 15% in the 
southern portion of NER which receives the 
greatest use by elk and bison.. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes will have implications for elk 
and bison management. 
 
[any other changes to include here?] 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.   
 
Winter Feeding 
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Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs/ac. Historic radio 
telemetry data and observations of elk 
movements indicate that when available forage 
delclines below 300 lbs/ac., some elk leave NER 
for surrounding private lands.   Thereforem tThe 
purpose of this feeding trigger is to keep elk on 
the NER and prevent them from searching off-
refuge for forage which increases the potential of 
comingling.  This trigger is not a warning that a 
significant nutritional deficit threshold has been 
reached.  per acre at key index sites and is 
considered conservative in terms of elk 
nutritional needs. Available winter forage for elk 

and bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  

 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 
lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February classification counts, 
2011–20153, relative to the current objective. [update through 2015] 
  OBJECTIVE 2011 2012 2013 2014 2015 mean 

NER 5,000 7,746 7,360 6,285 8,296 8,390 7,615 
Gros Ventre 3,500 2,775 3,265 2,982 2,326 1,162 2,502 
Native Range1 2,500 982 894 1,784 801 913 1,075 

Total 11,000 11,503 11,519 11,051 11,423 10,465 11,192 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 

  

 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56, range 329-457) hunters harvested 161 
(SD = 38, range 126-225) elk per year during the 
NER hunt. 

  
The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 7).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5, 
range 139-301) bison per year.  This level of 

harvest has been sufficient to arrest the 
exponential growth of the population, reducing 
bison numbers from the peak in 2007 to about 
700 animals in winter 2015 (Fig 3). Tribal bison 
harvest of up to 5 animals for ceremonial 
purposes was authorized in the BEMP.  
Translocation of wild bison to lands outside of 
Teton County is not currently permitted due to 
brucellosis concerns.  

Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions. For example, an emergency extension 
of the season (up to 31 January) could occur if 
mild winter conditions precluded desired harvest 
earlier in the season, while an emergency closure 
may be necessary if winter conditions required 
feeding to commence before the predetermined 
season end date.  
 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER rear year around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 
and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 

 
  Figure 7.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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GTNP to protect winter forage. Hazing efforts in 
August cease within several days to weeks of 
before the bison season in an effort to increase 
hunter harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 
implementation, followed by what remains to be 
accomplished] 
 
[Eric, anything you want to include in this section 
for NER?  Think in terms of providing background 
(current management) for anything you want to 
include in the budget for future actions 
(management strategies), so when it comes time 
to ask our agencies for funds it will be covered] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 

fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 
 
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
occurs one day in early February and  includes 
ground counts of animals on feed at the NER and 
aerial counts of outlying bison across their winter 
ranges on the refuge, park, and Bridger-Teton 
National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 
that winter would equal 5,000 elk X 100 days = 
50,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 25,000. 
 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 

bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Implementation of the AMP will have successfully 
attained the objective of “transitioning from 
intensive supplemental winter feeding to greater 
reliance on free-standing forage” when 
supplemental feeding was not used for more 
than 50% of the years in a 5 year period.    
 
Several management constraints are common to 
the strategies discussed below (Table 4).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements 
in GTNP and BTNF.  Similarly, compliance with the 
Wyoming greater sage-grouse core area 
protection executive order (2011-5) could restrict 
habitat manipulations.  NEPA compliance 
conducted as part of the BEMP/EIS constrains 
what federal actions can be taken as a part of this 
plan.  State regulations constrain late (winter) 
hunt and carcass disposal timing to protect 
against brucellosis contamination, since 
February-April represent the period bison and elk 
are most likely to transmit the disease.  
Restrictions on hunting timing also result from 
BTNF winter range closures, immediately east of 
the NER and elsewhere, December 1 to April 30.  
Additional details about these and other 
constraints will be included in discussions about 
specific strategies that follow. 
 
Strategies 
Fundementally the strategies discussed in this 
plan are an experiment designed to achieve 
Phase I objectives of 5,000 elk and 500 bison on 
NER and are a first step towards reducing reliance 
on supplemental feeding while meeting the 
sustainable population goals identified in the 
AMP. 

Table 4. Summary of Adaptive Management 
Plan constraints.  
Policy 
-ESA1 Lynx – limits on habitat impacts 
-Greater Sage Grouse – core area protection 
-2007 BEMP/EIS (federal actions/lands) 

• No fertility control 
• No test and slaughter 
• Limited tribal harvest 

-Bison/elk hunt end date (Feb. 1st)  
• WGFD, brucellosis safety 

Carcass disposal (Feb. 15th) 
• WGFD, brucellosis safety 

Forest Service winter closure (Dec. 1st – April 30th) 

Easement limitation (NER boundary) 
Winter Feeding 
Only during non-hunting periods 
Harvest 
State regulations 
Vegetation Restoration/Protection 
?Bison/elk distribution 
?Exotic plant species management 
Private Lands  
Owner agreements 
Social 
Hunter density (safety; hunt quality) 

Elk/bison winter mortality levels 

Public safety (ungulate/vehicle collisions) 

Disease  

Land-use conflicts (agricultural and residential) 

Biological 

Disease (bison/elk/cattle commingling) 

Sage grouse habitat conflicts 

Fencing/wildlife conflicts 
Elk herd distribution 

• summer segment distribution goals 

Funding 
Easement purchase 
Plan implementation 
1Endangered Species Act 
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Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies to 
achieve phase I objectives are modifications to 
for initiating change involve several flexible 
parameters of winter feeding and hunting 
seasons.harvest.  To a lesser extent, vegetation 
protection and restoration can be important, 
particularly for improving long-term ecological 
balance and enhancing natural production of 
native forage.  Private lands are also an integral 
component as changes in elk and bison 
distribution occur and new challenges develop.  
The likely consequences of implementing these 
strategies were evaluated in the BEMP.  The most 
relevant of these are summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously, systematically, 
slowly. The strategies discussed below have been 
developed in this context, with appropriate 
feedback mechanisms through rigorous 
monitoring and frequent evaluation.   
 
Winter Feeding 
Winter feeding parameters actions that could be 
modified include starting date, ending date, and 
daily ration.  To modify elk and bison behavior in 
the long run, delaying initiation of feeding is likely 
to have the greatest impact by gradually 
conditioning them to expect feed later on 
average.   
 
To reduce supplemental feeding overall, ending 
feeding early would also help decrease the 
amount of feed provided per animal per year.  

Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   
 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 5, Fig. 8).   Time of season could 
influence this interval, most likely shortening it as 
the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from December 30? [date] to February 28? 
[date].  Delaying feeding by two weeks in 
January, for example, is likely to be more 
successful than doing so in February, when food 
stress and tendency for animals to move to 
private lands is greater.  Forage availability could 
also have an influence, particularly if a freeze/ 
thaw event resulted in an acute and large 
reduction in available forage.  Both time of 
season and forage availability considerations 
would be affected by the numbers of elk and 
bison on the NER.  And finally, the distribution of 
animals, particularly on private, livestock 
producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer because of being displaced by 
more dominant animals.  Monitoring programs 
will include measures of calf mortality and it will 
be an influencing parameter in feedback 
mechanisms (Fig. 8).  The BEMP anticipated that 
elk mortality could increase from 1-2% overall to 
1-5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32??% based on an 
average feeding season length of ??9.3 weeks 
from 19956-2015. 
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The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites, in a larger geographic area, and on-going 
measurements at those sites throughout the 
winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 
hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 5).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 
Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNP summer segment (since most 
park bulls migrate to the NER) would help inform 
levels of take proposed.  Bow hunting in areas 
currently closed to firearms will likely increase 
harvest by eliminating “no-hunt” areas which can 
become sanctuaries for large numbers of elk. 
Shifting the hunt one week later is consistent 
with later migrations and the availability of elk to 
harvest on the NER in recent yearswill improve 
harvest effectiveness. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 

reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has lead to significant increases of winter 
elk concentrations on the NER.    
 
[Insert long-term elk arrival graph – Eric] 

 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
 
Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 5).  Consideration would be given to later 
hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, State 
quotas will likely be reduced and management 
flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
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BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 
spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Fig. 9). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   
 
Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 
Several strategies would be employed to mitigate 
potential problems (Table 5), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 
purchase private lands easements to prevent co-
mingling. A vital component in implementing 
these mitigation measures is to establish three 
seasonal Wildlife Conflict Technicians positions 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the AMP 
(see Monitoring section below). 

 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMP mitigation efforts.  
 
Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    
 
Vegetation Restoration/Protection 
 
[NER and GTNP staff to draft material] 
 
Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
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harvested on the NER are most likely from the 
park summer herd segment. 
 
A private lands Hunting Coordinator Position 
would be established and supervised by the 
WGFD to promote and coordinate hunting 
activity focused on Southern Herd Segment 

harvest in and around private lands in the Spring 
Gulch Area north to Moose, WY (Hunt Area 78).    

Table 5 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold  <= 10%  
  Elk/bison distribution - visual    
  Elk/bison distribution –  
  collars 

   

  Winter mortality    
  Elk summer range 
  proportions 

   

    
Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 
   Structure  - 1 week initial drawing 

- 1 week left over 1st 
served 
- partial week alternate 

- 1 week initial drawing 
- 1 week left over 1st 
served 
- partial week alternate 
- daily 1st served 
alternates 

 

1Number elk and bison on feed per day, totaled by feeding season. 
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Table 5, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 
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Table 5, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   ?Landscape damage    
   Easement acquisition    
[could be further organized 
geographically or by 
ranch/property] 

   

    
?Vegetation Restoration/ 
Protection: Elk Refuge 

   

    
?Vegetation Restoration/ 
Protection: Grand Teton 
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Figure 8.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure 9. [example] Framework for harvest strategy and adaptive management. 
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Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMP (Table ??).  Since they were not part of the 
ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management plan, and thus they are 
not being considered at this time.   

 

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation and cessation of winter feeding). Figure 
# describes possible factors that affect winter elk 
distribution (the proportion of elk on NER 
feedgrounds versus native winter range). Models 
will be used to identify the relative influence of 
our principal management strategy (a reduction 
in feed season length) and other factors on 
winter elk distribution (Appendix 3).  Over time 
this will allow us to assess whether changes in elk 

distribution were the result of our management 
actions or due to factors outside of our control.  
 

 

Table ??.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due to 

major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest herd 
segment in Hunt Area 78 on private lands, where federal 
agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for AMP 
because current hunting programs appear effective at slowly 
moving the herd toward the 500 animal herd objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands because 
current hunting programs that utilize sport hunters are 
effective at meeting herd objectives. 

Altering rations of supplemental feed? Perhaps refer to appendix or side bar/boxRejected as a strategy 
because reducing daily feed ration below 8 lbs/elk would be 
enough feed to encourage elk to remain on NER but would 
result in unacceptably high elk calf mortality rates. 

Modifying herd objectives? Side bar/box discussion? 
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Figure # Influence diagram depicting factors (including 
management actions) influencing outcomes identified in the 
Bison and Elk Management Plan (BEMP; USFWS 2007a). Gray 
hexagons represent outcomes, rectangles represent 
management actions, rounded rectangles represent factors 
with numerical objectives, and ovals represent factors 
outside of management control. Bolded polygons and 
arrows represent outcomes and factors limited to the 
National Elk Refuge (NER). Available standing forage on the 
NER (dashed rectangle) is the BEMP criteria with a defined 
threshold to trigger initiation of supplemental winter 
feeding. 

 
An increase in calf elk winter mortality is a 
potential result of reduced feed season length.  
Figure # portrays factors that influence winter 
calf elk survival on NER.  
 

 
Figure #. Influence diagram depicting factors (including 
management actions) influencing bison and elk fed days on 
the National Elk Refuge (see text for description) and winter 
calf elk survival. Gray hexagons represent outcomes, 
rectangles represent management actions, rounded 
rectangles represent factors with numerical objectives, and 
ovals represent factors outside of management control. 
Bolded polygons and arrows represent outcomes and factors 
limited to the National Elk Refuge (NER). Available standing 
forage on the NER (dashed rectangle) is the BEMP criteria 
with a defined threshold to trigger initiation of supplemental 
winter feeding. 
 

Models will be used to assess the effects of 
available forage on winter calf elk survival 
(Appendix 3).  Over time this will allow us to 
assess the effects of our principal management 
strategy (reducing feed season length) relative to 
other factors on elk calf survival and potentially 
adjust our management actions based on model 
results. 
 

 
 
 
[Paragraph on sources of error if needed? Should 
include process error in calf survival model.] 
 
Elk winter distribution model 
 
The proportion of the JEH that winter on the NER 
will be linked to factors hypothesized to influence 
elk winter distribution (Fig. 2) using a generalized 
linear mixed effects model (GLMM). A GLMM can 
account for a proportional response variable (i.e., 
constrained to the interval 0–1) using a log link 
and binomially-distributed errors. A GLMM also 
includes fixed and random effects, with the latter 
capturing residual model variance otherwise not 
explained by fixed effects. Year will be including 
as a random effect, providing several benefits. 
First, we don’t assume years are independent and 
comprise all of the factor levels of interest. 
Instead, the effect of year is treated as a random 
variable, with individual year effects realizations 
of that distribution. This allows inference to non-
sampled factor levels, i.e. years, by estimating a 
latent population-level proportion of elk 
expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect 
can be considered a latent variable describing elk 
behavior manifested as observed winter 
distribution. Second, because year effects are not 
treated as independent, estimated effects of year 
on the proportion of JEH elk wintering on the NER 
are dependent on all factor levels, leading to 
greater precision when estimating individual year 
effects (Kéry 2010).  
 
The full GLMM incorporating fixed effects for 
each factor identified as influencing elk winter 
distribution (Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 + 
𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝑆𝑆𝑡𝑡 + 𝜀𝜀𝑡𝑡 

 
where the random intercept and residual model 
variance are 
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𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0
2 ), and 

 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
 
Fixed effects include 1) per capita available 
forage at initiation of winter feeding (AFI) , 2) 
proportion of the JEH that are short-distance 
migrants (SDM), 3) number of wolf packs present 
on JEH native winter range (WP), 4) growing 
season (May–August) precipitation for the 
Wyoming Snake Drainage climate division (GSP; a 
proxy for available forage on native winter 
range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early 
winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. 
(2003) has as an output weekly available forage 
biomass for the NER (sum of predictions for 30 × 
30 m cells). These predictions account for snow 
conditions using a proxy of SWE and decrement 
total available biomass by 35% to account for 
unpalatable plants within the total estimate.  
 
While calf survival is a function of multiple factors 
(Fig. 3), the primary management action 
influencing calf survival is supplemental winter 
feeding. Current winter feeding initiation criteria 
lead to calf survival generally higher than in unfed 
populations. Proposed feeding initiation criteria 
will result in later initiation of supplemental feed, 
which will be most influential to calf survival. 
There is currently little understanding regarding 
the relationship between initiation of winter 

feeding and calf survival, except that current 
feeding initiation criteria result in high calf 
survival. We believe a threshold level of available 
forage at initiation of winter feeding exists such 
that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized 
to decline quickly with reductions in available 
forage at winter feeding initiation. Available 
forage at the initiation of winter feeding will be 
related to on elk calf winter survival using a 
saturating function (i.e., Holling type-II functional 
response; Fig. 6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf 
survival is related to available forage. Maximum 
calf survival is a, and b represents the value of 
available forage to an individual when survival is 
50% of a (Hilborn and Mangel 1997).  
 
 
Although this approach doesn’t capture forage 
deficits per se, it does provide a potentially 
sensitive proxy for this concept. It is assumed 
that a forage deficit for calves would occur at a 
point on the curve of the relationship between 
calf survival and available forage at initiation of 
supplemental feeding. Modeling the response of 
winter calf elk survival to changes in feeding 
initiation criteria facilitates our ability to 
maximize the influence of feeding initiation 
criteria on winter distribution while minimizing 
the likelihood of a large mortality event.   
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MONITORING  
 
Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers; and 3) extending the monitoring 
period later in the winter to assess the 
relationship between available forage and elk and 
bison distribution. 

 
To better represent the total amount of forage 
available on the southern half of NER, a 
subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional random sample sites 
stratified by elk habitat preference will be added.   
Historic elk distribution mapping and elk GPS 
collar data (NER unpublished data) suggest that 
the areas most preferred by elk on southern NER 
are associated with moderate to high forage 
production and green vegetation.  Because the 
distribution of forage production and greenness 
characteristics vary annually based on irrigation 
and precipitation patterns, we will annually map 
areas preferred and not preferred by elk and 
sample sites will be randomly selected within 

 

Figure_. Hypothesized relationship between winter survival of elk calves and per capita available forage at 
initiation of winter feeding on the National Elk Refuge.  
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each of these mapped categories.   At least 3 
historic key index sites, 3 random sites in areas 
preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 
 
Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average 
forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the 
monitoring period will be extended to include the 
intervening 2 weeks.   
 
Proportion of Elk Wintering on NER 
 
A principal AMP goal is to reduce the number of 
elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 
each year, we will calculate the proportion of 

total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 
running average post AMP implementation to the 
pre-implementation baseline.  The pretreatment 
baseline will be comprised of data from  2008-
20165(16?), a time period that represents BEMP 
implementation prior to AMP actions (Figure #).   
 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMP implicitly assume that the 
transmission rate and prevalence of elk and bison 
diseases are density dependent and positively 
correlated with the number of elk and bison 
utilizing feedgrounds and the number of days 
they are fed.  We further assume the variables 
elk-fed-eays (EFD) and bison-fed-days (BFD) are a 
proxy for these conditions. EFD and BFD will be 
calculated annually for each species based on the 
following formulas:  
 
EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 

 

Figure_. Proportion of the Jackson Elk Herd that was 
classified on NER feedgrounds in the period following 
implementation of the Bison and Elk Management Plan 
and prior to the implementation of the Adaptive 
Management Plan (2008-2015).  These values 
represent the pretreatment baseline which will be 
compared to the 3 year running average post AMP 
implementation. 

0

20

40

60

80

100

2008 2009 2010 2011 2012 2013 2014 2015



 

 26  
 

 
BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 
comparing the 3-year running average post AMP 

implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account forwide annual variation in EFD and BFD 
associated with winter severity (Figure #) 
 
Elk Winter Mortality Monitoring 
 
NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
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Figure_. Total and calf elk winter mortality (%) on NER 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the pretreatment 
baseline which will be compared to the 3 year running 
average post AMP implementation. 
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Figure_. Elk Fed Days (EFD) and Bison Fed Days (BFD) 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 
3 year running average EFD and BFD post AMP 
implementation. 
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corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMP implementation, 
which will allow trend comparisons to the pre 
AMP baseline (Figure #).  Under the AMP 
framework, we believe the 3 year running 
averages for total and calf winter elk mortality 
will be within the range of variation exhibited by 
the pre AMP baseline.  Historic monitoring 
suggests that calf and total mortality are sensitive 
to winter severity and disease outbreaks, and 
that winter mortality occasionally exceeds >3% 
total mortality and >10% calf mortality.  Post 
AMP mortality in excess of these levels may 
warrant shortening the 2-week feeding initiation 
delay in subsequent years. 
 
Elk Collaring 
 
One of the AMP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas.  To quantify this effect and provide real 
time information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 
sample of 50 GPS collars on elk that winter on 
NER throughout the AMP implementation period.  
Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This 
sample size will not be sufficient to detect all elk 
movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk 
movements from NER to surrounding private 
lands will increase during the AMP 
implementation period compared to the pre-

treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 
is the season when changes to the NER feeding 
program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 
Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 
need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis  
process includes brucellosis seroprevalence,  
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 
Cost estimate for Elk Collaring Project: 
$115,500 first year costs with $29,200 in 2017 
and $29,200 in 2018 to maintain sample size for 3 
years post AMP implementation. 
Total cost=$173,900 
 
Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post AMP 
implementation.  There are no recent brucellosis 
seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk 
collaring operations in winter 2016, and each elk 
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will be tested for Brucellosis exposure.  The 2016 
Brucellosis seroprevalence rate will be the pre-
treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 

introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 
management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 
CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 
technicians working from September-December 
are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 

 

 
EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 

strategies outlined in this plan will be in place for 
a minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 
an annual adaptive management update/report, 
completed by NER staff by the end of March for 
the previous year.  

 

PUBLIC OUTREACH AND EDUCATION  
The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMP 
implementation.  The practice of feeding elk 
evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMP in order to gain general 
consent to modify longstanding elk/bison herd 
management methods. 

 
[the remainder of this section is a draft 
communication plan that could be put in an 
appendix] 
 
Communication Goals 
 
Prior to the Adaptive Management Plan’s 
Implementation 
 
• Utilize a variety of outreach methods to 

inform the public on the goals and timing of 
the Adaptive Management Plan’s 
implementation and possible effects on 
wintering herds. 

• Utilize a variety of outreach methods to inform 
the public on public comment opportunities. 

• Identify and coordinate key messages and 
outreach with USFWS regional and national 
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offices, State and federal agency partners, non-
profits, elected officials, and other identified 
audiences. 

 
During the Adaptive Management Plan’s 
Implementation 
 
Continue to utilize a variety of outreach methods 
to describe current management actions as well 
as measurable and noticeable changes on the 
landscape, in animal behavior, or in animal health. 
Provide a comprehensive overview of the 

 
 

Adaptive Management Plan by providing links and 
references to previous outreach and background 
information. 
 
Communication Objectives 
 
• Work with current media contacts to promote 

news of the Adaptive Management Plan via 
print, radio, Web, and social media platforms. 

• Utilize new media and social media tools to 
provide information on why the Adaptive 
Management Plan was developed, what public 
comment opportunities exist, and how the 
plan is being implemented. 

• Plan, coordinate, and execute public meetings 
to allow for public comment and questions on 
the plan. 

• Develop and provide methods for the 
public to submit written comments on 
the Adaptive Management Plan. 

• Monitor print media on Refuge elk and bison 
management to see how Adaptive 
Management Plan objectives and reactions 
are being portrayed to the public. 

 
Current Outreach Resources 
 
• National Elk Refuge web site 
• National Elk Refuge news release list 
• (approximately  300 contacts) 
• National Elk Refuge Twitter site (1,039 

followers) 

• Bison and Elk Management Plan web site 
(http://www.fws.gov/bisonandelkplan/) 

• Space for an 11” x 17” poster in the Visitor 
Center on Refuge management topics 

• Display panels in the Visitor Center theater 
for temporary displays 

 
Available Supporting Outreach Resources 
 
• USFWS Mountain–Prairie External Affairs staff 
• USFWS Mountain–Prairie web site, including 

the 
• “Top Stories” feature 
• USFWS Mountain–Prairie Twitter site 

USFWS Mountain-Prairie Region Facebook 
page 

• USFWS National Wildlife Refuge System 
• Facebook page 
• USFWS Facebook page 
 
Previous Outreach Efforts 
 
• NER routinely writes and disseminates news 

releases on Refuge management activities, 
including the Comprehensive Conservation 
Plan, supplemental feeding, herd health 
monitoring, and forage production.  

• Post the above news stories as Content. 
• Management System (CMS) articles. 
• Post CMS news story promos so they 

prominently appear on the home page, linking 
readers to the articles. 

• Send out Twitter messages linking viewers back 
to the news stories. 

• Prepare, upload and provide links to Adobe 
PDF versions of news stories with addtional 
photos where additonal images are available 
and/or help understand or visualize the 
content. 

• Utilized the Conservation link on the web 
Content 

• Management System to post information about 
the Bison and Elk Management Plan and the 
draft Comprehensive Conservation Plan. 

• Retained and provided a link to the original 
Bison and Elk Management web page 
(http://www.fws. gov/bisonandelkplan/) that 
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was developed during the planning process. 
The web site includes links to the Final 
Plan/EIS, Record of Decision, Federal Register 
Notice of Availability for both the Record of 
Decision and Final Plan/EIS, associated news 
releases, public meeting highlights, and other 
related documents. Note: the National Elk 
Refuge does not manage the site. 

 
Additional Outreach Opportunities 

 
• Public meetings in Jackson and other identified 

locations. 
• Service–produced video; video could be posted 

to the National Elk Refuge’s multimedia web 
page, or USFWS Mountain–Prairie home page 
“Top Video” feature. 

• Live radio interview on KHOL (Jackson, WY 
radio) 

• Wyoming Public Radio interview with 
Refuge management staff 

• Interviews with local print media sources 
• Updates at community leader meetings such as 

Rotary Club, Jackson Hole Chamber of 
Commerce board meetings, and interagency 
breakfast meetings (with Federal agencies and 
local elected officials). 

 
Target Audiences 
 
Internal 
• Regional and National USFWS Leadership 
• Refuge permanent staff 
• Refuge seasonal staff 
• Refuge volunteers 
 
External 

• Congressional representatives 
• State of Wyoming leadership 
• Federal agency partners, particulary Grand 

Teton National Park and the Bridger–Teton 
National Forest 

• Wyoming Game & Fish Department 
• Other NER partners, including county and 

town agencies and local nonprofit 
organizations 

• Local elected officials 
• Private landowners in proximity to the National 
• Elk Refuge or neighboring Federal lands 
• Tribes 
• Local and state media 
• Local public 
 
Key Outreach Topics 
 
• Overview of BEMP objectives 
• Strategy to change elk/bison behavior 
• Threat of disease 
• Natural mortality rates 
• Anticipated winter distribution changes for 

bison/elk 
• Mitigate negative effects on private lands 
• Change elk behavior and distribution while 

avoiding increased mortality. 
• Explain the historic reasons a supplemental 

feeding program began and why it was 
continued.   

• Explain the NER’s limited large ungulate 
carrying capacity and the disproportionate 
impact of bison on available forage; 3 elk = 1 
bison. 
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SCHEDULES 
 

 

AMP Implementation Schedule 

 

 Action Date 
1 GPS Collar 30-40 elk prior to strategy implementation (Iridium platform) February 2016 
2. Public outreach and education March 2016 
3. Initiate private lands conflicts mitigation contacts/actions March 1, 2016 
4. Implement enhanced forage monitoring  March 1, 2016 
5. Initiate changes in supplemental feeding protocol January 2017 
6 Monitoring/Evaluation/Annual Report June 2017 

 

Table 10.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 
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BUDGET 

 

 

Table 11 [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Seasonal Biological 
Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 

     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment 
distribution1      

     Expanded standing forage 
estimates1      

     Chronic Wasting Disease, 2 
seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 

     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; 
Iridium Platform $115,000 $25,00029,000 $25,00029,000 $25,00030,000 $25,00030,000 

Bison barrier at NER south 
entrance $80,000 $1,000 $1,000 $1,000 $1,000 

Adaptive Management Plan 
annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 

Private lands:      
     Easements / Acquisition      
     Damage reimbursements 
(Wyoming)      

     Conflict mitigation 
coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 

Vegetation 
restoration/protection1      

Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 
Subtotal      

Grand Teton National Park:      
Monitoring:      
     Summer elk 
classification/distribution      

     Hunter harvest      
     Harvest age distribution      
     Transition range forage 
production/utilization      

Vegetation 
Restoration/Protection      

     T  bi  f i       
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APPENDIX 1.  Summary of primary potential 
impacts associated with reduced supplemental 
feeding, as identified in alternative 4 
environmental consequences section of the 
Final Bison and Elk Management 
Plan/Environmental Impact Statement (USFWS 
and USNPS 2007). 

Populations 

• Jackson elk herd objective of 11,000 
would be maintained. 

• New Jackson bison herd objective of 500 
established. 

Winter Feeding 

• Supplemental feeding could be delayed 
or could occur earlier compared to 
current practices. 

• Changes [to feeding program could] 
include alterations in the timing of 
feeding and providing supplemental feed 
in fewer years. 

• Ration or pellet composition might need 
to be changed. 

• Supplemental feeding would be initiated 
according to established criteria, 
including pre-winter forage production, 
assessments of forage utilization (done 
jointly by WGFD and NER personnel), elk 
condition and movements, and 
potentially on the January 1 index of 
winter severity calculations for elk 
(Farnes, Heydon, and Hansen 1999). 

• Mechanical means could be used to 
increase forage access for elk after snow 
crusting events. 

• Changes in the refuge supplemental 
feeding program could begin to affect elk 
nutrition (negligible adverse effect on 
NER elk from lower nutrition). 

• Displacement of elk by bison during 
competition for standing forage would 
decrease as the bison herd is reduced.  

• Aggressive social interactions involving 
competition for food among elk and 
bison would increase overall as feeding 
periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline 
due to more reliance on standing forage 
and wider distribution. 

• Elk use of lands surrounding the NER 
would increase, including: 

o USFS lands east of the NER 
o Gros Ventre feedgrounds 

possibly 
o Southern GTNP 
o State feedgrounds south of the 

NER 
• Most of winter distribution shift would 

involve elk in the Yellowstone, Teton 
Wilderness, and Gros Ventre segments. 

• As ungulate numbers decreased and 
supplemental feeding was reduced, 
competition and aggressive social 
interactions on the refuge would also be 
reduced. 

• Elk and bison distribution would increase 
as the animals relied more on native 
winter range. 

• Fewer animals would be present on the 
refuge. 

Mortality 

• As supplemental feeding is reduced, 
natural factors such as climate and native 
forage availability would have a greater 
influence on numbers, movements, 
distribution, and mortality. 

• More elk would be subject to natural 
factors affecting mortality, including loss 
of body condition, predation, and 
starvation. 

• Increased mortality on and off the refuge 
would mainly affect older elk and calves, 
and some prime bulls entering the winter 
energetically stressed due to rut 
activities. 

• Late winter calf ratios could decrease as a 
result of higher winter calf mortality 

• Average winter mortality on the refuge 
would increase from 1%–2% annually to 
an estimated 1%–5%. 
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• Overall, a higher total winter mortality 
rate of approximately 5% could be 
expected. 

Disease 

• Reductions in supplemental feeding or 
elk numbers would reduce the potential 
for impacts due to tuberculosis, 
septicemic pasturelosis, and CWD. 

• The health and sustainability of the 
Jackson elk herd would be increased 
gradually as supplemental feeding was 
reduced and there was greater reliance 
on standing forage and wider ungulate 
distribution. 

• Health and sustainability of the Jackson 
elk herd would be enhanced in the long 
term. 

• Wider distribution of elk would result in 
moderate reductions in both the 
prevalence and potential transmission of 
brucellosis, as well as potential for spread 
of diseases not yet in the population. 

Private Lands 

• The agencies would work closely with the 
WGFD and landowners, including 
livestock producers, to coordinate actions 
that would prevent conflicts due to elk 
dispersal and to defray costs of managing 
potential conflicts. Preventing access to 
food/hay rewards on private lands would 
be vital for effective management. 

• Private land conservation easements 
within NER boundaries would promote 
wider distribution.  
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APPENDIX 2.  Monitoring Supplemental 
Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured 
at every 5 steps along the random bearing 
determined for each site.  At each subplot a 
13.27” diameter metal sampling ring will be 
placed on the ground. The amount of forage 
available to elk within the sampling ring (dry 
weight in grams) will be visually estimated.  The 
13.27” diameter subplot allows easy conversion 
from grams to lbs. per acre (each gram is 
equivalent to 100 lbs. per acre). During annual 
forage production sampling, refuge biologist Eric 
Cole has made approximately 1,000 of these 
visual estimates per year for 17 years, and 33% of 
Cole’s estimates have been verified by clipping 
and weighing.  Therefore, Cole will be the 
principal estimator, but additional personnel will 
be trained in these techniques to provide 
redundancy in the event of personnel changes, 
and to increase the number of observers to 
facilitate estimation of error. 

Estimating available forage within the sample ring 
at each subplot is relatively straightforward when 
snow cover is limited, but estimating how much 
of the forage is accessible to elk when snow is 
dense, deep and crusted can be subjective.  To 
decrease the subjectivity of the estimation 
process, if the area under the sample ring is 
covered with snow, only forage that can be 
exposed with a gloved hand will be included in 
the estimate of available forage.  Forage that is 
fouled with manure and/or flush with the ground 
due to trampling and/or encrusted in ice will not 
be included in the estimate of available forage. 

At each subplot the estimate of available forage 
(dry weight g) will be converted to an equivalent 
lbs./acre value (1 gram=100 lbs./acre).   The 
arithmetic mean of available forage (lbs./acre) for 

the 10 subplots provides an estimate of available 
forage for each index site.  There are 3 sample 
site categories: 1) Historic  Key Index Sites that 
have been used since 2007, 2) New randomly 
selected sites within areas preferred by elk, and 
3) New randomly selected sites in areas not 
preferred by elk.  Historic key index sites were 
not randomly selected, but were instead selected 
to represent areas most preferred by elk on the 
south end of NER.  These were the sites used to 
determine when supplemental feeding would be 
initiated from 2007 until the implementation of 
the AMP.  To facilitate comparison with pre-AMP 
data, we will continue to use mean lbs. per acre 
across historic key index sites to determine the 
300 lbs. per acre threshold.  However, post AMP 
implementation we will delay feeding initiation 
by 2 weeks once the 300 lbs./acre level has been 
reached.  We will concurrently sample at 
randomly selected sites stratified on an annual 
basis between areas highly preferred and not 
highly preferred by elk.  This will enable us to 
quantify the relationship between mean forage 
availability at historic key index sites and random 
sites over time. 

Appendix 3 

Elk winter distribution model 
 
The proportion of the JEH that winter on the NER 
will be linked to factors hypothesized to influence 
elk winter distribution (Fig. 2) using a generalized 
linear mixed effects model (GLMM). A GLMM can 
account for a proportional response variable (i.e., 
constrained to the interval 0–1) using a log link 
and binomially-distributed errors. A GLMM also 
includes fixed and random effects, with the latter 
capturing residual model variance otherwise not 
explained by fixed effects. Year will be including 
as a random effect, providing several benefits. 
First, we don’t assume years are independent and 
comprise all of the factor levels of interest. 
Instead, the effect of year is treated as a random 
variable, with individual year effects realizations 
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of that distribution. This allows inference to non-
sampled factor levels, i.e. years, by estimating a 
latent population-level proportion of elk 
expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect 
can be considered a latent variable describing elk 
behavior manifested as observed winter 
distribution. Second, because year effects are not 
treated as independent, estimated effects of year 
on the proportion of JEH elk wintering on the NER 
are dependent on all factor levels, leading to 
greater precision when estimating individual year 
effects (Kéry 2010).  
 
The full GLMM incorporating fixed effects for 
each factor identified as influencing elk winter 
distribution (Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 + 
𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝑆𝑆𝑡𝑡 + 𝜀𝜀𝑡𝑡 

 
where the random intercept and residual model 
variance are 
 
𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0

2 ), and 
 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
 
Fixed effects include 1) per capita available 
forage at initiation of winter feeding (AFI) , 2) 
proportion of the JEH that are short-distance 
migrants (SDM), 3) number of wolf packs present 
on JEH native winter range (WP), 4) growing 
season (May–August) precipitation for the 
Wyoming Snake Drainage climate division (GSP; a 
proxy for available forage on native winter 
range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early 
winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. 
(2003) has as an output weekly available forage 
biomass for the NER (sum of predictions for 30 × 
30 m cells). These predictions account for snow 
conditions using a proxy of SWE and decrement 

total available biomass by 35% to account for 
unpalatable plants within the total estimate.  
 
While calf survival is a function of multiple factors 
(Fig. 3), the primary management action 
influencing calf survival is supplemental winter 
feeding. Current winter feeding initiation criteria 
lead to calf survival generally higher than in unfed 
populations. Proposed feeding initiation criteria 
will result in later initiation of supplemental feed, 
which will be most influential to calf survival. 
There is currently little understanding regarding 
the relationship between initiation of winter 
feeding and calf survival, except that current 
feeding initiation criteria result in high calf 
survival. We believe a threshold level of available 
forage at initiation of winter feeding exists such 
that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized 
to decline quickly with reductions in available 
forage at winter feeding initiation. Available 
forage at the initiation of winter feeding will be 
related to on elk calf winter survival using a 
saturating function (i.e., Holling type-II functional 
response; Fig. 6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf 
survival is related to available forage. Maximum 
calf survival is a, and b represents the value of 
available forage to an individual when survival is 
50% of a (Hilborn and Mangel 1997).  
 
 
Although this approach doesn’t capture forage 
deficits per se, it does provide a potentially 
sensitive proxy for this concept. It is assumed 
that a forage deficit for calves would occur at a 
point on the curve of the relationship between 
calf survival and available forage at initiation of 
supplemental feeding. Modeling the response of 
winter calf elk survival to changes in feeding 
initiation criteria facilitates our ability to 
maximize the influence of feeding initiation 
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criteria on winter distribution while minimizing 
the likelihood of a large mortality event.   Commented [UFS68]: Here it is again.  What is this and what is 

its significance in management? 
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Figure_. Hypothesized relationship between winter survival of elk calves and per capita available forage at 
initiation of winter feeding on the National Elk Refuge.  
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EXECUTIVE SUMMARY [incomplete] 

 

Overview 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands, focused on four broad goals related to: 1) 
habitat conservation; 2) sustainable populations; 
3) numbers of elk and bison; and 4) disease 
management.  The final plan directed the NER 
and GTNP (in conjunction with the Wyoming 
Game and Fish Department; WGFD) to maintain 
the state’s elk herd objective of 11,000, establish 
a bison population objective of 500, restore 
habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program, when necessary in GTNP,  
continue to vaccinate elk for and effective 
vaccine becomes available, and develop a 
dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework referenced in 
the Record of Decision. 
 
Background 
Winter feeding of elk in Jackson was originally 
initiated to reduce winter mortality of elk and 
minimize depredation of ranchers’ hay.   The loss 
of available winter range in Jackson Hole due to 
new ranching operations and a growing town 
resulted in significant numbers of elk dying during 
several severe winters in the late 1800s and early 
1900s. This prompted local citizens and 
organizations, as well as state and federal officials 
in Jackson Hole, to begin feeding elk in the winter 
of 1910–11. Congress heeded the appeals for 
assistance and on August 10, 1912, established 
the National Elk Refuge. Today, the need for the 
refuge’s winter elk feeding program is a direct 

result of reduced access to significant parts of elk 
native winter range, loss of historic migration 
patterns, behavioral conditioning of elk to winter 
feeding, and the desire to maintain a population 
objective established in the context of 
supplemental feeding. 
 
Bison were extirpated outside Yellowstone 
National Park (YNP) by the mid-1880s but in 1948 
were reintroduced to Jackson Hole when 20 bison 
from (YNP) were released near Moran, Wyoming.  
The herd remained small until discovering elk 
feedlines in 1980, when the population began 
sustained population growth.  Bison and elk that 
winter on the NER are migratory and occupy 
summer ranges predominantly to the north. 
 
Objectives 
This adaptive management plan addresses 
several objectives under a broader BEMP goal of 
sustainable populations, which directed the 
agencies to: 1) Develop an adaptive management 
plan for reducing NER supplemental feeding; 2) 
[implement a] phased reduction of animals on 
feed: a) to 5,000 elk and 500 bison, and b) [to a 
point where] elk and bison rely predominantly on 
native habitat; 3) maintain natural elk bull-to-cow 
ratios in park summer herd; and 4) Enhance 
public outreach/education.  The BEMP further 
stated that consideration criteria for 
implementing the 2nd phase of reduced feeding 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on  private 
lands during high risk disease transmission 
periods, 4) maintaining desirable winter 
distribution patterns of elk and bison, 5) the 
prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 

Commented [S1]: Steve K, my view on this is that it should be 
relatively short, because this is not a long document.  I am thinking 
perhaps 2-3 pages max.  What are your thoughts? 
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transitioning from winter feeding of elk and 
bison on the NER to greater reliance on free-
standing forage, while maintaining population 
and herd ratio objectives.  
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies approximately 
8,000 km2 in the upper Snake River watershed 
north of the town of Jackson (Fig. 1).  Much of the 
herd is migratory, moving between distinct 
wintering and summer ranges.  Primary wintering 
areas include the Buffalo Valley, lower elevations 
of the Gros Ventre River drainage, the National 
Elk Refuge (NER), and areas adjacent to the NER 
on Bridger-Teton National Forest (BTNF) lands.  
Summering areas occur throughout the herd’s 
range and for convenience are divided into four 
geographic regions that include Grand Teton 
National Park (GTNP), Yellowstone National Park 
(YNP), the Gros Ventre drainage, and Teton 
Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 

“tusk hunters” and large-scale commercial 
hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
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and federal officials in Jackson Hole, to begin 
feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 

reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
 



 

 3  
 

Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
 
An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 
Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 
tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 

Preserve, Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 
to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and a variety of feeding 
strategies are employed to help reduce  
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 
 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
3).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt administered by WGFD.  This plan was 

halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig 3).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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bison and elk management focused on four broad 
goals related to: 1) habitat conservation; 2) 
sustainable populations; 3) numbers of elk and 
bison; and 4) disease management.  The primary 
management scenarios presented in the 
alternatives included the status quo, terminating 
elk and bison hunting on the NER and the elk 
reduction program in GTNP, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework listed on 
page 5 of the Record of Decision (Fig. 4).  It does 
not address other on-going bison and elk 
management actions already prescribed by the 
BEMP. 
 
The BEMP scheduled the completion of an 
Adaptive Management Plan for 2008.  However, 
litigation challenging the BEMP in 2008 led to the 
decision to postpone its development until 
litigation was resolved.  As of March 2015, two 
court rulings have upheld the 2007 BEMP and 
ROD. In a lawsuit against the  BEMP and its 
author agencies (Defenders of Wildlife et al. v. 
the U.S. Department of Interior and State of 

Wyoming 2010), plaintiffs argued that the BEMP 
violated the National Wildlife Refuge System 
Improvement Act (National Wildlife Refuge 
System Improvement Act 1997) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 
agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling 
(Defenders of Wildlife et al. v. the U.S. 
Department of Interior and State of Wyoming 
2011).   
 
National Environmental Protection Act 
Compliance 
 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   



 

 6  
 

Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 
objectives, 2 knowledge (including descriptive 
models) of the dynamics of the system being 
managed, 3) clearly articulated management 
actions and strategies, and 4) a monitoring 

program to evaluate responses of the system to 
management actions (Walters 1986).  
 
 This step-down plan utilizes adaptive 
management planning principles but is not 
intended to meet all of the adaptive 
management planning elements outlined in the 
Department of Interior Adaptive Management 
Technical Guide (2007).  This Step-Down Plan is 
more accurately described as a “structured 
framework of adaptive management actions that 
progressively transitions from supplemental 
winter feeding to greater reliance on free-
standing forage (BEMP ROD p.5).     
 
 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 
goals, 20 associated objectives were addressed 
(Table 1).  This adaptive management plan 
addresses four objectives under the goal of 
sustainable populations (Fig. 5). 
 
In Phase 1 of the second objective, the aim is to 
reduce the average number of elk on feed to 
5,000 (while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP-adopted objective of 500. In 
Phase 2, the overall objective is to reduce the 
reliance of bison and elk on supplemental feed 
(USFWS and USNPS 2007a).  Desired conditions 
include animals relying predominantly on native 
habitat and cultivated forage. Important 
consideration criteria for implementing Phase 2 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
private lands during high risk disease 
transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 
 

This Plan focuses on management actions to 
initially achieve Phase 1 objectives. However, if 

Table 1.  2007 Bison/Elk Management Plan 
Goals and Objectives (Adaptive Management 
Plan objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and 

cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives: 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 

• Phase reduction of animals on feed: 1) 
to 5,000 elk and 500 bison, and 2) elk 
and bison rely predominantly on native 
habitat. 

• Maintain natural bull-to-cow ratios in 
park summer herd. 

• Ensure a genetically viable bison herd 
with close to an even sex ratio. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 
11,000. 

• Maintain a genetically viable bison 
population of about 500 animals. 

Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk 
from elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

• Educate hunters about wildlife disease 
human health hazards. 
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successful, these actions will continue to be used 
to achieve the Phase 2 objective of reducing 

reliance on supplemental feeding while 
considering the six criteria listed above.      

 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 

and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The 
management stepdown approach will necessarily 
be one of investigation, constant evaluation, 
modifications to approach when indicated, and 
repeated trials (Fig 4).  As such the approach will 
also be experimental,  guided by rigorous analysis 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,200 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 
to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000, but because the proportion of the 
Jackson Elk Herd that winters on NER has 
increased dramatically (Fig. 6), this will make 
achieving the Phase I objective of 5,000 elk on 

feed and any future elk population reductions 
more difficult.   Preliminary modeling suggests 
that the increasing proportion of the Jackson Elk 
Herd wintering on NER has been associated with 
1) changes in elk winter distribution associated 
with wolves and 2)high numbers of elk that 
summer immediately adjacent to NER (Cole and 
Foley et al. 2015).   
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013. In recent years irrigation of approximately 
3,600 acres has increased refuge-wide forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone, and by 15% in the southern 
portion of NER which receives the greatest use by 
elk and bison. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes will have implications for elk 
and bison management. 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.  
 
 Chronic Wasting Disease 
Supplemental feeding has occurred in all but 9 
winters on NER since 1912, and although this 
strategy minimizes winter elk mortality from 
starvation and contributes to Wyoming state elk 



 

 9  
 

herd objectives, elk occur at numbers and 
densities well in excess of carrying capacity 
(Smith et al. 2004, Lubow and Smith 2004).  
Considerable evidence suggests that Chronic 
Wasting Disease (CWD) transmission and 
prevalence are density dependent (Peters et al. 
2000, Williams et al. 2002).  Monello et al. (2014) 
found that elk densities of 15-110 per square km 
in Rocky Mountain National Park were associated 
with 13% CWD prevalence, and they predicted 
elk population declines when CWD prevalence 
exceeded 13%. NER elk densities commonly 
exceed 160 per square km (NER unpublished 
data), which suggests that the introduction of 
CWD to NER elk would have significant negative 
population effects over time. 
 

Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs/ac. Historic radio 
telemetry data and observations of elk 
movements indicate that when available forage 
delclines below 300 lbs/ac., some elk leave NER 
for surrounding private lands. Therefore, the 
purpose of this feeding trigger is to keep elk on 
the NER and prevent them from searching off-
refuge for forage which increases the potential of 
comingling.  This trigger is not a warning that a 
significant nutritional deficit threshold has been 
reached.  Available winter forage for elk and 
bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2015, relative to the current objective. 
  OBJECTIVE 2011 2012 2013 2014 2015 mean 
NER 5,000 7,746 7,360 6,285 8,296 8,390 7,615 
Gros Ventre 3,500 2,775 3,265 2,982 2,326 1,162 2,502 
Native Range1 2,500 982 894 1,784 801 913 1,075 
Total 11,000 11,503 11,519 11,051 11,423 10,465 11,192 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 
 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56, range 329-457) hunters harvested 161 

(SD = 38, range 126-225) elk per year during the 
NER hunt.  

The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 8).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5, 
range 139-301) bison per year.  This level of 
harvest has been sufficient to arrest the 
exponential growth of the population, reducing 
bison numbers from the peak in 2007 to about 
700 animals in winter 2015 (Fig 3). Tribal bison 
harvest of up to 5 animals for ceremonial 
purposes was authorized in the BEMP.  
Translocation of wild bison to lands outside of 
Teton County is not currently permitted due to 
brucellosis concerns.  
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Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions.  
 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER year around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 

and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease several days to weeks before the 
bison hunting season in an effort to increase 
hunter harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 
implementation, followed by what remains to be 
accomplished] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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  Figure 8.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
occurs one day in early February and includes 
ground counts of animals on feed at the NER and 
aerial counts of outlying bison across their winter 
ranges on the refuge, park, and Bridger-Teton 
National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 

that winter would equal 5,000 elk X 100 days = 
50,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 25,000. 
 
We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 
bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Implementation of the AMP will have successfully 
attained the objective of “transitioning from 
intensive supplemental winter feeding to greater 
reliance on free-standing forage” when 
supplemental feeding was not used for more 
than 50% of the years in a 5 year period. 
 
Initial success of AMP implementation will be a 
consistent decline in the 3-year running average 
of elk and bison fed days from the established 
baseline. While the BEMP did provide specific 
measurement criteria for the definition of 
“transitioning from intensive supplemental 
winter feeding to greater reliance on free-
standing forage” we will consider this objective 
met when the 3-year running average of elk and 
bison fed days is <50% of baseline for 5 years in a 
row.   

Commented [S3]: SK’s draft. 

Commented [S4]: SC’s alterative in this paragraph, recognizing 
that the 50% number is the crux and a glaring target. 
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Several management constraints are common to 
the strategies discussed below (Table 3).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements 
in GTNP.  Similarly, compliance with the 
Wyoming greater sage-grouse core area 
protection executive order (2011-5) could restrict 
habitat manipulations.  NEPA compliance 
conducted as part of the BEMP/EIS constrains 
what federal actions can be taken as a part of this 
plan.  State regulations constrain late (winter) 
hunt and carcass disposal timing to protect 
against brucellosis contamination, since 
February-April represent the period bison and elk 
are most likely to transmit the disease.  
Restrictions on hunting timing also result from 
BTNF winter range closures, immediately east of 
the NER and elsewhere, December 1 to April 30.  
Additional details about these and other 
constraints will be included in discussions about 
specific strategies that follow. 
 
Strategies 
 
This section will describe the management action 
this AMP proposes to implement.  As such, it 
unveils the heart of management changes 
necessary to begin the process of transitioning to 
more reliance of bison and elk on native forage 
during winter.  Fundamentally, the strategies 
discussed in this plan represent an experiment 
designed to achieve Phase I objectives of 5,000 
elk and 500 bison on NER and are a first step 
towards reducing reliance on supplemental 
feeding while meeting the sustainable population 
goals identified in the AMP. 
 
Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies to 
achieve phase I objectives are modifications to 
winter feeding and hunting seasons.  To a lesser 

Table 3. Summary of potential Adaptive 
Management Plan constraints.  
Policy 
• ESA1 Lynx – limits on habitat impacts 
• Greater Sage Grouse – core area protection 
• 2007 BEMP/EIS (federal actions/lands) 

o No fertility control 
o No test and slaughter 
o Limited tribal harvest 

• Bison/elk hunt end date (Feb. 1st)  
o WGFD, brucelosis safety 

• Carcass disposal (Feb. 15th) 
o WGFD, brucellosis safety 

• Forest Service winter closure  
(Dec. 1st – April 30th) 

• Easement limitation (NER boundary) 
Winter Feeding 
• Only during non-hunting periods 
Harvest 
• State regulations 
Vegetation Restoration/Protection 
• Bison/elk distribution 
• Exotic plant species management 
Private Lands  
• Owner agreements 
Social 
• Hunter density (safety; hunt quality) 
• Elk/bison winter mortality levels 
• Public safety (ungulate/vehicle collisions) 
• Disease  
• Land-use conflicts (agricultural and  

residential) 
Biological 
• Disease (bison/elk/cattle commingling) 
• Sage grouse habitat conflicts 
• Fencing/wildlife conflicts 
• Elk herd distribution 

o summer segment distribution goals 
Funding 
• Easement purchase 
• Plan implementation 
1Endangered Species Act 
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extent, vegetation protection and restoration can 
be important, particularly for improving long-
term ecological balance and enhancing natural 
production of native forage.  Private lands are 
also an integral component as changes in elk and 
bison distribution occur and new challenges 
develop.  The likely consequences of 
implementing these strategies were evaluated in 
the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously and 
systematically. The strategies discussed below 
have been developed in this context, with 
appropriate feedback mechanisms through 
rigorous monitoring and frequent evaluation.  
Inability to meet this objective under the 
strategies presented here would trigger a 
thorough evaluation and development of more 
aggressive strategies. 
 
Chronic Wasting Disease 
In 2014 WGFD began the revision process for the 
Wyoming CWD Management Plan (2006). WGFD 
has cooperated with federal agencies and other 
stakeholders to revise the plan, and NER and 
USFWS Region 6 Wildlife Health Office staff 
participated in several meetings associated with 
this effort.  One goal of the CWD Management 
Plan update is to develop specific management 
responses should CWD be detected on or 
adjacent to State or NER elk feedgrounds.  Early 
detection of CWD in the JEH is essential to ensure 
an effective management response. 
 

Since 1997 NER has cooperated with Wyoming 
Game and Fish Department (WGFD) to conduct 
surveillance for CWD in the JEH unit. Although 
this effort indicates that CWD is not currently 
found in the JEH, continued surveillance at 
sample sizes sufficient to detect 1% prevalence 
with 95% confidence annually will be critical to 
ensure a timely management response and limit 
the long-term population effects of the disease 
(USFWS and NPS 2007).  Given that CWD has 
been detected within 40 miles of the JEH in 
moose, within 70 miles in deer, and within 175 
miles in elk, this level of surveillance is 
warranted.   
 
Winter Feeding 
Winter feeding actions that could be modified 
include starting date, ending date, and daily 
ration.  To modify elk and bison behavior in the 
long run, delaying initiation of feeding is likely to 
have the greatest impact by gradually 
conditioning them to expect feed later on 
average, with the desired outcome of building a 
cohort of animals that rely primarily on native 
winter range and are not food conditioned. To 
reduce supplemental feeding overall, ending 
feeding early would also help decrease the 
amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   

 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 4, Fig. 9).   Time of season could 
influence this interval, most likely shortening it as 
the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from December 30 to February 28.  Delaying 
feeding by two weeks in January, for example, is 
likely to be more successful than doing so in 
February, when food stress and tendency for 
animals to move to private lands is greater.  
Forage availability could also have an influence, 
particularly if a freeze thaw event resulted in an 
acute and large reduction in available forage.  
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Both time of season and forage availability 
considerations would be affected by the numbers 
of elk and bison on the NER.  And finally, the 
distribution of animals, particularly on private, 
livestock producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer because of being displaced by 
more dominant animals.  Monitoring programs 
will include measures of calf mortality and it will 
be an influencing parameter in feedback 
mechanisms.  The BEMP anticipated that elk 
mortality could increase from 1-2% overall to 1-
5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32% based on an average 
feeding season length of 9.3 weeks from 1995-
2015. 
 
The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites and on-going measurements at those sites 
throughout the winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 

hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 4).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 
Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNP summer segment (since most 
park bulls migrate to the NER) would help inform 
levels of take proposed.  Bow hunting in areas 
currently closed to firearms will likely increase 
harvest by eliminating “no-hunt” areas which can 
become sanctuaries for large numbers of elk. 
Shifting the hunt one week later is consistent 
with later migrations and will improve harvest 
effectiveness. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has lead to significant increases of winter 
elk concentrations on the NER.    
 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
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Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 4).  Consideration would be given to later 
hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, State 
quotas will likely be reduced and management 
flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Serious consideration should be given to reducing 
the bison herd population objective in the future.  
This would lower winter forage consumption on 
the NER and help reduce elk and bison winter 
concentrations.    
 

The current bison herd objective is “. . . maintain 
and ensure a genetically viable population of 
approximately 500 animals (five-year average), 
with as close to an even sex ratio as possible to 
maximize maintenance of genetic variation over 
time. . .” (BEMP p. 136).    
 
The Jackson bison herd is not considered part of 
the U.S. Fish and Wildlife Service’s meta-
population approach to bison conservation 
because of its high prevalence of brucellosis.  This 
disease prevents the export of Jackson bison to 
other DOI conservation herds. 
 
The 500 bison population objective was set 
primarily to preserve existing genetic diversity 
assuming extremely limited natural genetic 
transfer with the Yellowstone or other DOI bison 
conservation herds.  Genetic diversity can be 
maintained for a Jackson bison herd less than 500 
if bison with desirable genetic diversity are 
periodically imported from other DOI bison 
conservation herds.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 
spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Figs. 9 and 10). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   
 

 

Figure ?. The annual fall/winter arrival of elk to 
the NER during the past several decades has 
been occurring progressively later.  This trend 
may necessitate extending the elk hunting 
season later into the year to achieve harvest 
objectives. 
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Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 
Several strategies would be employed to mitigate 
potential problems (Table 4), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 
purchase private lands easements to prevent co-
mingling. A vital component in implementing 
these mitigation measures is to establish three 
seasonal Wildlife Conflict Technician positions 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the AMP 
(see Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMP mitigation efforts.  
 
Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    

 
Vegetation Restoration/Protection 
 
[NER and GTNP staff to draft material] 
 
Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 
 
A private lands Hunting Coordinator Position 
would be established and supervised by the 
WGFD to promote and coordinate hunting 
activity focused on Southern Herd Segment 
harvest in and around private lands in the Spring 
Gulch Area north to Moose, WY (Hunt Area 78).    



 

 18  
 

Table 4 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold  <= 10%  
  Elk/bison distribution - visual    
  Elk/bison distribution –  
  collars 

   

  Winter mortality    
  Elk summer range 
  proportions 

   

    
Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 
   Structure  - 1 week initial drawing 

- 1 week left over 1st 
served 
- partial week alternate 

- 1 week initial drawing 
- 1 week left over 1st 
served 
- partial week alternate 
- daily 1st served 
alternates 

 

1Number elk and bison on feed per day, totaled by feeding season. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   Landscape damage    
   Easement acquisition    
    
Vegetation Restoration/ 
Protection: Elk Refuge 

   

    
Vegetation Restoration/ 
Protection: Grand Teton 
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Figure 9.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure  10. [example] Framework for harvest strategy and adaptive management. 
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Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMP (Table 5).  Since they were not part of the 
ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management plan, and thus they are 
not being considered at this time.   

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation and cessation of winter feeding). Fig. 11 
describes possible factors that affect winter elk 
distribution (the proportion of elk on NER 
feedgrounds versus native winter range). Models 
will be used to identify the relative influence of 
our principal management strategy (a reduction 

in feed season length) and other factors on 
winter elk distribution (Appendix 3).  Over time 
this will allow us to assess whether changes in elk 
distribution were the result of our management 
actions or due to factors outside of our control.  
 
An increase in calf elk winter mortality is a 
potential result of reduced feed season length.  
Fig. 12 portrays factors that influence winter calf 
elk survival on NER.  
 

Table 5.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due 

to major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest 
herd segment in Hunt Area 78 on private lands, where 
federal agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for 
AMP because current hunting programs appear effective 
at slowly moving the herd toward the 500 animal herd 
objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands 
because current hunting programs that utilize sport 
hunters are effective at meeting herd objectives. 

Altering rations of supplemental feed Rejected as a strategy because reducing daily feed ration 
below 8 lbs/elk would be enough feed to encourage elk to 
remain on NER but would result in unacceptably high elk 
calf mortality rates. 
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Models will be used to assess the effects of 
available forage on winter calf elk survival 
(Appendix 4).  Over time this will allow us to 
assess the effects of our principal management 
strategy (reducing feed season length) relative to 

other factors on elk calf survival and potentially 
adjust our management actions based on model 
results. 
  

 
  

 

Figure 11.  Influence diagram depicting factors (including management actions) influencing outcomes 
identified in the Bison and Elk Management Plan (BEMP; USFWS 2007a). Gray hexagons represent outcomes, 
rectangles represent management actions, rounded rectangles represent factors with numerical objectives, 
and ovals represent factors outside of management control. Bolded polygons and arrows represent outcomes 
and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed rectangle) 
is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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MONITORING  
 
Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers; and 3) extending the monitoring 
period later in the winter to assess the 
relationship between available forage and elk and 
bison distribution. 
 
To better represent the total amount of forage 
available on the southern half of NER, a 

subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional random sample sites 
stratified by elk habitat preference will be added.   
Historic elk distribution mapping and elk GPS 
collar data (NER unpublished data) suggest that 
the areas most preferred by elk on southern NER 
are associated with moderate to high forage 
production and green vegetation.  Because the 
distribution of forage production and greenness 
characteristics vary annually based on irrigation 
and precipitation patterns, we will annually map 
areas preferred and not preferred by elk and 
sample sites will be randomly selected within 
each of these mapped categories.   At least 3 
historic key index sites, 3 random sites in areas 
preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 

 

Figure 12. Influence diagram depicting factors (including management actions) influencing bison and elk fed 
days on the National Elk Refuge (see text for description) and winter calf elk survival. Gray hexagons represent 
outcomes, rectangles represent management actions, rounded rectangles represent factors with numerical 
objectives, and ovals represent factors outside of management control. Bolded polygons and arrows represent 
outcomes and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed 
rectangle) is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
 



 

 25  
 

 
Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average 
forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the 
monitoring period will be extended to include the 
intervening 2 weeks.   
 
Proportion of Elk Wintering on NER 
 
A principal AMP goal is to reduce the number of 
elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 
each year, we will calculate the proportion of 
total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 

running average post AMP implementation to the 
pre-implementation baseline.  The pretreatment 
baseline will be comprised of data from 2008-
2016, a time period that represents BEMP 
implementation prior to AMP actions (Figure 13).   
 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMP implicitly assume that the 
transmission rate and prevalence of elk and bison 
diseases are density dependent and positively 
correlated with the number of elk and bison 
utilizing feedgrounds and the number of days 
they are fed.  We further assume the variables 
elk-fed-eays (EFD) and bison-fed-days (BFD) are a 
proxy for these conditions. EFD and BFD will be 
calculated annually for each species based on the 
following formulas:  
 
 
 

 

Figure13. Proportion of the Jackson Elk Herd that was 
classified on NER feedgrounds in the period following 
implementation of the Bison and Elk Management Plan 
and prior to the implementation of the Adaptive 
Management Plan (2008-2015).  These values 
represent the pretreatment baseline which will be 
compared to the 3 year running average post AMP 
implementation. 
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EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 
 
BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 

comparing the 3-year running average post AMP 
implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account for wide annual variation in EFD and BFD 
associated with winter severity (Fig. 14) 
 
Elk Winter Mortality Monitoring 
 
NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMP implementation, 
which will allow trend comparisons to the pre 
AMP baseline (Figure 15).  Under the AMP 
framework, we believe the 3 year running 
averages for total and calf winter elk mortality 
will be within the range of variation exhibited by 
the pre AMP baseline.  Historic monitoring 
suggests that calf and total mortality are sensitive 
to winter severity and disease outbreaks, and 
that winter mortality occasionally exceeds >3% 
total mortality and >10% calf mortality.  Post 
AMP mortality in excess of these levels may 
warrant shortening the 2-week feeding initiation 
delay in subsequent years. 
 
Elk Collaring 
 
One of the AMP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas.  To quantify this effect and provide real 
time information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 
sample of 50 GPS collars on elk that winter on 
NER throughout the AMP implementation period.  

 

 
 
Figure14. Elk Fed Days (EFD) and Bison Fed Days 
(BFD) in the period following implementation of the 
Bison and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 
3 year running average EFD and BFD post AMP 
implementation. 
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Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This 
sample size will not be sufficient to detect all elk 
movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk 
movements from NER to surrounding private 
lands will increase during the AMP 
implementation period compared to the pre-
treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 
is the season when changes to the NER feeding 

program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 
Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 
need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis 
process includes brucellosis seroprevalence, 
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 
Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post AMP 
implementation.  There are no recent brucellosis 
seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk 
collaring operations in winter 2016, and each elk 
will be tested for Brucellosis exposure.  The 2016 
Brucellosis seroprevalence rate will be the pre-
treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 
introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 

 

Figure15. Total and calf elk winter mortality (%) on NER 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the pretreatment 
baseline which will be compared to the 3 year running 
average post AMP implementation. 
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management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 
CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 

technicians working from September-December 
are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 

 

 
EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 
strategies outlined in this plan will be in place for 
a minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 

an annual adaptive management update/report, 
completed by NER staff by the end of March for 
the previous year.  
 
Investigating the potential effects of climate 
change on elk and bison management will be 
important in the long-term.  During 
implementation of this plan, we will collect a 
variety of data that can be drawn upon for this 
purpose.  

 

PUBLIC OUTREACH AND EDUCATION  
The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMP 
implementation.  The practice of feeding elk 

evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMP in order to gain general 
consent to modify longstanding elk/bison herd 
management methods.   
 
A detail communication plan to guide outreach 
and education efforts can be found in Appendix 3. 
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SCHEDULE 

 

 

Table 7.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 

 

 

Table 6.  Adaptive Management Plan proposed schedule. 
Action Date 

GPS Collar 30-40 elk prior to strategy implementation (Iridium platform) February 2016 

Public outreach and education March 2016 

Initiate private lands conflicts mitigation contacts/actions March 1, 2016 

Implement enhanced forage monitoring  March 1, 2016 

Initiate changes in supplemental feeding protocol January 2017 

Monitoring/Evaluation/Annual Report June 2017 
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BUDGET 

Table 8. [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Seasonal Biological Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 
     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment distribution1      
     Expanded standing forage estimates1      
     Chronic Wasting Disease, 2 seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 
     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; Iridium Platform $115,000 $25,000 $25,000 $25,000 $25,000 
Bison barrier at NER south entrance $80,000 $1,000 $1,000 $1,000 $1,000 
Adaptive Management Plan annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 
Private lands:      
     Easements / Acquisition      
     Damage reimbursements (Wyoming)      
     Conflict mitigation coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 
Vegetation restoration/protection1      
Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 

Subtotal      
Grand Teton National Park:      
Monitoring:      
     Summer elk classification/distribution      
     Hunter harvest      
     Harvest age distribution      
     Transition range forage production/utilization      
Vegetation Restoration/Protection      
     Temporary bison fencing      
     Hayfields restoration      
     Exotic plant mitigation      
     monitoring      
Elk Reduction Program      

Subtotal      
Wyoming Game and Fish Department:2      
Private lands:       
     elk harvest coordination      
     Easements / Acquisition      
     Damage reimbursements      
     Conflict mitigation coordination      

Add additional lines and categories as needed 
Subtotal      

Grand Total      
1 See detail in Appendix      
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APPENDIX 1.  Summary of primary potential impacts associated with reduced supplemental feeding, 
as identified in alternative 4 environmental consequences section of the Final Bison and Elk 
Management Plan/Environmental Impact Statement (USFWS and USNPS 2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing 

supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter 

forage production, assessments of forage utilization (done jointly by WGFD and NER personnel), 
elk condition and movements, and potentially on the January 1 index of winter severity 
calculations for elk (Farnes, Heydon, and Hansen 1999). 

• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition 

(negligible adverse effect on NER elk from lower nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the 

bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would 

increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider 
distribution. 

• Elk use of lands surrounding the NER would increase, including: 
o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNP 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and 
Gros Ventre segments. 

• As ungulate numbers decreased and supplemental feeding was reduced, competition and 
aggressive social interactions on the refuge would also be reduced. 

• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability 
would have a greater influence on numbers, movements, distribution, and mortality. 

• More elk would be subject to natural factors affecting mortality, including loss of body 
condition, predation, and starvation. 

• Increased mortality on and off the refuge would mainly affect older elk and calves, and some 
prime bulls entering the winter energetically stressed due to rut activities. 
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• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 

1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due 
to tuberculosis, septicemic pasturelosis, and CWD. 

• The health and sustainability of the Jackson elk herd would be increased gradually as 
supplemental feeding was reduced and there was greater reliance on standing forage and wider 
ungulate distribution. 

• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and 

potential transmission of brucellosis, as well as potential for spread of diseases not yet in the 
population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, 
to coordinate actions that would prevent conflicts due to elk dispersal and to defray costs of 
managing potential conflicts. Preventing access to food/hay rewards on private lands would be 
vital for effective management. 

• Private land conservation easements within NER boundaries would promote wider distribution.  
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APPENDIX 2.  Monitoring Supplemental Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured at every 5 steps along the random bearing 
determined for each site.  At each subplot a 13.27” diameter metal sampling ring will be placed on the 
ground. The amount of forage available to elk within the sampling ring (dry weight in grams) will be 
visually estimated.  The 13.27” diameter subplot allows easy conversion from grams to lbs. per acre 
(each gram is equivalent to 100 lbs. per acre). During annual forage production sampling, refuge 
biologist Eric Cole has made approximately 1,000 of these visual estimates per year for 17 years, and 
33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will be the 
principal estimator, but additional personnel will be trained in these techniques to provide redundancy 
in the event of personnel changes, and to increase the number of observers to facilitate estimation of 
error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward when 
snow cover is limited, but estimating how much of the forage is accessible to elk when snow is dense, 
deep and crusted can be subjective.  To decrease the subjectivity of the estimation process, if the area 
under the sample ring is covered with snow, only forage that can be exposed with a gloved hand will be 
included in the estimate of available forage.  Forage that is fouled with manure and/or flush with the 
ground due to trampling and/or encrusted in ice will not be included in the estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an equivalent 
lbs./acre value (1 gram=100 lbs./acre).   The arithmetic mean of available forage (lbs./acre) for the 10 
subplots provides an estimate of available forage for each index site.  There are 3 sample site categories: 
1) Historic  Key Index Sites that have been used since 2007, 2) New randomly selected sites within areas 
preferred by elk, and 3) New randomly selected sites in areas not preferred by elk.  Historic key index 
sites were not randomly selected, but were instead selected to represent areas most preferred by elk on 
the south end of NER.  These were the sites used to determine when supplemental feeding would be 
initiated from 2007 until the implementation of the AMP.  To facilitate comparison with pre-AMP data, 
we will continue to use mean lbs. per acre across historic key index sites to determine the 300 lbs. per 
acre threshold.  However, post AMP implementation we will delay feeding initiation by 2 weeks once 
the 300 lbs./acre level has been reached.  We will concurrently sample at randomly selected sites 
stratified on an annual basis between areas highly preferred and not highly preferred by elk.  This will 
enable us to quantify the relationship between mean forage availability at historic key index sites and 
random sites over time. 
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APPENDIX 3.  Communication Plan 
 
Communication Goals 
 
Prior to the Adaptive Management Plan’s Implementation 
 
• Utilize a variety of outreach methods to inform the public on the goals and timing of the Adaptive 

Management Plan’s implementation and possible effects on wintering herds. 
• Utilize a variety of outreach methods to inform the public on public comment opportunities. 
• Identify and coordinate key messages and outreach with USFWS regional and national offices, State and 

federal agency partners, non-profits, elected officials, and other identified audiences. 
 
During the Adaptive Management Plan’s Implementation 
 
• Continue to utilize a variety of outreach methods to describe current management actions as well as 

measurable and noticeable changes on the landscape, in animal behavior, or in animal health. 
• Provide a comprehensive overview of the Adaptive Management Plan by providing links and references 

to previous outreach and background information. 
 
Communication Objectives 
 
• Work with current media contacts to promote news of the Adaptive Management Plan via print, radio, 

Web, and social media platforms. 
• Utilize new media and social media tools to provide information on why the Adaptive Management Plan 

was developed, what public comment opportunities exist, and how the plan is being implemented. 
• Plan, coordinate, and execute public meetings to allow for public comment and questions on the plan. 
• Develop and provide methods for the public to submit written comments on the Adaptive 

Management Plan. 
• Monitor print media on Refuge elk and bison management to see how Adaptive Management Plan 

objectives and reactions are being portrayed to the public. 
 
Current Outreach Resources 
 
• National Elk Refuge web site 
• National Elk Refuge news release list 
• (approximately  300 contacts) 
• National Elk Refuge Twitter site (1,039 followers) 
• Bison and Elk Management Plan web site (http://www.fws.gov/bisonandelkplan/) 
• Space for an 11” x 17” poster in the Visitor Center on Refuge management topics 
• Display panels in the Visitor Center theater for temporary displays 
 
Available Supporting Outreach Resources 
 
• USFWS Mountain–Prairie External Affairs staff 
• USFWS Mountain–Prairie web site, including the 
• “Top Stories” feature 
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• USFWS Mountain–Prairie Twitter site USFWS Mountain-Prairie Region Facebook page 
• USFWS National Wildlife Refuge System 
• Facebook page 
• USFWS Facebook page 
 
Previous Outreach Efforts 
 
• NER routinely writes and disseminates news releases on Refuge management activities, including the 

Comprehensive Conservation Plan, supplemental feeding, herd health monitoring, and forage 
production.  

• Post the above news stories as Content. 
• Management System (CMS) articles. 
• Post CMS news story promos so they prominently appear on the home page, linking readers to the 

articles. 
• Send out Twitter messages linking viewers back to the news stories. 
• Prepare, upload and provide links to Adobe PDF versions of news stories with addtional photos where 

additonal images are available and/or help understand or visualize the content. 
• Utilized the Conservation link on the web Content 
• Management System to post information about 

the Bison and Elk Management Plan and the draft Comprehensive Conservation Plan. 
• Retained and provided a link to the original Bison and Elk Management web page (http://www.fws. 

gov/bisonandelkplan/) that was developed during the planning process. The web site includes links to 
the Final Plan/EIS, Record of Decision, Federal Register Notice of Availability for both the Record of 
Decision and Final Plan/EIS, associated news releases, public meeting highlights, and other related 
documents. Note: the National Elk Refuge does not manage the site. 

 
Additional Outreach Opportunities 

 
• Public meetings in Jackson and other identified locations. 
• Service produced video; video could be posted to the National Elk Refuge’s multimedia web page, or 

USFWS Mountain–Prairie home page “Top Video” feature. 
• Live radio interview on KHOL (Jackson, WY radio) 
• Wyoming Public Radio interview with Refuge management staff 
• Interviews with local print media sources 
• Updates at community leader meetings such as Rotary Club, Jackson Hole Chamber of Commerce board 

meetings, and interagency breakfast meetings (with Federal agencies and local elected officials). 
 
Target Audiences 
 
Internal 
• Regional and National USFWS Leadership 
• Refuge permanent staff 
• Refuge seasonal staff 
• Refuge volunteers 
 
External 
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• Congressional representatives 
• State of Wyoming leadership 
• Federal agency partners, particulary Grand Teton National Park and the Bridger–Teton National Forest 
• Wyoming Game & Fish Department 
• Other NER partners, including county and town agencies and local nonprofit organizations 
• Local elected officials 
• Private landowners in proximity to the National 
• Elk Refuge or neighboring Federal lands 
• Tribes 
• Local and state media 
• Local public 
 
Key Outreach Topics 
 
• Overview of BEMP objectives 
• Strategy to change elk/bison behavior 
• Threat of disease 
• Natural mortality rates 
• Anticipated winter distribution changes for bison/elk 
• Mitigate negative effects on private lands 
• Change elk behavior and distribution while avoiding increased mortality. 
• Explain the historic reasons a supplemental feeding program began and why it was continued.   
• Explain the NER’s limited large ungulate carrying capacity and the disproportionate impact of bison 

on available forage; 3 elk = 1 bison. 
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APPENDIX 4.  Models 

Elk winter distribution model 
 
The proportion of the JEH that winter on the NER will be linked to factors hypothesized to influence elk 
winter distribution (Fig. 2) using a generalized linear mixed effects model (GLMM). A GLMM can account 
for a proportional response variable (i.e., constrained to the interval 0–1) using a log link and binomially-
distributed errors. A GLMM also includes fixed and random effects, with the latter capturing residual 
model variance otherwise not explained by fixed effects. Year will be including as a random effect, 
providing several benefits. First, we don’t assume years are independent and comprise all of the factor 
levels of interest. Instead, the effect of year is treated as a random variable, with individual year effects 
realizations of that distribution. This allows inference to non-sampled factor levels, i.e. years, by 
estimating a latent population-level proportion of elk expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect can be considered a latent variable describing elk 
behavior manifested as observed winter distribution. Second, because year effects are not treated as 
independent, estimated effects of year on the proportion of JEH elk wintering on the NER are 
dependent on all factor levels, leading to greater precision when estimating individual year effects (Kéry 
2010).  
 
The full GLMM incorporating fixed effects for each factor identified as influencing elk winter distribution 
(Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 + 
𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝑆𝑆𝑡𝑡 + 𝜀𝜀𝑡𝑡 

 
where the random intercept and residual model variance are 
 
𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0

2 ), and 
 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
 
Fixed effects include 1) per capita available forage at initiation of winter feeding (AFI) , 2) proportion of 
the JEH that are short-distance migrants (SDM), 3) number of wolf packs present on JEH native winter 
range (WP), 4) growing season (May–August) precipitation for the Wyoming Snake Drainage climate 
division (GSP; a proxy for available forage on native winter range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. (2003) has as an output weekly available forage biomass 
for the NER (sum of predictions for 30 × 30 m cells). These predictions account for snow conditions using 
a proxy of SWE and decrement total available biomass by 35% to account for unpalatable plants within 
the total estimate.  
 
While calf survival is a function of multiple factors (Fig. 3), the primary management action influencing 
calf survival is supplemental winter feeding. Current winter feeding initiation criteria lead to calf survival 
generally higher than in unfed populations. Proposed feeding initiation criteria will result in later 
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initiation of supplemental feed, which will be most influential to calf survival. There is currently little 
understanding regarding the relationship between initiation of winter feeding and calf survival, except 
that current feeding initiation criteria result in high calf survival. We believe a threshold level of 
available forage at initiation of winter feeding exists such that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized to decline quickly with reductions in available forage 
at winter feeding initiation. Available forage at the initiation of winter feeding will be related to on elk 
calf winter survival using a saturating function (i.e., Holling type-II functional response; Fig. 6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf survival is related to available forage. Maximum calf survival 
is a, and b represents the value of available forage to an individual when survival is 50% of a (Hilborn 
and Mangel 1997).  
 
Although this approach doesn’t capture forage deficits per se, it does provide a potentially sensitive 
proxy for this concept. It is assumed that a forage deficit for calves would occur at a point on the curve 
of the relationship between calf survival and available forage at initiation of supplemental feeding. 
Modeling the response of winter calf elk survival to changes in feeding initiation criteria facilitates our 
ability to maximize the influence of feeding initiation criteria on winter distribution while minimizing the 
likelihood of a large mortality event.   
 

 
 Hypothesized relationship between winter survival of elk calves and per capita available forage at initiation of 
winter feeding on the National Elk Refuge.  
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EXECUTIVE SUMMARY [incomplete] 

 

Overview 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands, focused on four broad goals related to: 1) 
habitat conservation; 2) sustainable populations; 
3) numbers of elk and bison; and 4) disease 
management.  The final plan directed the NER 
and GTNP (in conjunction with the Wyoming 
Game and Fish Department; WGFD) to maintain 
the state’s elk herd objective of 11,000, establish 
a bison population objective of 500, restore 
habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program, when necessary in GTNP,  
continue to vaccinate elk for and effective 
vaccine becomes available, and develop a 
dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework referenced in 
the Record of Decision. 
 
Background 
Winter feeding of elk in Jackson was originally 
initiated to reduce winter mortality of elk and 
minimize depredation of ranchers’ hay.   The loss 
of available winter range in Jackson Hole due to 
new ranching operations and a growing town 
resulted in significant numbers of elk dying during 
several severe winters in the late 1800s and early 
1900s. This prompted local citizens and 
organizations, as well as state and federal officials 
in Jackson Hole, to begin feeding elk in the winter 
of 1910–11. Congress heeded the appeals for 
assistance and on August 10, 1912, established 
the National Elk Refuge. Today, the need for the 
refuge’s winter elk feeding program is a direct 

result of reduced access to significant parts of elk 
native winter range, loss of historic migration 
patterns, behavioral conditioning of elk to winter 
feeding, and the desire to maintain a population 
objective established in the context of 
supplemental feeding. 
 
Bison were extirpated outside Yellowstone 
National Park (YNP) by the mid-1880s but in 1948 
were reintroduced to Jackson Hole when 20 bison 
from (YNP) were released near Moran, Wyoming.  
The herd remained small until discovering elk 
feedlines in 1980, when the population began 
sustained population growth.  Bison and elk that 
winter on the NER are migratory and occupy 
summer ranges predominantly to the north. 
 
Objectives 
This adaptive management plan addresses 
several objectives under a broader BEMP goal of 
sustainable populations, which directed the 
agencies to: 1) Develop an adaptive management 
plan for reducing NER supplemental feeding; 2) 
[implement a] phased reduction of animals on 
feed: a) to 5,000 elk and 500 bison, and b) [to a 
point where] elk and bison rely predominantly on 
native habitat; 3) maintain natural elk bull-to-cow 
ratios in park summer herd; and 4) Enhance 
public outreach/education.  The BEMP further 
stated that consideration criteria for 
implementing the 2nd phase of reduced feeding 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on  private 
lands during high risk disease transmission 
periods, 4) maintaining desirable winter 
distribution patterns of elk and bison, 5) the 
prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
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transitioning from winter feeding of elk and 
bison on the NER to greater reliance on free-
standing forage, while maintaining population 
and herd ratio objectives.  
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies approximately 
8,000 km2 in the upper Snake River watershed 
north of the town of Jackson (Fig. 1).  Much of the 
herd is migratory, moving between distinct 
wintering and summer ranges.  Primary wintering 
areas include the Buffalo Valley, lower elevations 
of the Gros Ventre River drainage, the National 
Elk Refuge (NER), and areas adjacent to the NER 
on Bridger-Teton National Forest (BTNF) lands.  
Summering areas occur throughout the herd’s 
range and for convenience are divided into four 
geographic regions that include Grand Teton 
National Park (GTNP), Yellowstone National Park 
(YNP), the Gros Ventre drainage, and Teton 
Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 

“tusk hunters” and large-scale commercial 
hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 



 

 2  
 

and federal officials in Jackson Hole, to begin 
feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 

reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
 
An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 
Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 
tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 

Preserve, Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 
to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and a variety of feeding 
strategies are employed to help reduce  
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 
 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
3).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt administered by WGFD.  This plan was 

halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig 3).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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bison and elk management focused on four broad 
goals related to: 1) habitat conservation; 2) 
sustainable populations; 3) numbers of elk and 
bison; and 4) disease management.  The primary 
management scenarios presented in the 
alternatives included the status quo, terminating 
elk and bison hunting on the NER and the elk 
reduction program in GTNP, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework listed on 
page 5 of the Record of Decision (Fig. 4).  It does 
not address other on-going bison and elk 
management actions already prescribed by the 
BEMP. 
 
The BEMP scheduled the completion of an 
Adaptive Management Plan for 2008.  However, 
litigation challenging the BEMP in 2008 led to the 
decision to postpone its development until 
litigation was resolved.  As of March 2015, two 
court rulings have upheld the 2007 BEMP and 
ROD. In a lawsuit against the  BEMP and its 
author agencies (Defenders of Wildlife et al. v. 
the U.S. Department of Interior and State of 

Wyoming 2010), plaintiffs argued that the BEMP 
violated the National Wildlife Refuge System 
Improvement Act (National Wildlife Refuge 
System Improvement Act 1997) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 
agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling 
(Defenders of Wildlife et al. v. the U.S. 
Department of Interior and State of Wyoming 
2011).   
 
National Environmental Protection Act 
Compliance 
 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   
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Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 
objectives, 2 knowledge (including descriptive 
models) of the dynamics of the system being 
managed, 3) clearly articulated management 
actions and strategies, and 4) a monitoring 

program to evaluate responses of the system to 
management actions (Walters 1986).  
 
 This step-down plan utilizes adaptive 
management planning principles but is not 
intended to meet all of the adaptive 
management planning elements outlined in the 
Department of Interior Adaptive Management 
Technical Guide (2007).  This Step-Down Plan is 
more accurately described as a “structured 
framework of adaptive management actions that 
progressively transitions from supplemental 
winter feeding to greater reliance on free-
standing forage (BEMP ROD p.5).     
 
 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 
goals, 20 associated objectives were addressed 
(Table 1).  This adaptive management plan 
addresses four objectives under the goal of 
sustainable populations (Fig. 5). 
 
In Phase 1 of the second objective, the aim is to 
reduce the average number of elk on feed to 
5,000 (while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP-adopted objective of 500. In 
Phase 2, the overall objective is to reduce the 
reliance of bison and elk on supplemental feed 
(USFWS and USNPS 2007a).  Desired conditions 
include animals relying predominantly on native 
habitat and cultivated forage. Important 
consideration criteria for implementing Phase 2 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
private lands during high risk disease 
transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 
 

This Plan focuses on management actions to 
initially achieve Phase 1 objectives. However, if 

Table 1.  2007 Bison/Elk Management Plan 
Goals and Objectives (Adaptive Management 
Plan objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and 

cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives: 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 

• Phase reduction of animals on feed: 1) 
to 5,000 elk and 500 bison, and 2) elk 
and bison rely predominantly on native 
habitat. 

• Maintain natural bull-to-cow ratios in 
park summer herd. 

• Ensure a genetically viable bison herd 
with close to an even sex ratio. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 
11,000. 

• Maintain a genetically viable bison 
population of about 500 animals. 

Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk 
from elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

• Educate hunters about wildlife disease 
human health hazards. 



 

 7  
 

successful, these actions will continue to be used 
to achieve the Phase 2 objective of reducing 

reliance on supplemental feeding while 
considering the six criteria listed above.      

 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 

and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The 
management stepdown approach will necessarily 
be one of investigation, constant evaluation, 
modifications to approach when indicated, and 
repeated trials (Fig 4).  As such the approach will 
also be experimental,  guided by rigorous analysis 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,200 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 
to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000, but because the proportion of the 
Jackson Elk Herd that winters on NER has 
increased dramatically (Fig. 6), this will make 
achieving the Phase I objective of 5,000 elk on 

feed and any future elk population reductions 
more difficult.   Preliminary modeling suggests 
that the increasing proportion of the Jackson Elk 
Herd wintering on NER has been associated with 
1) changes in elk winter distribution associated 
with wolves and 2)high numbers of elk that 
summer immediately adjacent to NER (Cole and 
Foley et al. 2015).   
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013. In recent years irrigation of approximately 
3,600 acres has increased refuge-wide forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone, and by 15% in the southern 
portion of NER which receives the greatest use by 
elk and bison. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes will have implications for elk 
and bison management. 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.  
 
 Chronic Wasting Disease 
Supplemental feeding has occurred in all but 9 
winters on NER since 1912, and although this 
strategy minimizes winter elk mortality from 
starvation and contributes to Wyoming state elk 
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herd objectives, elk occur at numbers and 
densities well in excess of carrying capacity 
(Smith et al. 2004, Lubow and Smith 2004).  
Considerable evidence suggests that Chronic 
Wasting Disease (CWD) transmission and 
prevalence are density dependent (Peters et al. 
2000, Williams et al. 2002).  Monello et al. (2014) 
found that elk densities of 15-110 per square km 
in Rocky Mountain National Park were associated 
with 13% CWD prevalence, and they predicted 
elk population declines when CWD prevalence 
exceeded 13%. NER elk densities commonly 
exceed 160 per square km (NER unpublished 
data), which suggests that the introduction of 
CWD to NER elk would have significant negative 
population effects over time. 
 

Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs/ac. Historic radio 
telemetry data and observations of elk 
movements indicate that when available forage 
delclines below 300 lbs/ac., some elk leave NER 
for surrounding private lands. Therefore, the 
purpose of this feeding trigger is to keep elk on 
the NER and prevent them from searching off-
refuge for forage which increases the potential of 
comingling.  This trigger is not a warning that a 
significant nutritional deficit threshold has been 
reached.  Available winter forage for elk and 
bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2015, relative to the current objective. 
  OBJECTIVE 2011 2012 2013 2014 2015 mean 
NER 5,000 7,746 7,360 6,285 8,296 8,390 7,615 
Gros Ventre 3,500 2,775 3,265 2,982 2,326 1,162 2,502 
Native Range1 2,500 982 894 1,784 801 913 1,075 
Total 11,000 11,503 11,519 11,051 11,423 10,465 11,192 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 
 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56, range 329-457) hunters harvested 161 

(SD = 38, range 126-225) elk per year during the 
NER hunt.  

The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 8).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5, 
range 139-301) bison per year.  This level of 
harvest has been sufficient to arrest the 
exponential growth of the population, reducing 
bison numbers from the peak in 2007 to about 
700 animals in winter 2015 (Fig 3). Tribal bison 
harvest of up to 5 animals for ceremonial 
purposes was authorized in the BEMP.  
Translocation of wild bison to lands outside of 
Teton County is not currently permitted due to 
brucellosis concerns.  
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Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions.  
 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER year around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 

and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease several days to weeks before the 
bison hunting season in an effort to increase 
hunter harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 
implementation, followed by what remains to be 
accomplished] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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  Figure 8.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
occurs one day in early February and includes 
ground counts of animals on feed at the NER and 
aerial counts of outlying bison across their winter 
ranges on the refuge, park, and Bridger-Teton 
National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 

that winter would equal 5,000 elk X 100 days = 
50,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 25,000. 
 
We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 
bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Implementation of the AMP will have successfully 
attained the objective of “transitioning from 
intensive supplemental winter feeding to greater 
reliance on free-standing forage” when 
supplemental feeding was not used for more 
than 50% of the years in a 5 year period. 
 
Initial success of AMP implementation will be a 
consistent decline in the 3-year running average 
of elk and bison fed days from the established 
baseline. While the BEMP did provide specific 
measurement criteria for the definition of 
“transitioning from intensive supplemental 
winter feeding to greater reliance on free-
standing forage” we will consider this objective 
met when the 3-year running average of elk and 
bison fed days is <50% of baseline for 5 years in a 
row.   

Commented [S3]: SK’s draft. 

Commented [S4]: SC’s alterative in this paragraph, recognizing 
that the 50% number is the crux and a glaring target. 
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Several management constraints are common to 
the strategies discussed below (Table 3).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements 
in GTNP.  Similarly, compliance with the 
Wyoming greater sage-grouse core area 
protection executive order (2011-5) could restrict 
habitat manipulations.  NEPA compliance 
conducted as part of the BEMP/EIS constrains 
what federal actions can be taken as a part of this 
plan.  State regulations constrain late (winter) 
hunt and carcass disposal timing to protect 
against brucellosis contamination, since 
February-April represent the period bison and elk 
are most likely to transmit the disease.  
Restrictions on hunting timing also result from 
BTNF winter range closures, immediately east of 
the NER and elsewhere, December 1 to April 30.  
Additional details about these and other 
constraints will be included in discussions about 
specific strategies that follow. 
 
Strategies 
 
This section will describe the management action 
this AMP proposes to implement.  As such, it 
unveils the heart of management changes 
necessary to begin the process of transitioning to 
more reliance of bison and elk on native forage 
during winter.  Fundamentally, the strategies 
discussed in this plan represent an experiment 
designed to achieve Phase I objectives of 5,000 
elk and 500 bison on NER and are a first step 
towards reducing reliance on supplemental 
feeding while meeting the sustainable population 
goals identified in the AMP. 
 
Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies to 
achieve phase I objectives are modifications to 
winter feeding and hunting seasons.  To a lesser 

Table 3. Summary of potential Adaptive 
Management Plan constraints.  
Policy 
• ESA1 Lynx – limits on habitat impacts 
• Greater Sage Grouse – core area protection 
• 2007 BEMP/EIS (federal actions/lands) 

o No fertility control 
o No test and slaughter 
o Limited tribal harvest 

• Bison/elk hunt end date (Feb. 1st)  
o WGFD, brucelosis safety 

• Carcass disposal (Feb. 15th) 
o WGFD, brucellosis safety 

• Forest Service winter closure  
(Dec. 1st – April 30th) 

• Easement limitation (NER boundary) 
Winter Feeding 
• Only during non-hunting periods 
Harvest 
• State regulations 
Vegetation Restoration/Protection 
• Bison/elk distribution 
• Exotic plant species management 
Private Lands  
• Owner agreements 
Social 
• Hunter density (safety; hunt quality) 
• Elk/bison winter mortality levels 
• Public safety (ungulate/vehicle collisions) 
• Disease  
• Land-use conflicts (agricultural and  

residential) 
Biological 
• Disease (bison/elk/cattle commingling) 
• Sage grouse habitat conflicts 
• Fencing/wildlife conflicts 
• Elk herd distribution 

o summer segment distribution goals 
Funding 
• Easement purchase 
• Plan implementation 
1Endangered Species Act 
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extent, vegetation protection and restoration can 
be important, particularly for improving long-
term ecological balance and enhancing natural 
production of native forage.  Private lands are 
also an integral component as changes in elk and 
bison distribution occur and new challenges 
develop.  The likely consequences of 
implementing these strategies were evaluated in 
the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously and 
systematically. The strategies discussed below 
have been developed in this context, with 
appropriate feedback mechanisms through 
rigorous monitoring and frequent evaluation.  
Inability to meet this objective under the 
strategies presented here would trigger a 
thorough evaluation and development of more 
aggressive strategies. 
 
Chronic Wasting Disease 
In 2014 WGFD began the revision process for the 
Wyoming CWD Management Plan (2006). WGFD 
has cooperated with federal agencies and other 
stakeholders to revise the plan, and NER and 
USFWS Region 6 Wildlife Health Office staff 
participated in several meetings associated with 
this effort.  One goal of the CWD Management 
Plan update is to develop specific management 
responses should CWD be detected on or 
adjacent to State or NER elk feedgrounds.  Early 
detection of CWD in the JEH is essential to ensure 
an effective management response. 
 

Since 1997 NER has cooperated with Wyoming 
Game and Fish Department (WGFD) to conduct 
surveillance for CWD in the JEH unit. Although 
this effort indicates that CWD is not currently 
found in the JEH, continued surveillance at 
sample sizes sufficient to detect 1% prevalence 
with 95% confidence annually will be critical to 
ensure a timely management response and limit 
the long-term population effects of the disease 
(USFWS and NPS 2007).  Given that CWD has 
been detected within 40 miles of the JEH in 
moose, within 70 miles in deer, and within 175 
miles in elk, this level of surveillance is 
warranted.   
 
Winter Feeding 
Winter feeding actions that could be modified 
include starting date, ending date, and daily 
ration.  To modify elk and bison behavior in the 
long run, delaying initiation of feeding is likely to 
have the greatest impact by gradually 
conditioning them to expect feed later on 
average, with the desired outcome of building a 
cohort of animals that rely primarily on native 
winter range and are not food conditioned. To 
reduce supplemental feeding overall, ending 
feeding early would also help decrease the 
amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   

 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 4, Fig. 9).   Time of season could 
influence this interval, most likely shortening it as 
the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from December 30 to February 28.  Delaying 
feeding by two weeks in January, for example, is 
likely to be more successful than doing so in 
February, when food stress and tendency for 
animals to move to private lands is greater.  
Forage availability could also have an influence, 
particularly if a freeze thaw event resulted in an 
acute and large reduction in available forage.  
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Both time of season and forage availability 
considerations would be affected by the numbers 
of elk and bison on the NER.  And finally, the 
distribution of animals, particularly on private, 
livestock producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer because of being displaced by 
more dominant animals.  Monitoring programs 
will include measures of calf mortality and it will 
be an influencing parameter in feedback 
mechanisms.  The BEMP anticipated that elk 
mortality could increase from 1-2% overall to 1-
5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32% based on an average 
feeding season length of 9.3 weeks from 1995-
2015. 
 
The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites and on-going measurements at those sites 
throughout the winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 

hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 4).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 
Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNP summer segment (since most 
park bulls migrate to the NER) would help inform 
levels of take proposed.  Bow hunting in areas 
currently closed to firearms will likely increase 
harvest by eliminating “no-hunt” areas which can 
become sanctuaries for large numbers of elk. 
Shifting the hunt one week later is consistent 
with later migrations and will improve harvest 
effectiveness. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has lead to significant increases of winter 
elk concentrations on the NER.    
 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
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Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 4).  Consideration would be given to later 
hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, State 
quotas will likely be reduced and management 
flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Serious consideration should be given to reducing 
the bison herd population objective in the future.  
This would lower winter forage consumption on 
the NER and help reduce elk and bison winter 
concentrations.    
 

The current bison herd objective is “. . . maintain 
and ensure a genetically viable population of 
approximately 500 animals (five-year average), 
with as close to an even sex ratio as possible to 
maximize maintenance of genetic variation over 
time. . .” (BEMP p. 136).    
 
The Jackson bison herd is not considered part of 
the U.S. Fish and Wildlife Service’s meta-
population approach to bison conservation 
because of its high prevalence of brucellosis.  This 
disease prevents the export of Jackson bison to 
other DOI conservation herds. 
 
The 500 bison population objective was set 
primarily to preserve existing genetic diversity 
assuming extremely limited natural genetic 
transfer with the Yellowstone or other DOI bison 
conservation herds.  Genetic diversity can be 
maintained for a Jackson bison herd less than 500 
if bison with desirable genetic diversity are 
periodically imported from other DOI bison 
conservation herds.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 
spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Figs. 9 and 10). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   
 

 

Figure ?. The annual fall/winter arrival of elk to 
the NER during the past several decades has 
been occurring progressively later.  This trend 
may necessitate extending the elk hunting 
season later into the year to achieve harvest 
objectives. 
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Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 
Several strategies would be employed to mitigate 
potential problems (Table 4), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 
purchase private lands easements to prevent co-
mingling. A vital component in implementing 
these mitigation measures is to establish three 
seasonal Wildlife Conflict Technician positions 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the AMP 
(see Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMP mitigation efforts.  
 
Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    

 
Vegetation Restoration/Protection 
 
[NER and GTNP staff to draft material] 
 
Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 
 
A private lands Hunting Coordinator Position 
would be established and supervised by the 
WGFD to promote and coordinate hunting 
activity focused on Southern Herd Segment 
harvest in and around private lands in the Spring 
Gulch Area north to Moose, WY (Hunt Area 78).    
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Table 4 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold  <= 10%  
  Elk/bison distribution - visual    
  Elk/bison distribution –  
  collars 

   

  Winter mortality    
  Elk summer range 
  proportions 

   

    
Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 
   Structure  - 1 week initial drawing 

- 1 week left over 1st 
served 
- partial week alternate 

- 1 week initial drawing 
- 1 week left over 1st 
served 
- partial week alternate 
- daily 1st served 
alternates 

 

1Number elk and bison on feed per day, totaled by feeding season. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   Landscape damage    
   Easement acquisition    
    
Vegetation Restoration/ 
Protection: Elk Refuge 

   

    
Vegetation Restoration/ 
Protection: Grand Teton 
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Figure 9.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure  10. [example] Framework for harvest strategy and adaptive management. 
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Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMP (Table 5).  Since they were not part of the 
ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management plan, and thus they are 
not being considered at this time.   

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation and cessation of winter feeding). Fig. 11 
describes possible factors that affect winter elk 
distribution (the proportion of elk on NER 
feedgrounds versus native winter range). Models 
will be used to identify the relative influence of 
our principal management strategy (a reduction 

in feed season length) and other factors on 
winter elk distribution (Appendix 3).  Over time 
this will allow us to assess whether changes in elk 
distribution were the result of our management 
actions or due to factors outside of our control.  
 
An increase in calf elk winter mortality is a 
potential result of reduced feed season length.  
Fig. 12 portrays factors that influence winter calf 
elk survival on NER.  
 

Table 5.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due 

to major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest 
herd segment in Hunt Area 78 on private lands, where 
federal agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for 
AMP because current hunting programs appear effective 
at slowly moving the herd toward the 500 animal herd 
objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands 
because current hunting programs that utilize sport 
hunters are effective at meeting herd objectives. 

Altering rations of supplemental feed Rejected as a strategy because reducing daily feed ration 
below 8 lbs/elk would be enough feed to encourage elk to 
remain on NER but would result in unacceptably high elk 
calf mortality rates. 
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Models will be used to assess the effects of 
available forage on winter calf elk survival 
(Appendix 4).  Over time this will allow us to 
assess the effects of our principal management 
strategy (reducing feed season length) relative to 

other factors on elk calf survival and potentially 
adjust our management actions based on model 
results. 
  

 
  

 

Figure 11.  Influence diagram depicting factors (including management actions) influencing outcomes 
identified in the Bison and Elk Management Plan (BEMP; USFWS 2007a). Gray hexagons represent outcomes, 
rectangles represent management actions, rounded rectangles represent factors with numerical objectives, 
and ovals represent factors outside of management control. Bolded polygons and arrows represent outcomes 
and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed rectangle) 
is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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MONITORING  
 
Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers; and 3) extending the monitoring 
period later in the winter to assess the 
relationship between available forage and elk and 
bison distribution. 
 
To better represent the total amount of forage 
available on the southern half of NER, a 

subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional random sample sites 
stratified by elk habitat preference will be added.   
Historic elk distribution mapping and elk GPS 
collar data (NER unpublished data) suggest that 
the areas most preferred by elk on southern NER 
are associated with moderate to high forage 
production and green vegetation.  Because the 
distribution of forage production and greenness 
characteristics vary annually based on irrigation 
and precipitation patterns, we will annually map 
areas preferred and not preferred by elk and 
sample sites will be randomly selected within 
each of these mapped categories.   At least 3 
historic key index sites, 3 random sites in areas 
preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 

 

Figure 12. Influence diagram depicting factors (including management actions) influencing bison and elk fed 
days on the National Elk Refuge (see text for description) and winter calf elk survival. Gray hexagons represent 
outcomes, rectangles represent management actions, rounded rectangles represent factors with numerical 
objectives, and ovals represent factors outside of management control. Bolded polygons and arrows represent 
outcomes and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed 
rectangle) is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average 
forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the 
monitoring period will be extended to include the 
intervening 2 weeks.   
 
Proportion of Elk Wintering on NER 
 
A principal AMP goal is to reduce the number of 
elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 
each year, we will calculate the proportion of 
total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 

running average post AMP implementation to the 
pre-implementation baseline.  The pretreatment 
baseline will be comprised of data from 2008-
2016, a time period that represents BEMP 
implementation prior to AMP actions (Figure 13).   
 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMP implicitly assume that the 
transmission rate and prevalence of elk and bison 
diseases are density dependent and positively 
correlated with the number of elk and bison 
utilizing feedgrounds and the number of days 
they are fed.  We further assume the variables 
elk-fed-eays (EFD) and bison-fed-days (BFD) are a 
proxy for these conditions. EFD and BFD will be 
calculated annually for each species based on the 
following formulas:  
 
 
 

 

Figure13. Proportion of the Jackson Elk Herd that was 
classified on NER feedgrounds in the period following 
implementation of the Bison and Elk Management Plan 
and prior to the implementation of the Adaptive 
Management Plan (2008-2015).  These values 
represent the pretreatment baseline which will be 
compared to the 3 year running average post AMP 
implementation. 
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EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 
 
BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 

comparing the 3-year running average post AMP 
implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account for wide annual variation in EFD and BFD 
associated with winter severity (Fig. 14) 
 
Elk Winter Mortality Monitoring 
 
NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMP implementation, 
which will allow trend comparisons to the pre 
AMP baseline (Figure 15).  Under the AMP 
framework, we believe the 3 year running 
averages for total and calf winter elk mortality 
will be within the range of variation exhibited by 
the pre AMP baseline.  Historic monitoring 
suggests that calf and total mortality are sensitive 
to winter severity and disease outbreaks, and 
that winter mortality occasionally exceeds >3% 
total mortality and >10% calf mortality.  Post 
AMP mortality in excess of these levels may 
warrant shortening the 2-week feeding initiation 
delay in subsequent years. 
 
Elk Collaring 
 
One of the AMP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas.  To quantify this effect and provide real 
time information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 
sample of 50 GPS collars on elk that winter on 
NER throughout the AMP implementation period.  

 

 
 
Figure14. Elk Fed Days (EFD) and Bison Fed Days 
(BFD) in the period following implementation of the 
Bison and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 
3 year running average EFD and BFD post AMP 
implementation. 
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Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This 
sample size will not be sufficient to detect all elk 
movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk 
movements from NER to surrounding private 
lands will increase during the AMP 
implementation period compared to the pre-
treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 
is the season when changes to the NER feeding 

program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 
Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 
need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis 
process includes brucellosis seroprevalence, 
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 
Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post AMP 
implementation.  There are no recent brucellosis 
seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk 
collaring operations in winter 2016, and each elk 
will be tested for Brucellosis exposure.  The 2016 
Brucellosis seroprevalence rate will be the pre-
treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 
introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 

 

Figure15. Total and calf elk winter mortality (%) on NER 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the pretreatment 
baseline which will be compared to the 3 year running 
average post AMP implementation. 
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management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 
CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 

technicians working from September-December 
are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 

 

 
EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 
strategies outlined in this plan will be in place for 
a minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 

an annual adaptive management update/report, 
completed by NER staff by the end of March for 
the previous year.  
 
Investigating the potential effects of climate 
change on elk and bison management will be 
important in the long-term.  During 
implementation of this plan, we will collect a 
variety of data that can be drawn upon for this 
purpose.  

 

PUBLIC OUTREACH AND EDUCATION  
The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMP 
implementation.  The practice of feeding elk 

evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMP in order to gain general 
consent to modify longstanding elk/bison herd 
management methods.   
 
A detail communication plan to guide outreach 
and education efforts can be found in Appendix 3. 
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SCHEDULE 

 

 

Table 7.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 

 

 

Table 6.  Adaptive Management Plan proposed schedule. 
Action Date 

GPS Collar 30-40 elk prior to strategy implementation (Iridium platform) February 2016 

Public outreach and education March 2016 

Initiate private lands conflicts mitigation contacts/actions March 1, 2016 

Implement enhanced forage monitoring  March 1, 2016 

Initiate changes in supplemental feeding protocol January 2017 

Monitoring/Evaluation/Annual Report June 2017 
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BUDGET 

Table 8. [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Seasonal Biological Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 
     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment distribution1      
     Expanded standing forage estimates1      
     Chronic Wasting Disease, 2 seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 
     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; Iridium Platform $115,000 $25,000 $25,000 $25,000 $25,000 
Bison barrier at NER south entrance $80,000 $1,000 $1,000 $1,000 $1,000 
Adaptive Management Plan annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 
Private lands:      
     Easements / Acquisition      
     Damage reimbursements (Wyoming)      
     Conflict mitigation coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 
Vegetation restoration/protection1      
Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 

Subtotal      
Grand Teton National Park:      
Monitoring:      
     Summer elk classification/distribution      
     Hunter harvest      
     Harvest age distribution      
     Transition range forage production/utilization      
Vegetation Restoration/Protection      
     Temporary bison fencing      
     Hayfields restoration      
     Exotic plant mitigation      
     monitoring      
Elk Reduction Program      

Subtotal      
Wyoming Game and Fish Department:2      
Private lands:       
     elk harvest coordination      
     Easements / Acquisition      
     Damage reimbursements      
     Conflict mitigation coordination      

Add additional lines and categories as needed 
Subtotal      

Grand Total      
1 See detail in Appendix      
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APPENDIX 1.  Summary of primary potential impacts associated with reduced supplemental feeding, 
as identified in alternative 4 environmental consequences section of the Final Bison and Elk 
Management Plan/Environmental Impact Statement (USFWS and USNPS 2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing 

supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter 

forage production, assessments of forage utilization (done jointly by WGFD and NER personnel), 
elk condition and movements, and potentially on the January 1 index of winter severity 
calculations for elk (Farnes, Heydon, and Hansen 1999). 

• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition 

(negligible adverse effect on NER elk from lower nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the 

bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would 

increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider 
distribution. 

• Elk use of lands surrounding the NER would increase, including: 
o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNP 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and 
Gros Ventre segments. 

• As ungulate numbers decreased and supplemental feeding was reduced, competition and 
aggressive social interactions on the refuge would also be reduced. 

• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability 
would have a greater influence on numbers, movements, distribution, and mortality. 

• More elk would be subject to natural factors affecting mortality, including loss of body 
condition, predation, and starvation. 

• Increased mortality on and off the refuge would mainly affect older elk and calves, and some 
prime bulls entering the winter energetically stressed due to rut activities. 
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• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 

1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due 
to tuberculosis, septicemic pasturelosis, and CWD. 

• The health and sustainability of the Jackson elk herd would be increased gradually as 
supplemental feeding was reduced and there was greater reliance on standing forage and wider 
ungulate distribution. 

• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and 

potential transmission of brucellosis, as well as potential for spread of diseases not yet in the 
population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, 
to coordinate actions that would prevent conflicts due to elk dispersal and to defray costs of 
managing potential conflicts. Preventing access to food/hay rewards on private lands would be 
vital for effective management. 

• Private land conservation easements within NER boundaries would promote wider distribution.  

  



 

 36  
 

APPENDIX 2.  Monitoring Supplemental Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured at every 5 steps along the random bearing 
determined for each site.  At each subplot a 13.27” diameter metal sampling ring will be placed on the 
ground. The amount of forage available to elk within the sampling ring (dry weight in grams) will be 
visually estimated.  The 13.27” diameter subplot allows easy conversion from grams to lbs. per acre 
(each gram is equivalent to 100 lbs. per acre). During annual forage production sampling, refuge 
biologist Eric Cole has made approximately 1,000 of these visual estimates per year for 17 years, and 
33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will be the 
principal estimator, but additional personnel will be trained in these techniques to provide redundancy 
in the event of personnel changes, and to increase the number of observers to facilitate estimation of 
error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward when 
snow cover is limited, but estimating how much of the forage is accessible to elk when snow is dense, 
deep and crusted can be subjective.  To decrease the subjectivity of the estimation process, if the area 
under the sample ring is covered with snow, only forage that can be exposed with a gloved hand will be 
included in the estimate of available forage.  Forage that is fouled with manure and/or flush with the 
ground due to trampling and/or encrusted in ice will not be included in the estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an equivalent 
lbs./acre value (1 gram=100 lbs./acre).   The arithmetic mean of available forage (lbs./acre) for the 10 
subplots provides an estimate of available forage for each index site.  There are 3 sample site categories: 
1) Historic  Key Index Sites that have been used since 2007, 2) New randomly selected sites within areas 
preferred by elk, and 3) New randomly selected sites in areas not preferred by elk.  Historic key index 
sites were not randomly selected, but were instead selected to represent areas most preferred by elk on 
the south end of NER.  These were the sites used to determine when supplemental feeding would be 
initiated from 2007 until the implementation of the AMP.  To facilitate comparison with pre-AMP data, 
we will continue to use mean lbs. per acre across historic key index sites to determine the 300 lbs. per 
acre threshold.  However, post AMP implementation we will delay feeding initiation by 2 weeks once 
the 300 lbs./acre level has been reached.  We will concurrently sample at randomly selected sites 
stratified on an annual basis between areas highly preferred and not highly preferred by elk.  This will 
enable us to quantify the relationship between mean forage availability at historic key index sites and 
random sites over time. 
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APPENDIX 3.  Communication Plan 
 
Communication Goals 
 
Prior to the Adaptive Management Plan’s Implementation 
 
• Utilize a variety of outreach methods to inform the public on the goals and timing of the Adaptive 

Management Plan’s implementation and possible effects on wintering herds. 
• Utilize a variety of outreach methods to inform the public on public comment opportunities. 
• Identify and coordinate key messages and outreach with USFWS regional and national offices, State and 

federal agency partners, non-profits, elected officials, and other identified audiences. 
 
During the Adaptive Management Plan’s Implementation 
 
• Continue to utilize a variety of outreach methods to describe current management actions as well as 

measurable and noticeable changes on the landscape, in animal behavior, or in animal health. 
• Provide a comprehensive overview of the Adaptive Management Plan by providing links and references 

to previous outreach and background information. 
 
Communication Objectives 
 
• Work with current media contacts to promote news of the Adaptive Management Plan via print, radio, 

Web, and social media platforms. 
• Utilize new media and social media tools to provide information on why the Adaptive Management Plan 

was developed, what public comment opportunities exist, and how the plan is being implemented. 
• Plan, coordinate, and execute public meetings to allow for public comment and questions on the plan. 
• Develop and provide methods for the public to submit written comments on the Adaptive 

Management Plan. 
• Monitor print media on Refuge elk and bison management to see how Adaptive Management Plan 

objectives and reactions are being portrayed to the public. 
 
Current Outreach Resources 
 
• National Elk Refuge web site 
• National Elk Refuge news release list 
• (approximately  300 contacts) 
• National Elk Refuge Twitter site (1,039 followers) 
• Bison and Elk Management Plan web site (http://www.fws.gov/bisonandelkplan/) 
• Space for an 11” x 17” poster in the Visitor Center on Refuge management topics 
• Display panels in the Visitor Center theater for temporary displays 
 
Available Supporting Outreach Resources 
 
• USFWS Mountain–Prairie External Affairs staff 
• USFWS Mountain–Prairie web site, including the 
• “Top Stories” feature 
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• USFWS Mountain–Prairie Twitter site USFWS Mountain-Prairie Region Facebook page 
• USFWS National Wildlife Refuge System 
• Facebook page 
• USFWS Facebook page 
 
Previous Outreach Efforts 
 
• NER routinely writes and disseminates news releases on Refuge management activities, including the 

Comprehensive Conservation Plan, supplemental feeding, herd health monitoring, and forage 
production.  

• Post the above news stories as Content. 
• Management System (CMS) articles. 
• Post CMS news story promos so they prominently appear on the home page, linking readers to the 

articles. 
• Send out Twitter messages linking viewers back to the news stories. 
• Prepare, upload and provide links to Adobe PDF versions of news stories with addtional photos where 

additonal images are available and/or help understand or visualize the content. 
• Utilized the Conservation link on the web Content 
• Management System to post information about 

the Bison and Elk Management Plan and the draft Comprehensive Conservation Plan. 
• Retained and provided a link to the original Bison and Elk Management web page (http://www.fws. 

gov/bisonandelkplan/) that was developed during the planning process. The web site includes links to 
the Final Plan/EIS, Record of Decision, Federal Register Notice of Availability for both the Record of 
Decision and Final Plan/EIS, associated news releases, public meeting highlights, and other related 
documents. Note: the National Elk Refuge does not manage the site. 

 
Additional Outreach Opportunities 

 
• Public meetings in Jackson and other identified locations. 
• Service produced video; video could be posted to the National Elk Refuge’s multimedia web page, or 

USFWS Mountain–Prairie home page “Top Video” feature. 
• Live radio interview on KHOL (Jackson, WY radio) 
• Wyoming Public Radio interview with Refuge management staff 
• Interviews with local print media sources 
• Updates at community leader meetings such as Rotary Club, Jackson Hole Chamber of Commerce board 

meetings, and interagency breakfast meetings (with Federal agencies and local elected officials). 
 
Target Audiences 
 
Internal 
• Regional and National USFWS Leadership 
• Refuge permanent staff 
• Refuge seasonal staff 
• Refuge volunteers 
 
External 
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• Congressional representatives 
• State of Wyoming leadership 
• Federal agency partners, particulary Grand Teton National Park and the Bridger–Teton National Forest 
• Wyoming Game & Fish Department 
• Other NER partners, including county and town agencies and local nonprofit organizations 
• Local elected officials 
• Private landowners in proximity to the National 
• Elk Refuge or neighboring Federal lands 
• Tribes 
• Local and state media 
• Local public 
 
Key Outreach Topics 
 
• Overview of BEMP objectives 
• Strategy to change elk/bison behavior 
• Threat of disease 
• Natural mortality rates 
• Anticipated winter distribution changes for bison/elk 
• Mitigate negative effects on private lands 
• Change elk behavior and distribution while avoiding increased mortality. 
• Explain the historic reasons a supplemental feeding program began and why it was continued.   
• Explain the NER’s limited large ungulate carrying capacity and the disproportionate impact of bison 

on available forage; 3 elk = 1 bison. 
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APPENDIX 4.  Models 

Elk winter distribution model 
 
The proportion of the JEH that winter on the NER will be linked to factors hypothesized to influence elk 
winter distribution (Fig. 2) using a generalized linear mixed effects model (GLMM). A GLMM can account 
for a proportional response variable (i.e., constrained to the interval 0–1) using a log link and binomially-
distributed errors. A GLMM also includes fixed and random effects, with the latter capturing residual 
model variance otherwise not explained by fixed effects. Year will be including as a random effect, 
providing several benefits. First, we don’t assume years are independent and comprise all of the factor 
levels of interest. Instead, the effect of year is treated as a random variable, with individual year effects 
realizations of that distribution. This allows inference to non-sampled factor levels, i.e. years, by 
estimating a latent population-level proportion of elk expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect can be considered a latent variable describing elk 
behavior manifested as observed winter distribution. Second, because year effects are not treated as 
independent, estimated effects of year on the proportion of JEH elk wintering on the NER are 
dependent on all factor levels, leading to greater precision when estimating individual year effects (Kéry 
2010).  
 
The full GLMM incorporating fixed effects for each factor identified as influencing elk winter distribution 
(Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 + 
𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝑆𝑆𝑡𝑡 + 𝜀𝜀𝑡𝑡 

 
where the random intercept and residual model variance are 
 
𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0

2 ), and 
 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
 
Fixed effects include 1) per capita available forage at initiation of winter feeding (AFI) , 2) proportion of 
the JEH that are short-distance migrants (SDM), 3) number of wolf packs present on JEH native winter 
range (WP), 4) growing season (May–August) precipitation for the Wyoming Snake Drainage climate 
division (GSP; a proxy for available forage on native winter range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. (2003) has as an output weekly available forage biomass 
for the NER (sum of predictions for 30 × 30 m cells). These predictions account for snow conditions using 
a proxy of SWE and decrement total available biomass by 35% to account for unpalatable plants within 
the total estimate.  
 
While calf survival is a function of multiple factors (Fig. 3), the primary management action influencing 
calf survival is supplemental winter feeding. Current winter feeding initiation criteria lead to calf survival 
generally higher than in unfed populations. Proposed feeding initiation criteria will result in later 
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initiation of supplemental feed, which will be most influential to calf survival. There is currently little 
understanding regarding the relationship between initiation of winter feeding and calf survival, except 
that current feeding initiation criteria result in high calf survival. We believe a threshold level of 
available forage at initiation of winter feeding exists such that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized to decline quickly with reductions in available forage 
at winter feeding initiation. Available forage at the initiation of winter feeding will be related to on elk 
calf winter survival using a saturating function (i.e., Holling type-II functional response; Fig. 6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf survival is related to available forage. Maximum calf survival 
is a, and b represents the value of available forage to an individual when survival is 50% of a (Hilborn 
and Mangel 1997).  
 
Although this approach doesn’t capture forage deficits per se, it does provide a potentially sensitive 
proxy for this concept. It is assumed that a forage deficit for calves would occur at a point on the curve 
of the relationship between calf survival and available forage at initiation of supplemental feeding. 
Modeling the response of winter calf elk survival to changes in feeding initiation criteria facilitates our 
ability to maximize the influence of feeding initiation criteria on winter distribution while minimizing the 
likelihood of a large mortality event.   
 

 
 Hypothesized relationship between winter survival of elk calves and per capita available forage at initiation of 
winter feeding on the National Elk Refuge.  
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EXECUTIVE SUMMARY [incomplete] 

 

Overview 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands, focused on four broad goals related to: 1) 
habitat conservation; 2) sustainable populations; 
3) numbers of elk and bison; and 4) disease 
management.  The final plan directed the NER 
and GTNP (in conjunction with the Wyoming 
Game and Fish Department; WGFD) to maintain 
the state’s elk herd objective of 11,000, establish 
a bison population objective of 500, restore 
habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program, when necessary in GTNP,  
continue to vaccinate elk for and effective 
vaccine becomes available, and develop a 
dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework referenced in 
the Record of Decision. 

 
Background 
Winter feeding of elk in Jackson was originally 
initiated to reduce winter mortality of elk and 
minimize depredation of ranchers’ hay.   The loss 
of available winter range in Jackson Hole due to 
new ranching operations and a growing town 
resulted in significant numbers of elk dying during 
several severe winters in the late 1800s and early 
1900s. This prompted local citizens and 
organizations, as well as state and federal officials 
in Jackson Hole, to begin feeding elk in the winter 
of 1910–11. Congress heeded the appeals for 
assistance and on August 10, 1912, established 
the National Elk Refuge. Today, the need for the 
refuge’s winter elk feeding program is a direct 

result of reduced access to significant parts of elk 
native winter range, loss of historic migration 
patterns, behavioral conditioning of elk to winter 
feeding, and the desire to maintain a population 
objective established in the context of 
supplemental feeding. 
 
Bison were extirpated outside Yellowstone 
National Park (YNP) by the mid-1880s but in 1948 
were reintroduced to Jackson Hole when 20 bison 
from (YNP) were released near Moran, Wyoming.  
The herd remained small until discovering elk 
feedlines in 1980, when the population began 
sustained population growth.  Bison and elk that 
winter on the NER are migratory and occupy 
summer ranges predominantly to the north. 

 
Objectives 
This adaptive management plan addresses 
several objectives under a broader BEMP goal of 
sustainable populations, which directed the 
agencies to: 1) Develop an adaptive management 
plan for reducing NER supplemental feeding; 2) 
[implement a] phased reduction of animals on 
feed: a) to 5,000 elk and 500 bison, and b) [to a 
point where] elk and bison rely predominantly on 
native habitat; 3) maintain natural elk bull-to-cow 
ratios in park summer herd; and 4) Enhance 
public outreach/education.  The BEMP further 
stated that consideration criteria for 
implementing the 2nd phase of reduced feeding 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on  private 
lands during high risk disease transmission 
periods, 4) maintaining desirable winter 
distribution patterns of elk and bison, 5) the 
prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
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transitioning from winter feeding of elk and 
bison on the NER to greater reliance on free-
standing forage, while maintaining population 
and herd ratio objectives.  
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    

 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies approximately 
8,000 km2 in the upper Snake River watershed 
north of the town of Jackson (Fig. 1).  Much of the 
herd is migratory, moving between distinct 
wintering and summer ranges.  Primary wintering 
areas include the Buffalo Valley, lower elevations 
of the Gros Ventre River drainage, the National 
Elk Refuge (NER), and areas adjacent to the NER 
on Bridger-Teton National Forest (BTNF) lands.  
Summering areas occur throughout the herd’s 
range and for convenience are divided into four 
geographic regions that include Grand Teton 
National Park (GTNP), Yellowstone National Park 
(YNP), the Gros Ventre drainage, and Teton 
Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 

“tusk hunters” and large-scale commercial 
hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
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and federal officials in Jackson Hole, to begin 
feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 

reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 

Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 

divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
 
An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 
Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 
tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 

Preserve, Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 
to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and a variety of feeding 
strategies are employed to help reduce  
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 

Planning History 
 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
3).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt administered by WGFD.  This plan was 

halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig 3).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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bison and elk management focused on four broad 
goals related to: 1) habitat conservation; 2) 
sustainable populations; 3) numbers of elk and 
bison; and 4) disease management.  The primary 
management scenarios presented in the 
alternatives included the status quo, terminating 
elk and bison hunting on the NER and the elk 
reduction program in GTNP, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework listed on 
page 5 of the Record of Decision (Fig. 4).  It does 
not address other on-going bison and elk 
management actions already prescribed by the 
BEMP. 
 
The BEMP scheduled the completion of an 
Adaptive Management Plan for 2008.  However, 
litigation challenging the BEMP in 2008 led to the 
decision to postpone its development until 
litigation was resolved.  As of March 2015, two 
court rulings have upheld the 2007 BEMP and 
ROD. In a lawsuit against the  BEMP and its 
author agencies (Defenders of Wildlife et al. v. 
the U.S. Department of Interior and State of 

Wyoming 2010), plaintiffs argued that the BEMP 
violated the National Wildlife Refuge System 
Improvement Act (National Wildlife Refuge 
System Improvement Act 1997) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 
agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling 
(Defenders of Wildlife et al. v. the U.S. 
Department of Interior and State of Wyoming 
2011).   
 

National Environmental Protection Act 
Compliance 
 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   
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Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 
objectives, 2 knowledge (including descriptive 
models) of the dynamics of the system being 
managed, 3) clearly articulated management 
actions and strategies, and 4) a monitoring 

program to evaluate responses of the system to 
management actions (Walters 1986).  
 
 This step-down plan utilizes adaptive 
management planning principles but is not 
intended to meet all of the adaptive 
management planning elements outlined in the 
Department of Interior Adaptive Management 
Technical Guide (2007).  This Step-Down Plan is 
more accurately described as a “structured 
framework of adaptive management actions that 
progressively transitions from supplemental 
winter feeding to greater reliance on free-
standing forage (BEMP ROD p.5).     
 
 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 

relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 
goals, 20 associated objectives were addressed 
(Table 1).  This adaptive management plan 
addresses four objectives under the goal of 
sustainable populations (Fig. 5). 
 
In Phase 1 of the second objective, the aim is to 
reduce the average number of elk on feed to 
5,000 (while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP-adopted objective of 500. In 
Phase 2, the overall objective is to reduce the 
reliance of bison and elk on supplemental feed 
(USFWS and USNPS 2007a).  Desired conditions 
include animals relying predominantly on native 
habitat and cultivated forage. Important 
consideration criteria for implementing Phase 2 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
private lands during high risk disease 
transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 
 

This Plan focuses on management actions to 
initially achieve Phase 1 objectives. However, if 

Table 1.  2007 Bison/Elk Management Plan 
Goals and Objectives (Adaptive Management 
Plan objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

 Conserve important private lands. 

 Increase forage production. 

 Minimize non-native plants. 

 Protect sagebrush grasslands. 

 Restore willow, aspen, and 
cottonwood. 

 Perpetuate natural mosaic of plant 
communities. 

Goal: Sustainable Populations 
   Objectives: 

 Develop adaptive management plan for 
reducing NER supplemental feeding. 

 Phase reduction of animals on feed: 1) 
to 5,000 elk and 500 bison, and 2) elk 
and bison rely predominantly on native 
habitat. 

 Maintain natural bull-to-cow ratios in 
park summer herd. 

 Ensure a genetically viable bison herd 
with close to an even sex ratio. 

 Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

 Maintain state elk herd objective of 
11,000. 

 Maintain a genetically viable bison 
population of about 500 animals. 

Goal: Disease Management 
   Objectives: 

 Manage brucellosis transmission risk 
from elk and bison to livestock. 

 Manage feeding to reduce brucellosis 
transmission among bison and elk. 

 Educate hunters about wildlife disease 
human health hazards. 
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successful, these actions will continue to be used 
to achieve the Phase 2 objective of reducing 

reliance on supplemental feeding while 
considering the six criteria listed above.      

 

MANAGEMENT ACTIONS AND STRATEGIES 
 

Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 

and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The 
management stepdown approach will necessarily 
be one of investigation, constant evaluation, 
modifications to approach when indicated, and 
repeated trials (Fig 4).  As such the approach will 
also be experimental,  guided by rigorous analysis 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 

 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 

Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,200 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 
to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000, but because the proportion of the 
Jackson Elk Herd that winters on NER has 
increased dramatically (Fig. 6), this will make 
achieving the Phase I objective of 5,000 elk on 

feed and any future elk population reductions 
more difficult.   Preliminary modeling suggests 
that the increasing proportion of the Jackson Elk 
Herd wintering on NER has been associated with 
1) changes in elk winter distribution associated 
with wolves and 2)high numbers of elk that 
summer immediately adjacent to NER (Cole and 
Foley et al. 2015).   
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013. In recent years irrigation of approximately 
3,600 acres has increased refuge-wide forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone, and by 15% in the southern 
portion of NER which receives the greatest use by 
elk and bison. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes will have implications for elk 
and bison management. 
 

Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.  
 

 Chronic Wasting Disease 
Supplemental feeding has occurred in all but 9 
winters on NER since 1912, and although this 
strategy minimizes winter elk mortality from 
starvation and contributes to Wyoming state elk 
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herd objectives, elk occur at numbers and 
densities well in excess of carrying capacity 
(Smith et al. 2004, Lubow and Smith 2004).  
Considerable evidence suggests that Chronic 
Wasting Disease (CWD) transmission and 
prevalence are density dependent (Peters et al. 
2000, Williams et al. 2002).  Monello et al. (2014) 
found that elk densities of 15-110 per square km 
in Rocky Mountain National Park were associated 
with 13% CWD prevalence, and they predicted 
elk population declines when CWD prevalence 
exceeded 13%. NER elk densities commonly 
exceed 160 per square km (NER unpublished 
data), which suggests that the introduction of 
CWD to NER elk would have significant negative 
population effects over time. 
 

Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs/ac. Historic radio 
telemetry data and observations of elk 
movements indicate that when available forage 
delclines below 300 lbs/ac., some elk leave NER 
for surrounding private lands. Therefore, the 
purpose of this feeding trigger is to keep elk on 
the NER and prevent them from searching off-
refuge for forage which increases the potential of 
comingling.  This trigger is not a warning that a 
significant nutritional deficit threshold has been 
reached.  Available winter forage for elk and 
bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2015, relative to the current objective. 

  OBJECTIVE 2011 2012 2013 2014 2015 mean 

NER 5,000 7,746 7,360 6,285 8,296 8,390 7,615 

Gros Ventre 3,500 2,775 3,265 2,982 2,326 1,162 2,502 

Native Range1 2,500 982 894 1,784 801 913 1,075 

Total 11,000 11,503 11,519 11,051 11,423 10,465 11,192 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 

 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56, range 329-457) hunters harvested 161 

(SD = 38, range 126-225) elk per year during the 
NER hunt.  

The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 8).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5, 
range 139-301) bison per year.  This level of 
harvest has been sufficient to arrest the 
exponential growth of the population, reducing 
bison numbers from the peak in 2007 to about 
700 animals in winter 2015 (Fig 3). Tribal bison 
harvest of up to 5 animals for ceremonial 
purposes was authorized in the BEMP.  
Translocation of wild bison to lands outside of 
Teton County is not currently permitted due to 
brucellosis concerns.  
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Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions.  

 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER year around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 

and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease several days to weeks before the 
bison hunting season in an effort to increase 
hunter harvest.  
 

Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 
implementation, followed by what remains to be 
accomplished] 
 

Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 

Methods, Assumptions, and Constraints 
Common to All Strategies 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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  Figure 8.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
occurs one day in early February and includes 
ground counts of animals on feed at the NER and 
aerial counts of outlying bison across their winter 
ranges on the refuge, park, and Bridger-Teton 
National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 

that winter would equal 5,000 elk X 100 days = 
50,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 25,000. 
 
We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 
bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Implementation of the AMP will have successfully 
attained the objective of “transitioning from 
intensive supplemental winter feeding to greater 
reliance on free-standing forage” when 
supplemental feeding was not used for more 
than 50% of the years in a 5 year period. 
 
Initial success of AMP implementation will be a 
consistent decline in the 3-year running average 
of elk and bison fed days from the established 
baseline. While the BEMP did provide specific 
measurement criteria for the definition of 
“transitioning from intensive supplemental 
winter feeding to greater reliance on free-
standing forage” we will consider this objective 
met when the 3-year running average of elk and 
bison fed days is <50% of baseline for 5 years in a 
row.   

Comment [S3]: SK’s draft. 

Comment [S4]: SC’s alterative in this paragraph, 
recognizing that the 50% number is the crux and a 
glaring target. 
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Several management constraints are common to 
the strategies discussed below (Table 3).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements 
in GTNP.  Similarly, compliance with the 
Wyoming greater sage-grouse core area 
protection executive order (2011-5) could restrict 
habitat manipulations.  NEPA compliance 
conducted as part of the BEMP/EIS constrains 
what federal actions can be taken as a part of this 
plan.  State regulations constrain late (winter) 
hunt and carcass disposal timing to protect 
against brucellosis contamination, since 
February-April represent the period bison and elk 
are most likely to transmit the disease.  
Restrictions on hunting timing also result from 
BTNF winter range closures, immediately east of 
the NER and elsewhere, December 1 to April 30.  
Additional details about these and other 
constraints will be included in discussions about 
specific strategies that follow. 
 

Strategies 
 
This section will describe the management action 
this AMP proposes to implement.  As such, it 
unveils the heart of management changes 
necessary to begin the process of transitioning to 
more reliance of bison and elk on native forage 
during winter.  Fundamentally, the strategies 
discussed in this plan represent an experiment 
designed to achieve Phase I objectives of 5,000 
elk and 500 bison on NER and are a first step 
towards reducing reliance on supplemental 
feeding while meeting the sustainable population 
goals identified in the AMP. 
 
Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies to 
achieve phase I objectives are modifications to 
winter feeding and hunting seasons.  To a lesser 

Table 3. Summary of potential Adaptive 
Management Plan constraints.  

Policy 

 ESA1 Lynx – limits on habitat impacts 

 Greater Sage Grouse – core area protection 

 2007 BEMP/EIS (federal actions/lands) 
o No fertility control 
o No test and slaughter 
o Limited tribal harvest 

 Bison/elk hunt end date (Feb. 1st)  
o WGFD, brucelosis safety 

 Carcass disposal (Feb. 15th) 
o WGFD, brucellosis safety 

 Forest Service winter closure  
(Dec. 1st – April 30th) 

 Easement limitation (NER boundary) 
Winter Feeding 

 Only during non-hunting periods 
Harvest 

 State regulations 
Vegetation Restoration/Protection 

 Bison/elk distribution 

 Exotic plant species management 
Private Lands  

 Owner agreements 
Social 

 Hunter density (safety; hunt quality) 

 Elk/bison winter mortality levels 

 Public safety (ungulate/vehicle collisions) 

 Disease  

 Land-use conflicts (agricultural and  
residential) 

Biological 

 Disease (bison/elk/cattle commingling) 

 Sage grouse habitat conflicts 

 Fencing/wildlife conflicts 

 Elk herd distribution 
o summer segment distribution goals 

Funding 

 Easement purchase 

 Plan implementation 
1
Endangered Species Act 
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extent, vegetation protection and restoration can 
be important, particularly for improving long-
term ecological balance and enhancing natural 
production of native forage.  Private lands are 
also an integral component as changes in elk and 
bison distribution occur and new challenges 
develop.  The likely consequences of 
implementing these strategies were evaluated in 
the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 

Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously and 
systematically. The strategies discussed below 
have been developed in this context, with 
appropriate feedback mechanisms through 
rigorous monitoring and frequent evaluation.  
Inability to meet this objective under the 
strategies presented here would trigger a 
thorough evaluation and development of more 
aggressive strategies. 
 

Chronic Wasting Disease 
In 2014 WGFD began the revision process for the 
Wyoming CWD Management Plan (2006). WGFD 
has cooperated with federal agencies and other 
stakeholders to revise the plan, and NER and 
USFWS Region 6 Wildlife Health Office staff 
participated in several meetings associated with 
this effort.  One goal of the CWD Management 
Plan update is to develop specific management 
responses should CWD be detected on or 
adjacent to State or NER elk feedgrounds.  Early 
detection of CWD in the JEH is essential to ensure 
an effective management response. 
 

Since 1997 NER has cooperated with Wyoming 
Game and Fish Department (WGFD) to conduct 
surveillance for CWD in the JEH unit. Although 
this effort indicates that CWD is not currently 
found in the JEH, continued surveillance at 
sample sizes sufficient to detect 1% prevalence 
with 95% confidence annually will be critical to 
ensure a timely management response and limit 
the long-term population effects of the disease 
(USFWS and NPS 2007).  Given that CWD has 
been detected within 40 miles of the JEH in 
moose, within 70 miles in deer, and within 175 
miles in elk, this level of surveillance is 
warranted.   

 
Winter Feeding 
Winter feeding actions that could be modified 
include starting date, ending date, and daily 
ration.  To modify elk and bison behavior in the 
long run, delaying initiation of feeding is likely to 
have the greatest impact by gradually 
conditioning them to expect feed later on 
average, with the desired outcome of building a 
cohort of animals that rely primarily on native 
winter range and are not food conditioned. To 
reduce supplemental feeding overall, ending 
feeding early would also help decrease the 
amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   

 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 4, Fig. 9).   Time of season could 
influence this interval, most likely shortening it as 
the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from December 30 to February 28.  Delaying 
feeding by two weeks in January, for example, is 
likely to be more successful than doing so in 
February, when food stress and tendency for 
animals to move to private lands is greater.  
Forage availability could also have an influence, 
particularly if a freeze thaw event resulted in an 
acute and large reduction in available forage.  
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Both time of season and forage availability 
considerations would be affected by the numbers 
of elk and bison on the NER.  And finally, the 
distribution of animals, particularly on private, 
livestock producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer because of being displaced by 
more dominant animals.  Monitoring programs 
will include measures of calf mortality and it will 
be an influencing parameter in feedback 
mechanisms.  The BEMP anticipated that elk 
mortality could increase from 1-2% overall to 1-
5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32% based on an average 
feeding season length of 9.3 weeks from 1995-
2015. 
 
The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites and on-going measurements at those sites 
throughout the winter. 
 

Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 

hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 4).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 
Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNP summer segment (since most 
park bulls migrate to the NER) would help inform 
levels of take proposed.  Bow hunting in areas 
currently closed to firearms will likely increase 
harvest by eliminating “no-hunt” areas which can 
become sanctuaries for large numbers of elk. 
Shifting the hunt one week later is consistent 
with later migrations and will improve harvest 
effectiveness. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has lead to significant increases of winter 
elk concentrations on the NER.    
 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
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Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 4).  Consideration would be given to later 
hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, State 
quotas will likely be reduced and management 
flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Serious consideration should be given to reducing 
the bison herd population objective in the future.  
This would lower winter forage consumption on 
the NER and help reduce elk and bison winter 
concentrations.    
 

The current bison herd objective is “. . . maintain 
and ensure a genetically viable population of 
approximately 500 animals (five-year average), 
with as close to an even sex ratio as possible to 
maximize maintenance of genetic variation over 
time. . .” (BEMP p. 136).    
 
The Jackson bison herd is not considered part of 
the U.S. Fish and Wildlife Service’s meta-
population approach to bison conservation 
because of its high prevalence of brucellosis.  This 
disease prevents the export of Jackson bison to 
other DOI conservation herds. 
 
The 500 bison population objective was set 
primarily to preserve existing genetic diversity 
assuming extremely limited natural genetic 
transfer with the Yellowstone or other DOI bison 
conservation herds.  Genetic diversity can be 
maintained for a Jackson bison herd less than 500 
if bison with desirable genetic diversity are 
periodically imported from other DOI bison 
conservation herds.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 
spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Figs. 9 and 10). 
 

Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   

 

 

Figure ?. The annual fall/winter arrival of elk to 
the NER during the past several decades has 
been occurring progressively later.  This trend 
may necessitate extending the elk hunting 
season later into the year to achieve harvest 
objectives. 
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Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 
Several strategies would be employed to mitigate 
potential problems (Table 4), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 
purchase private lands easements to prevent co-
mingling. A vital component in implementing 
these mitigation measures is to establish three 
seasonal Wildlife Conflict Technician positions 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the AMP 
(see Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMP mitigation efforts.  
 
Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    

 

Vegetation Restoration/Protection 
 
[NER and GTNP staff to draft material] 

 
Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  

 
Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 
 
A private lands Hunting Coordinator Position 
would be established and supervised by the 
WGFD to promote and coordinate hunting 
activity focused on Southern Herd Segment 
harvest in and around private lands in the Spring 
Gulch Area north to Moose, WY (Hunt Area 78).    
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Table 4 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 

   Ration 8 lbs/day/elk 
20 lbs/day/bison 

8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    

     Available standing forage 300 lbs/acre, as 
measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    

      Available forage Based on a snow cover 
index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     

  Animals on feed Mid-winter census Elk/bison fed days
1 

 

  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold  <= 10%  

  Elk/bison distribution - visual    

  Elk/bison distribution –  
  collars 

   

  Winter mortality    

  Elk summer range 
  proportions 

   

    

Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  

   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 

   Structure  - 1 week initial drawing 
- 1 week left over 1st 
served 
- partial week alternate 

- 1 week initial drawing 
- 1 week left over 1st 
served 
- partial week alternate 
- daily 1st served 
alternates 

 

1
Number elk and bison on feed per day, totaled by feeding season. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1
st

 week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  

Begin date August 15th August 15th Modified as necessary 

End date 2
nd

 or 3
rd

 week January  Consider later dates as 
appropriate  

Modified as necessary 

structure As per WGFD  As per WGFD  

Refuge permit types Any bison or cow/calf 
per state license 

Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    

   Frequency As needed As needed  

   Begin Date 3
rd

 week October 3
rd

 week October Modified as necessary 

   End Date 2nd week December 2nd week December Modified as necessary 

   License types Antlerless only Antlerless only
1 

 

   Special regulations: Cartridge limits Cartridge limits  

       Bear spray required Bear spray required  

 Hunter safety card 
required 

Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    

   End Date  December 15 Would require change 
in winter closure dates 

1
Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 



 

 20  
 

  

Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Harvest, Elk Hunt Area 78    

   Structure   Changes at discretion 
of WGFD    License types   

    

Private Lands Mitigation:    

   Cattle commingling  Incentives for non-
breeding operation 

 

   Hay depredation  Increased fencing  

   Landscape damage    

   Easement acquisition    

    

Vegetation Restoration/ 
Protection: Elk Refuge 

   

    

Vegetation Restoration/ 
Protection: Grand Teton 
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Figure 9.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure  10. [example] Framework for harvest strategy and adaptive management. 
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Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMP (Table 5).  Since they were not part of the 
ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management plan, and thus they are 
not being considered at this time.   

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation and cessation of winter feeding). Fig. 11 
describes possible factors that affect winter elk 
distribution (the proportion of elk on NER 
feedgrounds versus native winter range). Models 
will be used to identify the relative influence of 
our principal management strategy (a reduction 

in feed season length) and other factors on 
winter elk distribution (Appendix 3).  Over time 
this will allow us to assess whether changes in elk 
distribution were the result of our management 
actions or due to factors outside of our control.  
 
An increase in calf elk winter mortality is a 
potential result of reduced feed season length.  
Fig. 12 portrays factors that influence winter calf 
elk survival on NER.  
 

Table 5.  Strategies considered but rejected. 

Strategy Considered Reason Rejected 

Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due 
to major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest 
herd segment in Hunt Area 78 on private lands, where 
federal agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for 
AMP because current hunting programs appear effective 
at slowly moving the herd toward the 500 animal herd 
objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands 
because current hunting programs that utilize sport 
hunters are effective at meeting herd objectives. 

Altering rations of supplemental feed Rejected as a strategy because reducing daily feed ration 
below 8 lbs/elk would be enough feed to encourage elk to 
remain on NER but would result in unacceptably high elk 
calf mortality rates. 

  

  
1 Page 77 at 
http://www.fws.gov/bisonandelkplan/Final%20EIS/Volume%201/4_Chapter_2_Alternatives.pdf 
2 USFWS and NPS 2007? 
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Models will be used to assess the effects of 
available forage on winter calf elk survival 
(Appendix 4).  Over time this will allow us to 
assess the effects of our principal management 
strategy (reducing feed season length) relative to 

other factors on elk calf survival and potentially 
adjust our management actions based on model 
results. 
  

 

  

 

Figure 11.  Influence diagram depicting factors (including management actions) influencing outcomes 

identified in the Bison and Elk Management Plan (BEMP; USFWS 2007a). Gray hexagons represent outcomes, 

rectangles represent management actions, rounded rectangles represent factors with numerical objectives, 

and ovals represent factors outside of management control. Bolded polygons and arrows represent outcomes 

and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed rectangle) 

is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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MONITORING  

 

Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers; and 3) extending the monitoring 
period later in the winter to assess the 
relationship between available forage and elk and 
bison distribution. 
 
To better represent the total amount of forage 
available on the southern half of NER, a 

subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional random sample sites 
stratified by elk habitat preference will be added.   
Historic elk distribution mapping and elk GPS 
collar data (NER unpublished data) suggest that 
the areas most preferred by elk on southern NER 
are associated with moderate to high forage 
production and green vegetation.  Because the 
distribution of forage production and greenness 
characteristics vary annually based on irrigation 
and precipitation patterns, we will annually map 
areas preferred and not preferred by elk and 
sample sites will be randomly selected within 
each of these mapped categories.   At least 3 
historic key index sites, 3 random sites in areas 
preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 

 

Figure 12. Influence diagram depicting factors (including management actions) influencing bison and elk fed 

days on the National Elk Refuge (see text for description) and winter calf elk survival. Gray hexagons represent 

outcomes, rectangles represent management actions, rounded rectangles represent factors with numerical 

objectives, and ovals represent factors outside of management control. Bolded polygons and arrows represent 

outcomes and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed 

rectangle) is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average 
forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the 
monitoring period will be extended to include the 
intervening 2 weeks.   

 
Proportion of Elk Wintering on NER 
 
A principal AMP goal is to reduce the number of 
elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 
each year, we will calculate the proportion of 
total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 

running average post AMP implementation to the 
pre-implementation baseline.  The pretreatment 
baseline will be comprised of data from 2008-
2016, a time period that represents BEMP 
implementation prior to AMP actions (Figure 13).   

 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMP implicitly assume that the 
transmission rate and prevalence of elk and bison 
diseases are density dependent and positively 
correlated with the number of elk and bison 
utilizing feedgrounds and the number of days 
they are fed.  We further assume the variables 
elk-fed-eays (EFD) and bison-fed-days (BFD) are a 
proxy for these conditions. EFD and BFD will be 
calculated annually for each species based on the 
following formulas:  
 
 
 

 

Figure13. Proportion of the Jackson Elk Herd that was 

classified on NER feedgrounds in the period following 

implementation of the Bison and Elk Management Plan 

and prior to the implementation of the Adaptive 

Management Plan (2008-2015).  These values 

represent the pretreatment baseline which will be 

compared to the 3 year running average post AMP 

implementation. 
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EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 
 
BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 

comparing the 3-year running average post AMP 
implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account for wide annual variation in EFD and BFD 
associated with winter severity (Fig. 14) 

 
Elk Winter Mortality Monitoring 
 
NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMP implementation, 
which will allow trend comparisons to the pre 
AMP baseline (Figure 15).  Under the AMP 
framework, we believe the 3 year running 
averages for total and calf winter elk mortality 
will be within the range of variation exhibited by 
the pre AMP baseline.  Historic monitoring 
suggests that calf and total mortality are sensitive 
to winter severity and disease outbreaks, and 
that winter mortality occasionally exceeds >3% 
total mortality and >10% calf mortality.  Post 
AMP mortality in excess of these levels may 
warrant shortening the 2-week feeding initiation 
delay in subsequent years. 
 

Elk Collaring 

 
One of the AMP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas.  To quantify this effect and provide real 
time information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 
sample of 50 GPS collars on elk that winter on 
NER throughout the AMP implementation period.  

 

 
 
Figure14. Elk Fed Days (EFD) and Bison Fed Days 
(BFD) in the period following implementation of the 
Bison and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 
3 year running average EFD and BFD post AMP 
implementation. 

0

200000

400000

600000

800000

Elk Fed Days

0

50000

100000

Bison Fed Days



 

 27  
 

Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This 
sample size will not be sufficient to detect all elk 
movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk 
movements from NER to surrounding private 
lands will increase during the AMP 
implementation period compared to the pre-
treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 
is the season when changes to the NER feeding 

program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 
Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 
need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis 
process includes brucellosis seroprevalence, 
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 

Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post AMP 
implementation.  There are no recent brucellosis 
seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk 
collaring operations in winter 2016, and each elk 
will be tested for Brucellosis exposure.  The 2016 
Brucellosis seroprevalence rate will be the pre-
treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 
introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 

 

Figure15. Total and calf elk winter mortality (%) on NER 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the pretreatment 
baseline which will be compared to the 3 year running 
average post AMP implementation. 
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management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 
CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 

technicians working from September-December 
are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 

 

 

EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 
strategies outlined in this plan will be in place for 
a minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 

an annual adaptive management update/report, 
completed by NER staff by the end of March for 
the previous year.  
 
Investigating the potential effects of climate 
change on elk and bison management will be 
important in the long-term.  During 
implementation of this plan, we will collect a 
variety of data that can be drawn upon for this 
purpose.  

 

PUBLIC OUTREACH AND EDUCATION  

The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMP 
implementation.  The practice of feeding elk 

evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMP in order to gain general 
consent to modify longstanding elk/bison herd 
management methods.   
 
A detail communication plan to guide outreach 
and education efforts can be found in Appendix 3. 
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SCHEDULE 

 

 

Table 7.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 

 

 

Table 6.  Adaptive Management Plan proposed schedule. 

Action Date 

GPS Collar 30-40 elk prior to strategy implementation (Iridium platform) February 2016 

Public outreach and education March 2016 

Initiate private lands conflicts mitigation contacts/actions March 1, 2016 

Implement enhanced forage monitoring  March 1, 2016 

Initiate changes in supplemental feeding protocol January 2017 

Monitoring/Evaluation/Annual Report June 2017 
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BUDGET 

Table 8. [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      

Monitoring:      

     Seasonal Biological Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 

     Bison/elk fed days      

     Mid-winter census      

     Elk summer herd segment distribution1      

     Expanded standing forage estimates1      

     Chronic Wasting Disease, 2 seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 
     Winter bison/elk distribution      

Irrigation      

50 Elk radio telemetry collars; Iridium Platform $115,000 $25,000 $25,000 $25,000 $25,000 

Bison barrier at NER south entrance $80,000 $1,000 $1,000 $1,000 $1,000 

Adaptive Management Plan annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 

Private lands:      

     Easements / Acquisition      

     Damage reimbursements (Wyoming)      

     Conflict mitigation coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 

Vegetation restoration/protection1      
Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 

Subtotal      

Grand Teton National Park:      

Monitoring:      

     Summer elk classification/distribution      

     Hunter harvest      

     Harvest age distribution      

     Transition range forage production/utilization      

Vegetation Restoration/Protection      

     Temporary bison fencing      

     Hayfields restoration      

     Exotic plant mitigation      

     monitoring      

Elk Reduction Program      

Subtotal      

Wyoming Game and Fish Department:2      

Private lands:       

     elk harvest coordination      

     Easements / Acquisition      
     Damage reimbursements      

     Conflict mitigation coordination      

Add additional lines and categories as needed 

Subtotal      

Grand Total      
1
 See detail in Appendix      

2  
Through Interagency Agreement      

__ 
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APPENDIX 1.  Summary of primary potential impacts associated with reduced supplemental feeding, 
as identified in alternative 4 environmental consequences section of the Final Bison and Elk 
Management Plan/Environmental Impact Statement (USFWS and USNPS 2007). 

Populations 

 Jackson elk herd objective of 11,000 would be maintained. 

 New Jackson bison herd objective of 500 established. 

Winter Feeding 

 Supplemental feeding could be delayed or could occur earlier compared to current practices. 

 Changes [to feeding program could] include alterations in the timing of feeding and providing 
supplemental feed in fewer years. 

 Ration or pellet composition might need to be changed. 

 Supplemental feeding would be initiated according to established criteria, including pre-winter 
forage production, assessments of forage utilization (done jointly by WGFD and NER personnel), 
elk condition and movements, and potentially on the January 1 index of winter severity 
calculations for elk (Farnes, Heydon, and Hansen 1999). 

 Mechanical means could be used to increase forage access for elk after snow crusting events. 

 Changes in the refuge supplemental feeding program could begin to affect elk nutrition 
(negligible adverse effect on NER elk from lower nutrition). 

 Displacement of elk by bison during competition for standing forage would decrease as the 
bison herd is reduced.  

 Aggressive social interactions involving competition for food among elk and bison would 
increase overall as feeding periods are reduced. 

Winter Distribution 

 Elk densities on the NER would decline due to more reliance on standing forage and wider 
distribution. 

 Elk use of lands surrounding the NER would increase, including: 
o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNP 
o State feedgrounds south of the NER 

 Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and 
Gros Ventre segments. 

 As ungulate numbers decreased and supplemental feeding was reduced, competition and 
aggressive social interactions on the refuge would also be reduced. 

 Elk and bison distribution would increase as the animals relied more on native winter range. 

 Fewer animals would be present on the refuge. 

Mortality 

 As supplemental feeding is reduced, natural factors such as climate and native forage availability 
would have a greater influence on numbers, movements, distribution, and mortality. 

 More elk would be subject to natural factors affecting mortality, including loss of body 
condition, predation, and starvation. 

 Increased mortality on and off the refuge would mainly affect older elk and calves, and some 
prime bulls entering the winter energetically stressed due to rut activities. 
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 Late winter calf ratios could decrease as a result of higher winter calf mortality 

 Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 
1%–5%. 

 Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

 Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due 
to tuberculosis, septicemic pasturelosis, and CWD. 

 The health and sustainability of the Jackson elk herd would be increased gradually as 
supplemental feeding was reduced and there was greater reliance on standing forage and wider 
ungulate distribution. 

 Health and sustainability of the Jackson elk herd would be enhanced in the long term. 

 Wider distribution of elk would result in moderate reductions in both the prevalence and 
potential transmission of brucellosis, as well as potential for spread of diseases not yet in the 
population. 

Private Lands 

 The agencies would work closely with the WGFD and landowners, including livestock producers, 
to coordinate actions that would prevent conflicts due to elk dispersal and to defray costs of 
managing potential conflicts. Preventing access to food/hay rewards on private lands would be 
vital for effective management. 

 Private land conservation easements within NER boundaries would promote wider distribution.  
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APPENDIX 2.  Monitoring Supplemental Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured at every 5 steps along the random bearing 

determined for each site.  At each subplot a 13.27” diameter metal sampling ring will be placed on the 

ground. The amount of forage available to elk within the sampling ring (dry weight in grams) will be 

visually estimated.  The 13.27” diameter subplot allows easy conversion from grams to lbs. per acre 

(each gram is equivalent to 100 lbs. per acre). During annual forage production sampling, refuge 

biologist Eric Cole has made approximately 1,000 of these visual estimates per year for 17 years, and 

33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will be the 

principal estimator, but additional personnel will be trained in these techniques to provide redundancy 

in the event of personnel changes, and to increase the number of observers to facilitate estimation of 

error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward when 

snow cover is limited, but estimating how much of the forage is accessible to elk when snow is dense, 

deep and crusted can be subjective.  To decrease the subjectivity of the estimation process, if the area 

under the sample ring is covered with snow, only forage that can be exposed with a gloved hand will be 

included in the estimate of available forage.  Forage that is fouled with manure and/or flush with the 

ground due to trampling and/or encrusted in ice will not be included in the estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an equivalent 

lbs./acre value (1 gram=100 lbs./acre).   The arithmetic mean of available forage (lbs./acre) for the 10 

subplots provides an estimate of available forage for each index site.  There are 3 sample site categories: 

1) Historic  Key Index Sites that have been used since 2007, 2) New randomly selected sites within areas 

preferred by elk, and 3) New randomly selected sites in areas not preferred by elk.  Historic key index 

sites were not randomly selected, but were instead selected to represent areas most preferred by elk on 

the south end of NER.  These were the sites used to determine when supplemental feeding would be 

initiated from 2007 until the implementation of the AMP.  To facilitate comparison with pre-AMP data, 

we will continue to use mean lbs. per acre across historic key index sites to determine the 300 lbs. per 

acre threshold.  However, post AMP implementation we will delay feeding initiation by 2 weeks once 

the 300 lbs./acre level has been reached.  We will concurrently sample at randomly selected sites 

stratified on an annual basis between areas highly preferred and not highly preferred by elk.  This will 

enable us to quantify the relationship between mean forage availability at historic key index sites and 

random sites over time. 
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APPENDIX 3.  Communication Plan 
 
Communication Goals 
 

Prior to the Adaptive Management Plan’s Implementation 
 

 Utilize a variety of outreach methods to inform the public on the goals and timing of the Adaptive 
Management Plan’s implementation and possible effects on wintering herds. 

 Utilize a variety of outreach methods to inform the public on public comment opportunities. 

 Identify and coordinate key messages and outreach with USFWS regional and national offices, State and 
federal agency partners, non-profits, elected officials, and other identified audiences. 

 

During the Adaptive Management Plan’s Implementation 
 

 Continue to utilize a variety of outreach methods to describe current management actions as well as 
measurable and noticeable changes on the landscape, in animal behavior, or in animal health. 

 Provide a comprehensive overview of the Adaptive Management Plan by providing links and references 
to previous outreach and background information. 

 

Communication Objectives 
 

 Work with current media contacts to promote news of the Adaptive Management Plan via print, radio, 
Web, and social media platforms. 

 Utilize new media and social media tools to provide information on why the Adaptive Management Plan 
was developed, what public comment opportunities exist, and how the plan is being implemented. 

 Plan, coordinate, and execute public meetings to allow for public comment and questions on the plan. 

 Develop and provide methods for the public to submit written comments on the Adaptive 
Management Plan. 

 Monitor print media on Refuge elk and bison management to see how Adaptive Management Plan 
objectives and reactions are being portrayed to the public. 

 

Current Outreach Resources 
 

 National Elk Refuge web site 

 National Elk Refuge news release list 

 (approximately  300 contacts) 

 National Elk Refuge Twitter site (1,039 followers) 

 Bison and Elk Management Plan web site (http://www.fws.gov/bisonandelkplan/) 

 Space for an 11” x 17” poster in the Visitor Center on Refuge management topics 

 Display panels in the Visitor Center theater for temporary displays 
 

Available Supporting Outreach Resources 
 
 USFWS Mountain–Prairie External Affairs staff 

 USFWS Mountain–Prairie web site, including the 

 “Top Stories” feature 
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 USFWS Mountain–Prairie Twitter site USFWS Mountain-Prairie Region Facebook page 

 USFWS National Wildlife Refuge System 

 Facebook page 

 USFWS Facebook page 
 

Previous Outreach Efforts 
 

 NER routinely writes and disseminates news releases on Refuge management activities, including the 
Comprehensive Conservation Plan, supplemental feeding, herd health monitoring, and forage 
production.  

 Post the above news stories as Content. 

 Management System (CMS) articles. 

 Post CMS news story promos so they prominently appear on the home page, linking readers to the 
articles. 

 Send out Twitter messages linking viewers back to the news stories. 

 Prepare, upload and provide links to Adobe PDF versions of news stories with addtional photos where 
additonal images are available and/or help understand or visualize the content. 

 Utilized the Conservation link on the web Content 

 Management System to post information about 
the Bison and Elk Management Plan and the draft Comprehensive Conservation Plan. 

 Retained and provided a link to the original Bison and Elk Management web page (http://www.fws. 
gov/bisonandelkplan/) that was developed during the planning process. The web site includes links to 
the Final Plan/EIS, Record of Decision, Federal Register Notice of Availability for both the Record of 
Decision and Final Plan/EIS, associated news releases, public meeting highlights, and other related 
documents. Note: the National Elk Refuge does not manage the site. 

 

Additional Outreach Opportunities 
 

 Public meetings in Jackson and other identified locations. 

 Service produced video; video could be posted to the National Elk Refuge’s multimedia web page, or 
USFWS Mountain–Prairie home page “Top Video” feature. 

 Live radio interview on KHOL (Jackson, WY radio) 

 Wyoming Public Radio interview with Refuge management staff 

 Interviews with local print media sources 

 Updates at community leader meetings such as Rotary Club, Jackson Hole Chamber of Commerce board 
meetings, and interagency breakfast meetings (with Federal agencies and local elected officials). 

 

Target Audiences 
 

Internal 
 Regional and National USFWS Leadership 

 Refuge permanent staff 

 Refuge seasonal staff 

 Refuge volunteers 
 

External 
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 Congressional representatives 

 State of Wyoming leadership 

 Federal agency partners, particulary Grand Teton National Park and the Bridger–Teton National Forest 

 Wyoming Game & Fish Department 

 Other NER partners, including county and town agencies and local nonprofit organizations 

 Local elected officials 

 Private landowners in proximity to the National 

 Elk Refuge or neighboring Federal lands 

 Tribes 

 Local and state media 

 Local public 
 

Key Outreach Topics 
 

 Overview of BEMP objectives 

 Strategy to change elk/bison behavior 

 Threat of disease 

 Natural mortality rates 

 Anticipated winter distribution changes for bison/elk 

 Mitigate negative effects on private lands 

 Change elk behavior and distribution while avoiding increased mortality. 

 Explain the historic reasons a supplemental feeding program began and why it was continued.   

 Explain the NER’s limited large ungulate carrying capacity and the disproportionate impact of bison 
on available forage; 3 elk = 1 bison. 
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APPENDIX 4.  Models 

Elk winter distribution model 
 
The proportion of the JEH that winter on the NER will be linked to factors hypothesized to influence elk 
winter distribution (Fig. 2) using a generalized linear mixed effects model (GLMM). A GLMM can account 
for a proportional response variable (i.e., constrained to the interval 0–1) using a log link and binomially-
distributed errors. A GLMM also includes fixed and random effects, with the latter capturing residual 
model variance otherwise not explained by fixed effects. Year will be including as a random effect, 
providing several benefits. First, we don’t assume years are independent and comprise all of the factor 
levels of interest. Instead, the effect of year is treated as a random variable, with individual year effects 
realizations of that distribution. This allows inference to non-sampled factor levels, i.e. years, by 
estimating a latent population-level proportion of elk expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect can be considered a latent variable describing elk 
behavior manifested as observed winter distribution. Second, because year effects are not treated as 
independent, estimated effects of year on the proportion of JEH elk wintering on the NER are 
dependent on all factor levels, leading to greater precision when estimating individual year effects (Kéry 
2010).  
 
The full GLMM incorporating fixed effects for each factor identified as influencing elk winter distribution 
(Fig. 2) is: 

 
𝑃𝑡 = 𝛽0(𝑡) + 𝛽1 ∗ 𝐴𝐹𝐼𝑡 + 𝛽2 ∗ 𝑆𝐷𝑀𝑡 + 

𝛽3 ∗ 𝑊𝑃𝑡 + 𝛽4 ∗ 𝐺𝑆𝑃𝑡 + 𝛽5 ∗ 𝑆𝑊𝐸𝑡 + 𝜀𝑡  

 
where the random intercept and residual model variance are 

 
𝐵0(𝑡)~𝑁(𝜇𝛽0 , 𝜎𝛽0

2 ), and 

 
𝜀𝑡~𝑁(0, 𝜎

2), respectively.  
 
Fixed effects include 1) per capita available forage at initiation of winter feeding (AFI) , 2) proportion of 
the JEH that are short-distance migrants (SDM), 3) number of wolf packs present on JEH native winter 
range (WP), 4) growing season (May–August) precipitation for the Wyoming Snake Drainage climate 
division (GSP; a proxy for available forage on native winter range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early winter severity).  
 

Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. (2003) has as an output weekly available forage biomass 
for the NER (sum of predictions for 30 × 30 m cells). These predictions account for snow conditions using 
a proxy of SWE and decrement total available biomass by 35% to account for unpalatable plants within 
the total estimate.  
 
While calf survival is a function of multiple factors (Fig. 3), the primary management action influencing 
calf survival is supplemental winter feeding. Current winter feeding initiation criteria lead to calf survival 
generally higher than in unfed populations. Proposed feeding initiation criteria will result in later 

Comment [WJ5]: I’m not comfortable with this 
interpretation yet and need to think about it some 
more.  

Comment [WJ6]: This doesn’t currently have a 
term for hunting, although our conceptual model 
above does. Need to decide if we want to include or 
exclude here. 

Comment [WJ7]: Will need a more formal 
explanation of these variables and how they will be 
collected. May fit best in the monitoring section. 

Comment [WJ8]: If we use Hobbs’ model for 
predicting available forage these may be redundant. 

Comment [WJ9]: Put in winter feeding initiation 
paragraph above? Then note where more samples 
are necessary to improve the precision of the 
estimates. Need to run this model from 2007 
forward to see where, on average, feeding was 
initiated so we can make treatment adjustments as 
necessary. This would also allow us to look at the 
relationship between key index sites estimates and 
Hobbs’ predictions. Need to consider validating 
Hobbs’ model with field sampling Eric is currently 
designing to see if we can use the Hobbs model 
moving forward. This would take some time with 
stripping the Hobbs model down to our needs, 
identifying data sources, and developing a workflow 
process so weekly estimates of available forage can 
be calculated. Would only be able to use snow data 
from SNOTEL sites that have data available online, 
which shouldn’t be too much of a problem.  

Comment [KD10]: Need a citation here. 
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initiation of supplemental feed, which will be most influential to calf survival. There is currently little 
understanding regarding the relationship between initiation of winter feeding and calf survival, except 
that current feeding initiation criteria result in high calf survival. We believe a threshold level of 
available forage at initiation of winter feeding exists such that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized to decline quickly with reductions in available forage 
at winter feeding initiation. Available forage at the initiation of winter feeding will be related to on elk 
calf winter survival using a saturating function (i.e., Holling type-II functional response; Fig. 6) by  
 

𝑆𝑡 =
𝑎𝐴𝐹𝐼𝑡

𝑏 + 𝐴𝐹𝐼𝑡
. 

 
The parameters a and b determine how calf survival is related to available forage. Maximum calf survival 
is a, and b represents the value of available forage to an individual when survival is 50% of a (Hilborn 
and Mangel 1997).  

 

Although this approach doesn’t capture forage deficits per se, it does provide a potentially sensitive 
proxy for this concept. It is assumed that a forage deficit for calves would occur at a point on the curve 
of the relationship between calf survival and available forage at initiation of supplemental feeding. 
Modeling the response of winter calf elk survival to changes in feeding initiation criteria facilitates our 
ability to maximize the influence of feeding initiation criteria on winter distribution while minimizing the 
likelihood of a large mortality event.   
 

 
 Hypothesized relationship between winter survival of elk calves and per capita available forage at initiation of 

winter feeding on the National Elk Refuge.  
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EXECUTIVE SUMMARY [incomplete] 

 

Overview 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands, focused on four broad goals related to: 1) 
habitat conservation; 2) sustainable populations; 
3) numbers of elk and bison; and 4) disease 
management.  The final plan directed the NER 
and GTNP (in conjunction with the Wyoming 
Game and Fish Department; WGFD) to maintain 
the state’s elk herd objective of 11,000, establish 
a bison population objective of 500, restore 
habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program, when necessary in GTNP,  
continue to vaccinate elk for and effective 
vaccine becomes available, and develop a 
dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework referenced in 
the Record of Decision. 
 
Background 
Winter feeding of elk in Jackson was originally 
initiated to reduce winter mortality of elk and 
minimize depredation of ranchers’ hay.   The loss 
of available winter range in Jackson Hole due to 
new ranching operations and a growing town 
resulted in significant numbers of elk dying during 
several severe winters in the late 1800s and early 
1900s. This prompted local citizens and 
organizations, as well as state and federal officials 
in Jackson Hole, to begin feeding elk in the winter 
of 1910–11. Congress heeded the appeals for 
assistance and on August 10, 1912, established 

the National Elk Refuge. Today, the need for the 
refuge’s winter elk feeding program is a direct 
result of reduced access to significant parts of elk 
native winter range, loss of historic migration 
patterns, behavioral conditioning of elk to winter 
feeding, and the desire to maintain a population 
objective established in the context of 
supplemental feeding. 
 
Bison were extirpated outside Yellowstone 
National Park (YNP) by the mid-1880s but in 1948 
were reintroduced to Jackson Hole when 20 bison 
from (YNP) were released near Moran, Wyoming.  
The herd remained small until discovering elk 
feedlines in 1980, when the population began 
sustained population growth.  Bison and elk that 
winter on the NER are migratory and occupy 
summer ranges predominantly to the north. 
 
Objectives 
This adaptive management plan addresses 
several objectives under a broader BEMP goal of 
sustainable populations, which directed the 
agencies to: 1) Develop an adaptive management 
plan for reducing NER supplemental feeding; 2) 
[implement a] phased reduction of animals on 
feed: a) to 5,000 elk and 500 bison, and b) [to a 
point where] elk and bison rely predominantly on 
native habitat; 3) maintain natural elk bull-to-cow 
ratios in park summer herd; and 4) Enhance 
public outreach/education.  The BEMP further 
stated that consideration criteria for 
implementing the 2nd phase of reduced feeding 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on  private 
lands during high risk disease transmission 
periods, 4) maintaining desirable winter 
distribution patterns of elk and bison, 5) the 

Commented [S1]: Steve K, my view on this is that it should be 
relatively short, because this is not a long document.  I am thinking 
perhaps 2-3 pages max.  What are your thoughts? 
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prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and 
bison on the NER to greater reliance on free-
standing forage, while maintaining population 
and herd ratio objectives.  
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies approximately 
8,000 km2 in the upper Snake River watershed 
north of the town of Jackson (Fig. 1).  Much of the 
herd is migratory, moving between distinct 
wintering and summer ranges.  Primary wintering 
areas include the Buffalo Valley, lower elevations 
of the Gros Ventre River drainage, the National 
Elk Refuge (NER), and areas adjacent to the NER 
on Bridger-Teton National Forest (BTNF) lands.  
Summering areas occur throughout the herd’s 
range and for convenience are divided into four 
geographic regions that include Grand Teton 
National Park (GTNP), Yellowstone National Park 
(YNP), the Gros Ventre drainage, and Teton 
Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 

“tusk hunters” and large-scale commercial 
hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
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and federal officials in Jackson Hole, to begin 
feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 

reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
 
An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 
Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 
tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 

Preserve, Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 
to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and a variety of feeding 
strategies are employed to help reduce  
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 
 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
3).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt administered by WGFD.  This plan was 

halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig 3).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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bison and elk management focused on four broad 
goals related to: 1) habitat conservation; 2) 
sustainable populations; 3) numbers of elk and 
bison; and 4) disease management.  The primary 
management scenarios presented in the 
alternatives included the status quo, terminating 
elk and bison hunting on the NER and the elk 
reduction program in GTNP, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework listed on 
page 5 of the Record of Decision (Fig. 4).  It does 
not address other on-going bison and elk 
management actions already prescribed by the 
BEMP. 
 
The BEMP scheduled the completion of an 
Adaptive Management Plan for 2008.  However, 
litigation challenging the BEMP in 2008 led to the 
decision to postpone its development until 
litigation was resolved.  As of March 2015, two 
court rulings have upheld the 2007 BEMP and 
ROD. In a lawsuit against the  BEMP and its 
author agencies (Defenders of Wildlife et al. v. 
the U.S. Department of Interior and State of 

Wyoming 2010), plaintiffs argued that the BEMP 
violated the National Wildlife Refuge System 
Improvement Act (National Wildlife Refuge 
System Improvement Act 1997) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 
agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling 
(Defenders of Wildlife et al. v. the U.S. 
Department of Interior and State of Wyoming 
2011).   
 
National Environmental Protection Act 
Compliance 
 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   



 

 6  
 

Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 
objectives, 2 knowledge (including descriptive 
models) of the dynamics of the system being 
managed, 3) clearly articulated management 
actions and strategies, and 4) a monitoring 

program to evaluate responses of the system to 
management actions (Walters 1986).  
 
 This step-down plan utilizes adaptive 
management planning principles but is not 
intended to meet all of the adaptive 
management planning elements outlined in the 
Department of Interior Adaptive Management 
Technical Guide (2007).  This Step-Down Plan is 
more accurately described as a “structured 
framework of adaptive management actions that 
progressively transitions from supplemental 
winter feeding to greater reliance on free-
standing forage (BEMP ROD p.5).     
 
 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 
goals, 20 associated objectives were addressed 
(Table 1).  This adaptive management plan 
addresses four objectives under the goal of 
sustainable populations (Fig. 5). 
 
In Phase 1 of the second objective, the aim is to 
reduce the average number of elk on feed to 
5,000 (while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP-adopted objective of 500. In 
Phase 2, the overall objective is to reduce the 
reliance of bison and elk on supplemental feed 
(USFWS and USNPS 2007a).  Desired conditions 
include animals relying predominantly on native 
habitat and cultivated forage. Important 
consideration criteria for implementing Phase 2 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
private lands during high risk disease 
transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 
 

This Plan focuses on management actions to 
initially achieve Phase 1 objectives. However, if 
successful, these actions will continue to be used 

Table 1.  2007 Bison/Elk Management Plan 
Goals and Objectives (Adaptive Management 
Plan objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and 

cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives: 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 

• Phase reduction of animals on feed: 1) 
to 5,000 elk and 500 bison, and 2) elk 
and bison rely predominantly on native 
habitat. 

• Maintain natural bull-to-cow ratios in 
park summer herd. 

• Ensure a genetically viable bison herd 
with close to an even sex ratio. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 
11,000. 

• Maintain a genetically viable bison 
population of about 500 animals. 

Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk 
from elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

• Educate hunters about wildlife disease 
human health hazards. 
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to achieve the Phase 2 objective of reducing 
reliance on supplemental feeding while 

considering the six criteria listed above.      

 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 

and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The 
management stepdown approach will necessarily 
be one of investigation, constant evaluation, 
modifications to approach when indicated, and 
repeated trials (Fig 4).  As such the approach will 
also be experimental,  guided by rigorous analysis 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,200 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 
to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000, but because the proportion of the 
Jackson Elk Herd that winters on NER has 
increased dramatically (Fig. 6), this will make 
achieving the Phase I objective of 5,000 elk on 

feed and any future elk population reductions 
more difficult.   Preliminary modeling suggests 
that the increasing proportion of the Jackson Elk 
Herd wintering on NER has been associated with 
1) changes in elk winter distribution associated 
with wolves and 2)high numbers of elk that 
summer immediately adjacent to NER (Cole and 
Foley et al. 2015).   
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013. In recent years irrigation of approximately 
3,600 acres has increased refuge-wide forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone, and by 15% in the southern 
portion of NER which receives the greatest use by 
elk and bison. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes will have implications for elk 
and bison management. 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.  
 
 Chronic Wasting Disease 
Supplemental feeding has occurred in all but 9 
winters on NER since 1912, and although this 
strategy minimizes winter elk mortality from 
starvation and contributes to Wyoming state elk 
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herd objectives, elk occur at numbers and 
densities well in excess of carrying capacity 
(Smith et al. 2004, Lubow and Smith 2004).  
Considerable evidence suggests that Chronic 
Wasting Disease (CWD) transmission and 
prevalence are density dependent (Peters et al. 
2000, Williams et al. 2002).  Monello et al. (2014) 
found that elk densities of 15-110 per square km 
in Rocky Mountain National Park were associated 
with 13% CWD prevalence, and they predicted 
elk population declines when CWD prevalence 
exceeded 13%. NER elk densities commonly 
exceed 160 per square km (NER unpublished 
data), which suggests that the introduction of 
CWD to NER elk would have significant negative 
population effects over time. 
 

Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs/ac. Historic radio 
telemetry data and observations of elk 
movements indicate that when available forage 
delclines below 300 lbs/ac., some elk leave NER 
for surrounding private lands. Therefore, the 
purpose of this feeding trigger is to keep elk on 
the NER and prevent them from searching off-
refuge for forage which increases the potential of 
comingling.  This trigger is not a warning that a 
significant nutritional deficit threshold has been 
reached.  Available winter forage for elk and 
bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2015, relative to the current objective. 
  OBJECTIVE 2011 2012 2013 2014 2015 mean 
NER 5,000 7,746 7,360 6,285 8,296 8,390 7,615 
Gros Ventre 3,500 2,775 3,265 2,982 2,326 1,162 2,502 
Native Range1 2,500 982 894 1,784 801 913 1,075 
Total 11,000 11,503 11,519 11,051 11,423 10,465 11,192 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 
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Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56, range 329-457) hunters harvested 161 

(SD = 38, range 126-225) elk per year during the 
NER hunt.  

The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 8).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5, 
range 139-301) bison per year.  This level of 
harvest has been sufficient to arrest the 
exponential growth of the population, reducing 
bison numbers from the peak in 2007 to about 
700 animals in winter 2015 (Fig 3). Tribal bison 
harvest of up to 5 animals for ceremonial 
purposes was authorized in the BEMP.  
Translocation of wild bison to lands outside of 
Teton County is not currently permitted due to 
brucellosis concerns.  
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Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions.  
 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER year around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 

and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease several days to weeks before the 
bison hunting season in an effort to increase 
hunter harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 
implementation, followed by what remains to be 
accomplished] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 
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Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
occurs one day in early February and includes 
ground counts of animals on feed at the NER and 
aerial counts of outlying bison across their winter 
ranges on the refuge, park, and Bridger-Teton 
National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 

that winter would equal 5,000 elk X 100 days = 
50,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 25,000. 
 
We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 
bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Implementation of the AMP will have successfully 
attained the objective of “transitioning from 
intensive supplemental winter feeding to greater 
reliance on free-standing forage” when 
supplemental feeding was not used for more 
than 50% of the years in a 5 year period. 
 
Initial success of AMP implementation will be a 
consistent decline in the 3-year running average 
of elk and bison fed days from the established 
baseline. While the BEMP did provide specific 
measurement criteria for the definition of 
“transitioning from intensive supplemental 
winter feeding to greater reliance on free-
standing forage” we will consider this objective 
met when the 3-year running average of elk and 
bison fed days is <50% of baseline for 5 years in a 
row.   

Commented [S3]: SK’s draft. 

Commented [S4]: SC’s alterative in this paragraph, recognizing 
that the 50% number is the crux and a glaring target. 
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Several management constraints are common to 
the strategies discussed below (Table 3).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements 
in GTNP.  Similarly, compliance with the 
Wyoming greater sage-grouse core area 
protection executive order (2011-5) could restrict 
habitat manipulations.  NEPA compliance 
conducted as part of the BEMP/EIS constrains 
what federal actions can be taken as a part of this 
plan.  State regulations constrain late (winter) 
hunt and carcass disposal timing to protect 
against brucellosis contamination, since 
February-April represent the period bison and elk 
are most likely to transmit the disease.  
Restrictions on hunting timing also result from 
BTNF winter range closures, immediately east of 
the NER and elsewhere, December 1 to April 30.  
Additional details about these and other 
constraints will be included in discussions about 
specific strategies that follow. 
 
Strategies 
 
This section will describe the management action 
this AMP proposes to implement.  As such, it 
unveils the heart of management changes 
necessary to begin the process of transitioning to 
more reliance of bison and elk on native forage 
during winter.  Fundamentally, the strategies 
discussed in this plan represent an experiment 
designed to achieve Phase I objectives of 5,000 
elk and 500 bison on NER and are a first step 
towards reducing reliance on supplemental 
feeding while meeting the sustainable population 
goals identified in the AMP. 
 
Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies to 
achieve phase I objectives are modifications to 
winter feeding and hunting seasons.  To a lesser 

Table 3. Summary of potential Adaptive 
Management Plan constraints.  
Policy 
• ESA1 Lynx – limits on habitat impacts 
• Greater Sage Grouse – core area protection 
• 2007 BEMP/EIS (federal actions/lands) 

o No fertility control 
o No test and slaughter 
o Limited tribal harvest 

• Bison/elk hunt end date (Feb. 1st)  
o WGFD, brucelosis safety 

• Carcass disposal (Feb. 15th) 
o WGFD, brucellosis safety 

• Forest Service winter closure  
(Dec. 1st – April 30th) 

• Easement limitation (NER boundary) 
Winter Feeding 
• Only during non-hunting periods 
Harvest 
• State regulations 
Vegetation Restoration/Protection 
• Bison/elk distribution 
• Exotic plant species management 
Private Lands  
• Owner agreements 
Social 
• Hunter density (safety; hunt quality) 
• Elk/bison winter mortality levels 
• Public safety (ungulate/vehicle collisions) 
• Disease  
• Land-use conflicts (agricultural and  

residential) 
Biological 
• Disease (bison/elk/cattle commingling) 
• Sage grouse habitat conflicts 
• Fencing/wildlife conflicts 
• Elk herd distribution 

o summer segment distribution goals 
Funding 
• Easement purchase 
• Plan implementation 
1Endangered Species Act 
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extent, vegetation protection and restoration can 
be important, particularly for improving long-
term ecological balance and enhancing natural 
production of native forage.  Private lands are 
also an integral component as changes in elk and 
bison distribution occur and new challenges 
develop.  The likely consequences of 
implementing these strategies were evaluated in 
the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously and 
systematically. The strategies discussed below 
have been developed in this context, with 
appropriate feedback mechanisms through 
rigorous monitoring and frequent evaluation.  
Inability to meet this objective under the 
strategies presented here would trigger a 
thorough evaluation and development of more 
aggressive strategies. 
 
Chronic Wasting Disease 
In 2014 WGFD began the revision process for the 
Wyoming CWD Management Plan (2006). WGFD 
has cooperated with federal agencies and other 
stakeholders to revise the plan, and NER and 
USFWS Region 6 Wildlife Health Office staff 
participated in several meetings associated with 
this effort.  One goal of the CWD Management 
Plan update is to develop specific management 
responses should CWD be detected on or 
adjacent to State or NER elk feedgrounds.  Early 
detection of CWD in the JEH is essential to ensure 
an effective management response. 
 

Since 1997 NER has cooperated with Wyoming 
Game and Fish Department (WGFD) to conduct 
surveillance for CWD in the JEH unit. Although 
this effort indicates that CWD is not currently 
found in the JEH, continued surveillance at 
sample sizes sufficient to detect 1% prevalence 
with 95% confidence annually will be critical to 
ensure a timely management response and limit 
the long-term population effects of the disease 
(USFWS and NPS 2007).  Given that CWD has 
been detected within 40 miles of the JEH in 
moose, within 70 miles in deer, and within 175 
miles in elk, this level of surveillance is 
warranted.   
 
Winter Feeding 
Winter feeding actions that could be modified 
include starting date, ending date, and daily 
ration.  To modify elk and bison behavior in the 
long run, delaying initiation of feeding is likely to 
have the greatest impact by gradually 
conditioning them to expect feed later on 
average, with the desired outcome of building a 
cohort of animals that rely primarily on native 
winter range and are not food conditioned. To 
reduce supplemental feeding overall, ending 
feeding early would also help decrease the 
amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   

 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 4, Fig. 9).   Time of season could 
influence this interval, most likely shortening it as 
the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from December 30 to February 28.  Delaying 
feeding by two weeks in January, for example, is 
likely to be more successful than doing so in 
February, when food stress and tendency for 
animals to move to private lands is greater.  
Forage availability could also have an influence, 
particularly if a freeze thaw event resulted in an 
acute and large reduction in available forage.  
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Both time of season and forage availability 
considerations would be affected by the numbers 
of elk and bison on the NER.  And finally, the 
distribution of animals, particularly on private, 
livestock producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer because of being displaced by 
more dominant animals.  Monitoring programs 
will include measures of calf mortality and it will 
be an influencing parameter in feedback 
mechanisms.  The BEMP anticipated that elk 
mortality could increase from 1-2% overall to 1-
5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32% based on an average 
feeding season length of 9.3 weeks from 1995-
2015. 
 
The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites and on-going measurements at those sites 
throughout the winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 

hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 4).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 
Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNP summer segment (since most 
park bulls migrate to the NER) would help inform 
levels of take proposed.  Bow hunting in areas 
currently closed to firearms will likely increase 
harvest by eliminating “no-hunt” areas which can 
become sanctuaries for large numbers of elk. 
Shifting the hunt one week later is consistent 
with later migrations and will improve harvest 
effectiveness. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has lead to significant increases of winter 
elk concentrations on the NER.    
 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
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Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 4).  Consideration would be given to later 
hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, State 
quotas will likely be reduced and management 
flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Serious consideration should be given to reducing 
the bison herd population objective in the future.  
This would lower winter forage consumption on 
the NER and help reduce elk and bison winter 
concentrations.    
 

The current bison herd objective is “. . . maintain 
and ensure a genetically viable population of 
approximately 500 animals (five-year average), 
with as close to an even sex ratio as possible to 
maximize maintenance of genetic variation over 
time. . .” (BEMP p. 136).    
 
The Jackson bison herd is not considered part of 
the U.S. Fish and Wildlife Service’s meta-
population approach to bison conservation 
because of its high prevalence of brucellosis.  This 
disease prevents the export of Jackson bison to 
other DOI conservation herds. 
 
The 500 bison population objective was set 
primarily to preserve existing genetic diversity 
assuming extremely limited natural genetic 
transfer with the Yellowstone or other DOI bison 
conservation herds.  Genetic diversity can be 
maintained for a Jackson bison herd less than 500 
if bison with desirable genetic diversity are 
periodically imported from other DOI bison 
conservation herds.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 
spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Figs. 9 and 10). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   
 

 

Figure ?. The annual fall/winter arrival of elk to 
the NER during the past several decades has 
been occurring progressively later.  This trend 
may necessitate extending the elk hunting 
season later into the year to achieve harvest 
objectives. 
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Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 
Several strategies would be employed to mitigate 
potential problems (Table 4), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 
purchase private lands easements to prevent co-
mingling. A vital component in implementing 
these mitigation measures is to establish three 
seasonal Wildlife Conflict Technician positions 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the AMP 
(see Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMP mitigation efforts.  
 
Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    

 
Vegetation Restoration/Protection 
 
[NER and GTNP staff to draft material] 
 
Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 
 
A private lands Hunting Coordinator Position 
would be established and supervised by the 
WGFD to promote and coordinate hunting 
activity focused on Southern Herd Segment 
harvest in and around private lands in the Spring 
Gulch Area north to Moose, WY (Hunt Area 78).    
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Table 4 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold  <= 10%  
  Elk/bison distribution - visual    
  Elk/bison distribution –  
  collars 

   

  Winter mortality    
  Elk summer range 
  proportions 

   

    
Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 
   Structure  - 1 week initial drawing 

- 1 week left over 1st 
served 
- partial week alternate 

- 1 week initial drawing 
- 1 week left over 1st 
served 
- partial week alternate 
- daily 1st served 
alternates 

 

1Number elk and bison on feed per day, totaled by feeding season. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 



 

 20  
 

 

Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   Landscape damage    
   Easement acquisition    
    
Vegetation Restoration/ 
Protection: Elk Refuge 

   

    
Vegetation Restoration/ 
Protection: Grand Teton 
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Figure 9.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure  10. [example] Framework for harvest strategy and adaptive management. 



 

 22  
 

 

Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMP (Table 5).  Since they were not part of the 
ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management plan, and thus they are 
not being considered at this time.   

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation and cessation of winter feeding). Fig. 11 
describes possible factors that affect winter elk 
distribution (the proportion of elk on NER 
feedgrounds versus native winter range). Models 
will be used to identify the relative influence of 
our principal management strategy (a reduction 

in feed season length) and other factors on 
winter elk distribution (Appendix 3).  Over time 
this will allow us to assess whether changes in elk 
distribution were the result of our management 
actions or due to factors outside of our control.  
 
An increase in calf elk winter mortality is a 
potential result of reduced feed season length.  
Fig. 12 portrays factors that influence winter calf 
elk survival on NER.  
 

Table 5.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due 

to major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest 
herd segment in Hunt Area 78 on private lands, where 
federal agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for 
AMP because current hunting programs appear effective 
at slowly moving the herd toward the 500 animal herd 
objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands 
because current hunting programs that utilize sport 
hunters are effective at meeting herd objectives. 

Altering rations of supplemental feed Rejected as a strategy because reducing daily feed ration 
below 8 lbs/elk would be enough feed to encourage elk to 
remain on NER but would result in unacceptably high elk 
calf mortality rates. 
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Models will be used to assess the effects of 
available forage on winter calf elk survival 
(Appendix 4).  Over time this will allow us to 
assess the effects of our principal management 
strategy (reducing feed season length) relative to 

other factors on elk calf survival and potentially 
adjust our management actions based on model 
results. 
  

 

 

Figure 11.  Influence diagram depicting factors (including management actions) influencing outcomes 
identified in the Bison and Elk Management Plan (BEMP; USFWS 2007a). Gray hexagons represent outcomes, 
rectangles represent management actions, rounded rectangles represent factors with numerical objectives, 
and ovals represent factors outside of management control. Bolded polygons and arrows represent outcomes 
and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed rectangle) 
is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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MONITORING  
 
Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers; and 3) extending the monitoring 
period later in the winter to assess the 
relationship between available forage and elk and 
bison distribution. 
 

To better represent the total amount of forage 
available on the southern half of NER, a 
subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional random sample sites 
stratified by elk habitat preference will be added.   
Historic elk distribution mapping and elk GPS 
collar data (NER unpublished data) suggest that 
the areas most preferred by elk on southern NER 
are associated with moderate to high forage 
production and green vegetation.  Because the 
distribution of forage production and greenness 
characteristics vary annually based on irrigation 
and precipitation patterns, we will annually map 
areas preferred and not preferred by elk and 
sample sites will be randomly selected within 
each of these mapped categories.   At least 3 
historic key index sites, 3 random sites in areas 

 

Figure 12. Influence diagram depicting factors (including management actions) influencing bison and elk fed 
days on the National Elk Refuge (see text for description) and winter calf elk survival. Gray hexagons represent 
outcomes, rectangles represent management actions, rounded rectangles represent factors with numerical 
objectives, and ovals represent factors outside of management control. Bolded polygons and arrows represent 
outcomes and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed 
rectangle) is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 
 
Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average 
forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the 
monitoring period will be extended to include the 
intervening 2 weeks.   
 
Proportion of Elk Wintering on NER 
 
A principal AMP goal is to reduce the number of 
elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 
each year, we will calculate the proportion of 

total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 
running average post AMP implementation to the 
pre-implementation baseline.  The pretreatment 

baseline will be comprised of data from 2008-
2016, a time period that represents BEMP 
implementation prior to AMP actions (Figure 13).   
 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMP implicitly assume that the 
transmission rate and prevalence of elk and bison 
diseases are density dependent and positively 
correlated with the number of elk and bison 
utilizing feedgrounds and the number of days 
they are fed.  We further assume the variables 
elk-fed-eays (EFD) and bison-fed-days (BFD) are a 
proxy for these conditions. EFD and BFD will be 
calculated annually for each species based on the 
following formulas:  
 
 
 

 

Figure13. Proportion of the Jackson Elk Herd that was 
classified on NER feedgrounds in the period following 
implementation of the Bison and Elk Management Plan 
and prior to the implementation of the Adaptive 
Management Plan (2008-2015).  These values 
represent the pretreatment baseline which will be 
compared to the 3 year running average post AMP 
implementation. 
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EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 
 
BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 

comparing the 3-year running average post AMP 
implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account for wide annual variation in EFD and BFD 
associated with winter severity (Fig. 14) 
 
Elk Winter Mortality Monitoring 
 
NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMP implementation, 
which will allow trend comparisons to the pre 
AMP baseline (Figure 15).  Under the AMP 
framework, we believe the 3 year running 
averages for total and calf winter elk mortality 
will be within the range of variation exhibited by 
the pre AMP baseline.  Historic monitoring 
suggests that calf and total mortality are sensitive 
to winter severity and disease outbreaks, and 
that winter mortality occasionally exceeds >3% 
total mortality and >10% calf mortality.  Post 
AMP mortality in excess of these levels may 
warrant shortening the 2-week feeding initiation 
delay in subsequent years. 
 
Elk Collaring 
 
One of the AMP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas.  To quantify this effect and provide real 
time information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 
sample of 50 GPS collars on elk that winter on 
NER throughout the AMP implementation period.  

 

 
 
Figure14. Elk Fed Days (EFD) and Bison Fed Days 
(BFD) in the period following implementation of the 
Bison and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 
3 year running average EFD and BFD post AMP 
implementation. 



 

 27  
 

Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This 
sample size will not be sufficient to detect all elk 
movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk 
movements from NER to surrounding private 
lands will increase during the AMP 
implementation period compared to the pre-
treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 
is the season when changes to the NER feeding 

program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 
Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 
need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis 
process includes brucellosis seroprevalence, 
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 
Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post AMP 
implementation.  There are no recent brucellosis 
seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk 
collaring operations in winter 2016, and each elk 
will be tested for Brucellosis exposure.  The 2016 
Brucellosis seroprevalence rate will be the pre-
treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 
introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 

 

Figure15. Total and calf elk winter mortality (%) on NER 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the pretreatment 
baseline which will be compared to the 3 year running 
average post AMP implementation. 
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management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 
CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 

technicians working from September-December 
are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 

 

 
EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 
strategies outlined in this plan will be in place for 
a minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 

an annual adaptive management update/report, 
completed by NER staff by the end of March for 
the previous year.  
 
Investigating the potential effects of climate 
change on elk and bison management will be 
important in the long-term.  During 
implementation of this plan, we will collect a 
variety of data that can be drawn upon for this 
purpose.  

 

PUBLIC OUTREACH AND EDUCATION  
The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMP 
implementation.  The practice of feeding elk 

evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMP in order to gain general 
consent to modify longstanding elk/bison herd 
management methods.   
 
A detail communication plan to guide outreach 
and education efforts can be found in Appendix 3. 
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SCHEDULE 

 

 

Table 7.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 

 

 

Table 6.  Adaptive Management Plan proposed schedule. 
Action Date 

GPS Collar 30-40 elk prior to strategy implementation (Iridium platform) February 2016 

Public outreach and education March 2016 

Initiate private lands conflicts mitigation contacts/actions March 1, 2016 

Implement enhanced forage monitoring  March 1, 2016 

Initiate changes in supplemental feeding protocol January 2017 

Monitoring/Evaluation/Annual Report June 2017 
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BUDGET 

Table 8. [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Seasonal Biological Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 
     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment distribution1      
     Expanded standing forage estimates1      
     Chronic Wasting Disease, 2 seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 
     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; Iridium Platform $115,000 $25,000 $25,000 $25,000 $25,000 
Bison barrier at NER south entrance $80,000 $1,000 $1,000 $1,000 $1,000 
Adaptive Management Plan annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 
Private lands:      
     Easements / Acquisition      
     Damage reimbursements (Wyoming)      
     Conflict mitigation coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 
Vegetation restoration/protection1      
Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 

Subtotal      
Grand Teton National Park:      
Monitoring:      
     Summer elk classification/distribution      
     Hunter harvest      
     Harvest age distribution      
     Transition range forage production/utilization      
Vegetation Restoration/Protection      
     Temporary bison fencing      
     Hayfields restoration      
     Exotic plant mitigation      
     monitoring      
Elk Reduction Program      

Subtotal      
Wyoming Game and Fish Department:2      
Private lands:       
     elk harvest coordination      
     Easements / Acquisition      
     Damage reimbursements      
     Conflict mitigation coordination      

Add additional lines and categories as needed 
Subtotal      

Grand Total      
1 See detail in Appendix      
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APPENDIX 1.  Summary of primary potential impacts associated with reduced supplemental feeding, 
as identified in alternative 4 environmental consequences section of the Final Bison and Elk 
Management Plan/Environmental Impact Statement (USFWS and USNPS 2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing 

supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter 

forage production, assessments of forage utilization (done jointly by WGFD and NER personnel), 
elk condition and movements, and potentially on the January 1 index of winter severity 
calculations for elk (Farnes, Heydon, and Hansen 1999). 

• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition 

(negligible adverse effect on NER elk from lower nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the 

bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would 

increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider 
distribution. 

• Elk use of lands surrounding the NER would increase, including: 
o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNP 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and 
Gros Ventre segments. 

• As ungulate numbers decreased and supplemental feeding was reduced, competition and 
aggressive social interactions on the refuge would also be reduced. 

• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability 
would have a greater influence on numbers, movements, distribution, and mortality. 

• More elk would be subject to natural factors affecting mortality, including loss of body 
condition, predation, and starvation. 

• Increased mortality on and off the refuge would mainly affect older elk and calves, and some 
prime bulls entering the winter energetically stressed due to rut activities. 
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• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 

1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due 
to tuberculosis, septicemic pasturelosis, and CWD. 

• The health and sustainability of the Jackson elk herd would be increased gradually as 
supplemental feeding was reduced and there was greater reliance on standing forage and wider 
ungulate distribution. 

• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and 

potential transmission of brucellosis, as well as potential for spread of diseases not yet in the 
population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, 
to coordinate actions that would prevent conflicts due to elk dispersal and to defray costs of 
managing potential conflicts. Preventing access to food/hay rewards on private lands would be 
vital for effective management. 

• Private land conservation easements within NER boundaries would promote wider distribution.  
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APPENDIX 2.  Monitoring Supplemental Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured at every 5 steps along the random bearing 
determined for each site.  At each subplot a 13.27” diameter metal sampling ring will be placed on the 
ground. The amount of forage available to elk within the sampling ring (dry weight in grams) will be 
visually estimated.  The 13.27” diameter subplot allows easy conversion from grams to lbs. per acre 
(each gram is equivalent to 100 lbs. per acre). During annual forage production sampling, refuge 
biologist Eric Cole has made approximately 1,000 of these visual estimates per year for 17 years, and 
33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will be the 
principal estimator, but additional personnel will be trained in these techniques to provide redundancy 
in the event of personnel changes, and to increase the number of observers to facilitate estimation of 
error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward when 
snow cover is limited, but estimating how much of the forage is accessible to elk when snow is dense, 
deep and crusted can be subjective.  To decrease the subjectivity of the estimation process, if the area 
under the sample ring is covered with snow, only forage that can be exposed with a gloved hand will be 
included in the estimate of available forage.  Forage that is fouled with manure and/or flush with the 
ground due to trampling and/or encrusted in ice will not be included in the estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an equivalent 
lbs./acre value (1 gram=100 lbs./acre).   The arithmetic mean of available forage (lbs./acre) for the 10 
subplots provides an estimate of available forage for each index site.  There are 3 sample site categories: 
1) Historic  Key Index Sites that have been used since 2007, 2) New randomly selected sites within areas 
preferred by elk, and 3) New randomly selected sites in areas not preferred by elk.  Historic key index 
sites were not randomly selected, but were instead selected to represent areas most preferred by elk on 
the south end of NER.  These were the sites used to determine when supplemental feeding would be 
initiated from 2007 until the implementation of the AMP.  To facilitate comparison with pre-AMP data, 
we will continue to use mean lbs. per acre across historic key index sites to determine the 300 lbs. per 
acre threshold.  However, post AMP implementation we will delay feeding initiation by 2 weeks once 
the 300 lbs./acre level has been reached.  We will concurrently sample at randomly selected sites 
stratified on an annual basis between areas highly preferred and not highly preferred by elk.  This will 
enable us to quantify the relationship between mean forage availability at historic key index sites and 
random sites over time. 
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APPENDIX 3.  Communication Plan 
 
Communication Goals 
 
Prior to the Adaptive Management Plan’s Implementation 
 
• Utilize a variety of outreach methods to inform the public on the goals and timing of the Adaptive 

Management Plan’s implementation and possible effects on wintering herds. 
• Utilize a variety of outreach methods to inform the public on public comment opportunities. 
• Identify and coordinate key messages and outreach with USFWS regional and national offices, State and 

federal agency partners, non-profits, elected officials, and other identified audiences. 
 
During the Adaptive Management Plan’s Implementation 
 
• Continue to utilize a variety of outreach methods to describe current management actions as well as 

measurable and noticeable changes on the landscape, in animal behavior, or in animal health. 
• Provide a comprehensive overview of the Adaptive Management Plan by providing links and references 

to previous outreach and background information. 
 
Communication Objectives 
 
• Work with current media contacts to promote news of the Adaptive Management Plan via print, radio, 

Web, and social media platforms. 
• Utilize new media and social media tools to provide information on why the Adaptive Management Plan 

was developed, what public comment opportunities exist, and how the plan is being implemented. 
• Plan, coordinate, and execute public meetings to allow for public comment and questions on the plan. 
• Develop and provide methods for the public to submit written comments on the Adaptive 

Management Plan. 
• Monitor print media on Refuge elk and bison management to see how Adaptive Management Plan 

objectives and reactions are being portrayed to the public. 
 
Current Outreach Resources 
 
• National Elk Refuge web site 
• National Elk Refuge news release list 
• (approximately  300 contacts) 
• National Elk Refuge Twitter site (1,039 followers) 
• Bison and Elk Management Plan web site (http://www.fws.gov/bisonandelkplan/) 
• Space for an 11” x 17” poster in the Visitor Center on Refuge management topics 
• Display panels in the Visitor Center theater for temporary displays 
 
Available Supporting Outreach Resources 
 
• USFWS Mountain–Prairie External Affairs staff 
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• USFWS Mountain–Prairie web site, including the 
• “Top Stories” feature 
• USFWS Mountain–Prairie Twitter site USFWS Mountain-Prairie Region Facebook page 
• USFWS National Wildlife Refuge System 
• Facebook page 
• USFWS Facebook page 
 
Previous Outreach Efforts 
 
• NER routinely writes and disseminates news releases on Refuge management activities, including the 

Comprehensive Conservation Plan, supplemental feeding, herd health monitoring, and forage 
production.  

• Post the above news stories as Content. 
• Management System (CMS) articles. 
• Post CMS news story promos so they prominently appear on the home page, linking readers to the 

articles. 
• Send out Twitter messages linking viewers back to the news stories. 
• Prepare, upload and provide links to Adobe PDF versions of news stories with addtional photos where 

additonal images are available and/or help understand or visualize the content. 
• Utilized the Conservation link on the web Content 
• Management System to post information about 

the Bison and Elk Management Plan and the draft Comprehensive Conservation Plan. 
• Retained and provided a link to the original Bison and Elk Management web page (http://www.fws. 

gov/bisonandelkplan/) that was developed during the planning process. The web site includes links to 
the Final Plan/EIS, Record of Decision, Federal Register Notice of Availability for both the Record of 
Decision and Final Plan/EIS, associated news releases, public meeting highlights, and other related 
documents. Note: the National Elk Refuge does not manage the site. 

 
Additional Outreach Opportunities 

 
• Public meetings in Jackson and other identified locations. 
• Service produced video; video could be posted to the National Elk Refuge’s multimedia web page, or 

USFWS Mountain–Prairie home page “Top Video” feature. 
• Live radio interview on KHOL (Jackson, WY radio) 
• Wyoming Public Radio interview with Refuge management staff 
• Interviews with local print media sources 
• Updates at community leader meetings such as Rotary Club, Jackson Hole Chamber of Commerce board 

meetings, and interagency breakfast meetings (with Federal agencies and local elected officials). 
 
Target Audiences 
 
Internal 
• Regional and National USFWS Leadership 
• Refuge permanent staff 
• Refuge seasonal staff 
• Refuge volunteers 
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External 
• Congressional representatives 
• State of Wyoming leadership 
• Federal agency partners, particulary Grand Teton National Park and the Bridger–Teton National Forest 
• Wyoming Game & Fish Department 
• Other NER partners, including county and town agencies and local nonprofit organizations 
• Local elected officials 
• Private landowners in proximity to the National 
• Elk Refuge or neighboring Federal lands 
• Tribes 
• Local and state media 
• Local public 
 
Key Outreach Topics 
 
• Overview of BEMP objectives 
• Strategy to change elk/bison behavior 
• Threat of disease 
• Natural mortality rates 
• Anticipated winter distribution changes for bison/elk 
• Mitigate negative effects on private lands 
• Change elk behavior and distribution while avoiding increased mortality. 
• Explain the historic reasons a supplemental feeding program began and why it was continued.   
• Explain the NER’s limited large ungulate carrying capacity and the disproportionate impact of bison 

on available forage; 3 elk = 1 bison. 
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APPENDIX 4.  Models 

Elk winter distribution model 
 
The proportion of the JEH that winter on the NER will be linked to factors hypothesized to influence elk 
winter distribution (Fig. 2) using a generalized linear mixed effects model (GLMM). A GLMM can account 
for a proportional response variable (i.e., constrained to the interval 0–1) using a log link and binomially-
distributed errors. A GLMM also includes fixed and random effects, with the latter capturing residual 
model variance otherwise not explained by fixed effects. Year will be including as a random effect, 
providing several benefits. First, we don’t assume years are independent and comprise all of the factor 
levels of interest. Instead, the effect of year is treated as a random variable, with individual year effects 
realizations of that distribution. This allows inference to non-sampled factor levels, i.e. years, by 
estimating a latent population-level proportion of elk expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect can be considered a latent variable describing elk 
behavior manifested as observed winter distribution. Second, because year effects are not treated as 
independent, estimated effects of year on the proportion of JEH elk wintering on the NER are 
dependent on all factor levels, leading to greater precision when estimating individual year effects (Kéry 
2010).  
 
The full GLMM incorporating fixed effects for each factor identified as influencing elk winter distribution 
(Fig. 2) is: 
 

 
 

 
where the random intercept and residual model variance are 
 

, and 
 

, respectively.  
 
Fixed effects include 1) per capita available forage at initiation of winter feeding (AFI) , 2) proportion of 
the JEH that are short-distance migrants (SDM), 3) number of wolf packs present on JEH native winter 
range (WP), 4) growing season (May–August) precipitation for the Wyoming Snake Drainage climate 
division (GSP; a proxy for available forage on native winter range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. (2003) has as an output weekly available forage biomass 
for the NER (sum of predictions for 30 × 30 m cells). These predictions account for snow conditions using 
a proxy of SWE and decrement total available biomass by 35% to account for unpalatable plants within 
the total estimate.  
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While calf survival is a function of multiple factors (Fig. 3), the primary management action influencing 
calf survival is supplemental winter feeding. Current winter feeding initiation criteria lead to calf survival 
generally higher than in unfed populations. Proposed feeding initiation criteria will result in later 
initiation of supplemental feed, which will be most influential to calf survival. There is currently little 
understanding regarding the relationship between initiation of winter feeding and calf survival, except 
that current feeding initiation criteria result in high calf survival. We believe a threshold level of 
available forage at initiation of winter feeding exists such that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized to decline quickly with reductions in available forage 
at winter feeding initiation. Available forage at the initiation of winter feeding will be related to on elk 
calf winter survival using a saturating function (i.e., Holling type-II functional response; Fig. 6) by  
 

 
 
The parameters a and b determine how calf survival is related to available forage. Maximum calf survival 
is a, and b represents the value of available forage to an individual when survival is 50% of a (Hilborn 
and Mangel 1997).  
 
Although this approach doesn’t capture forage deficits per se, it does provide a potentially sensitive 
proxy for this concept. It is assumed that a forage deficit for calves would occur at a point on the curve 
of the relationship between calf survival and available forage at initiation of supplemental feeding. 
Modeling the response of winter calf elk survival to changes in feeding initiation criteria facilitates our 
ability to maximize the influence of feeding initiation criteria on winter distribution while minimizing the 
likelihood of a large mortality event.   
 

 
 Hypothesized relationship between winter survival of elk calves and per capita available forage at initiation of 
winter feeding on the National Elk Refuge.  
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EXECUTIVE SUMMARY [incomplete] 

 

Overview 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands, focused on four broad goals related to: 1) 
habitat conservation; 2) sustainable populations; 
3) numbers of elk and bison; and 4) disease 
management.  The final plan directed the NER 
and GTNP (in conjunction with the Wyoming 
Game and Fish Department; WGFD) to maintain 
the state’s elk herd objective of 11,000, establish 
a bison population objective of 500, restore 
habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program, when necessary in GTNP,  
continue to vaccinate elk for and effective 
vaccine becomes available, and develop a 
dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework referenced in 
the Record of Decision. 
 
Background 
Winter feeding of elk in Jackson was originally 
initiated to reduce winter mortality of elk and 
minimize depredation of ranchers’ hay.   The loss 
of available winter range in Jackson Hole due to 
new ranching operations and a growing town 
resulted in significant numbers of elk dying during 
several severe winters in the late 1800s and early 
1900s. This prompted local citizens and 
organizations, as well as state and federal officials 
in Jackson Hole, to begin feeding elk in the winter 
of 1910–11. Congress heeded the appeals for 
assistance and on August 10, 1912, established 
the National Elk Refuge. Today, the need for the 
refuge’s winter elk feeding program is a direct 

result of reduced access to significant parts of elk 
native winter range, loss of historic migration 
patterns, behavioral conditioning of elk to winter 
feeding, and the desire to maintain a population 
objective established in the context of 
supplemental feeding. 
 
Bison were extirpated outside Yellowstone 
National Park (YNP) by the mid-1880s but in 1948 
were reintroduced to Jackson Hole when 20 bison 
from (YNP) were released near Moran, Wyoming.  
The herd remained small until discovering elk 
feedlines in 1980, when the population began 
sustained population growth.  Bison and elk that 
winter on the NER are migratory and occupy 
summer ranges predominantly to the north. 
 
Objectives 
This adaptive management plan addresses 
several objectives under a broader BEMP goal of 
sustainable populations, which directed the 
agencies to: 1) Develop an adaptive management 
plan for reducing NER supplemental feeding; 2) 
[implement a] phased reduction of animals on 
feed: a) to 5,000 elk and 500 bison, and b) [to a 
point where] elk and bison rely predominantly on 
native habitat; 3) maintain natural elk bull-to-cow 
ratios in park summer herd; and 4) Enhance 
public outreach/education.  The BEMP further 
stated that consideration criteria for 
implementing the 2nd phase of reduced feeding 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on  private 
lands during high risk disease transmission 
periods, 4) maintaining desirable winter 
distribution patterns of elk and bison, 5) the 
prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
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transitioning from winter feeding of elk and 
bison on the NER to greater reliance on free-
standing forage, while maintaining population 
and herd ratio objectives.  
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies approximately 
8,000 km2 in the upper Snake River watershed 
north of the town of Jackson (Fig. 1).  Much of the 
herd is migratory, moving between distinct 
wintering and summer ranges.  Primary wintering 
areas include the Buffalo Valley, lower elevations 
of the Gros Ventre River drainage, the National 
Elk Refuge (NER), and areas adjacent to the NER 
on Bridger-Teton National Forest (BTNF) lands.  
Summering areas occur throughout the herd’s 
range and for convenience are divided into four 
geographic regions that include Grand Teton 
National Park (GTNP), Yellowstone National Park 
(YNP), the Gros Ventre drainage, and Teton 
Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 

“tusk hunters” and large-scale commercial 
hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
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and federal officials in Jackson Hole, to begin 
feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 

reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
 
An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 
Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 
tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 

Preserve, Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 
to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and a variety of feeding 
strategies are employed to help reduce  
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 
 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
3).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt administered by WGFD.  This plan was 

halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig 3).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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bison and elk management focused on four broad 
goals related to: 1) habitat conservation; 2) 
sustainable populations; 3) numbers of elk and 
bison; and 4) disease management.  The primary 
management scenarios presented in the 
alternatives included the status quo, terminating 
elk and bison hunting on the NER and the elk 
reduction program in GTNP, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework listed on 
page 5 of the Record of Decision (Fig. 4).  It does 
not address other on-going bison and elk 
management actions already prescribed by the 
BEMP. 
 
The BEMP scheduled the completion of an 
Adaptive Management Plan for 2008.  However, 
litigation challenging the BEMP in 2008 led to the 
decision to postpone its development until 
litigation was resolved.  As of March 2015, two 
court rulings have upheld the 2007 BEMP and 
ROD. In a lawsuit against the  BEMP and its 
author agencies (Defenders of Wildlife et al. v. 
the U.S. Department of Interior and State of 

Wyoming 2010), plaintiffs argued that the BEMP 
violated the National Wildlife Refuge System 
Improvement Act (National Wildlife Refuge 
System Improvement Act 1997) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 
agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling 
(Defenders of Wildlife et al. v. the U.S. 
Department of Interior and State of Wyoming 
2011).   
 
National Environmental Protection Act 
Compliance 
 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   
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Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 
objectives, 2 knowledge (including descriptive 
models) of the dynamics of the system being 
managed, 3) clearly articulated management 
actions and strategies, and 4) a monitoring 

program to evaluate responses of the system to 
management actions (Walters 1986).  
 
 This step-down plan utilizes adaptive 
management planning principles but is not 
intended to meet all of the adaptive 
management planning elements outlined in the 
Department of Interior Adaptive Management 
Technical Guide (2007).  This Step-Down Plan is 
more accurately described as a “structured 
framework of adaptive management actions that 
progressively transitions from supplemental 
winter feeding to greater reliance on free-
standing forage (BEMP ROD p.5).     
 
 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 
goals, 20 associated objectives were addressed 
(Table 1).  This adaptive management plan 
addresses four objectives under the goal of 
sustainable populations (Fig. 5). 
 
In Phase 1 of the second objective, the aim is to 
reduce the average number of elk on feed to 
5,000 (while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP-adopted objective of 500. In 
Phase 2, the overall objective is to reduce the 
reliance of bison and elk on supplemental feed 
(USFWS and USNPS 2007a).  Desired conditions 
include animals relying predominantly on native 
habitat and cultivated forage. Important 
consideration criteria for implementing Phase 2 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
private lands during high risk disease 
transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 
 

This Plan focuses on management actions to 
initially achieve Phase 1 objectives. However, if 

Table 1.  2007 Bison/Elk Management Plan 
Goals and Objectives (Adaptive Management 
Plan objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and 

cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives: 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 

• Phase reduction of animals on feed: 1) 
to 5,000 elk and 500 bison, and 2) elk 
and bison rely predominantly on native 
habitat. 

• Maintain natural bull-to-cow ratios in 
park summer herd. 

• Ensure a genetically viable bison herd 
with close to an even sex ratio. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 
11,000. 

• Maintain a genetically viable bison 
population of about 500 animals. 

Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk 
from elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

• Educate hunters about wildlife disease 
human health hazards. 
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successful, these actions will continue to be used 
to achieve the Phase 2 objective of reducing 

reliance on supplemental feeding while 
considering the six criteria listed above.      

 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 

and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The 
management stepdown approach will necessarily 
be one of investigation, constant evaluation, 
modifications to approach when indicated, and 
repeated trials (Fig 4).  As such the approach will 
also be experimental,  guided by rigorous analysis 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,200 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 
to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000, but because the proportion of the 
Jackson Elk Herd that winters on NER has 
increased dramatically (Fig. 6), this will make 
achieving the Phase I objective of 5,000 elk on 

feed and any future elk population reductions 
more difficult.   Preliminary modeling suggests 
that the increasing proportion of the Jackson Elk 
Herd wintering on NER has been associated with 
1) changes in elk winter distribution associated 
with wolves and 2)high numbers of elk that 
summer immediately adjacent to NER (Cole and 
Foley et al. 2015).   
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013. In recent years irrigation of approximately 
3,600 acres has increased refuge-wide forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone, and by 15% in the southern 
portion of NER which receives the greatest use by 
elk and bison. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes will have implications for elk 
and bison management. 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.  
 
 Chronic Wasting Disease 
Supplemental feeding has occurred in all but 9 
winters on NER since 1912, and although this 
strategy minimizes winter elk mortality from 
starvation and contributes to Wyoming state elk 
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herd objectives, elk occur at numbers and 
densities well in excess of carrying capacity 
(Smith et al. 2004, Lubow and Smith 2004).  
Considerable evidence suggests that Chronic 
Wasting Disease (CWD) transmission and 
prevalence are density dependent (Peters et al. 
2000, Williams et al. 2002).  Monello et al. (2014) 
found that elk densities of 15-110 per square km 
in Rocky Mountain National Park were associated 
with 13% CWD prevalence, and they predicted 
elk population declines when CWD prevalence 
exceeded 13%. NER elk densities commonly 
exceed 160 per square km (NER unpublished 
data), which suggests that the introduction of 
CWD to NER elk would have significant negative 
population effects over time. 
 

Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs/ac. Historic radio 
telemetry data and observations of elk 
movements indicate that when available forage 
delclines below 300 lbs/ac., some elk leave NER 
for surrounding private lands. Therefore, the 
purpose of this feeding trigger is to keep elk on 
the NER and prevent them from searching off-
refuge for forage which increases the potential of 
comingling.  This trigger is not a warning that a 
significant nutritional deficit threshold has been 
reached.  Available winter forage for elk and 
bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2015, relative to the current objective. 
  OBJECTIVE 2011 2012 2013 2014 2015 mean 
NER 5,000 7,746 7,360 6,285 8,296 8,390 7,615 
Gros Ventre 3,500 2,775 3,265 2,982 2,326 1,162 2,502 
Native Range1 2,500 982 894 1,784 801 913 1,075 
Total 11,000 11,503 11,519 11,051 11,423 10,465 11,192 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 
 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56, range 329-457) hunters harvested 161 

(SD = 38, range 126-225) elk per year during the 
NER hunt.  

The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 8).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5, 
range 139-301) bison per year.  This level of 
harvest has been sufficient to arrest the 
exponential growth of the population, reducing 
bison numbers from the peak in 2007 to about 
700 animals in winter 2015 (Fig 3). Tribal bison 
harvest of up to 5 animals for ceremonial 
purposes was authorized in the BEMP.  
Translocation of wild bison to lands outside of 
Teton County is not currently permitted due to 
brucellosis concerns.  
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Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions.  
 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER year around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 

and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease several days to weeks before the 
bison hunting season in an effort to increase 
hunter harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 
implementation, followed by what remains to be 
accomplished] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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  Figure 8.  Elk harvest in Grand Teton National Park, 
  1950-2015. 

0

200

400

600

800

1000

1200

El
k 

ha
rv

es
te

d

Year



 

 12  
 

  
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
occurs one day in early February and includes 
ground counts of animals on feed at the NER and 
aerial counts of outlying bison across their winter 
ranges on the refuge, park, and Bridger-Teton 
National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 

that winter would equal 5,000 elk X 100 days = 
50,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 25,000. 
 
We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 
bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Implementation of the AMP will have successfully 
attained the objective of “transitioning from 
intensive supplemental winter feeding to greater 
reliance on free-standing forage” when 
supplemental feeding was not used for more 
than 50% of the years in a 5 year period. 
 
Initial success of AMP implementation will be a 
consistent decline in the 3-year running average 
of elk and bison fed days from the established 
baseline. While the BEMP did provide specific 
measurement criteria for the definition of 
“transitioning from intensive supplemental 
winter feeding to greater reliance on free-
standing forage” we will consider this objective 
met when the 3-year running average of elk and 
bison fed days is <50% of baseline for 5 years in a 
row.   

Commented [S3]: SK’s draft. 

Commented [S4]: SC’s alterative in this paragraph, recognizing 
that the 50% number is the crux and a glaring target. 
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Several management constraints are common to 
the strategies discussed below (Table 3).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements 
in GTNP.  Similarly, compliance with the 
Wyoming greater sage-grouse core area 
protection executive order (2011-5) could restrict 
habitat manipulations.  NEPA compliance 
conducted as part of the BEMP/EIS constrains 
what federal actions can be taken as a part of this 
plan.  State regulations constrain late (winter) 
hunt and carcass disposal timing to protect 
against brucellosis contamination, since 
February-April represent the period bison and elk 
are most likely to transmit the disease.  
Restrictions on hunting timing also result from 
BTNF winter range closures, immediately east of 
the NER and elsewhere, December 1 to April 30.  
Additional details about these and other 
constraints will be included in discussions about 
specific strategies that follow. 
 
Strategies 
 
This section will describe the management action 
this AMP proposes to implement.  As such, it 
unveils the heart of management changes 
necessary to begin the process of transitioning to 
more reliance of bison and elk on native forage 
during winter.  Fundamentally, the strategies 
discussed in this plan represent an experiment 
designed to achieve Phase I objectives of 5,000 
elk and 500 bison on NER and are a first step 
towards reducing reliance on supplemental 
feeding while meeting the sustainable population 
goals identified in the AMP. 
 
Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies to 
achieve phase I objectives are modifications to 
winter feeding and hunting seasons.  To a lesser 

Table 3. Summary of potential Adaptive 
Management Plan constraints.  
Policy 
• ESA1 Lynx – limits on habitat impacts 
• Greater Sage Grouse – core area protection 
• 2007 BEMP/EIS (federal actions/lands) 

o No fertility control 
o No test and slaughter 
o Limited tribal harvest 

• Bison/elk hunt end date (Feb. 1st)  
o WGFD, brucelosis safety 

• Carcass disposal (Feb. 15th) 
o WGFD, brucellosis safety 

• Forest Service winter closure  
(Dec. 1st – April 30th) 

• Easement limitation (NER boundary) 
Winter Feeding 
• Only during non-hunting periods 
Harvest 
• State regulations 
Vegetation Restoration/Protection 
• Bison/elk distribution 
• Exotic plant species management 
Private Lands  
• Owner agreements 
Social 
• Hunter density (safety; hunt quality) 
• Elk/bison winter mortality levels 
• Public safety (ungulate/vehicle collisions) 
• Disease  
• Land-use conflicts (agricultural and  

residential) 
Biological 
• Disease (bison/elk/cattle commingling) 
• Sage grouse habitat conflicts 
• Fencing/wildlife conflicts 
• Elk herd distribution 

o summer segment distribution goals 
Funding 
• Easement purchase 
• Plan implementation 
1Endangered Species Act 
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extent, vegetation protection and restoration can 
be important, particularly for improving long-
term ecological balance and enhancing natural 
production of native forage.  Private lands are 
also an integral component as changes in elk and 
bison distribution occur and new challenges 
develop.  The likely consequences of 
implementing these strategies were evaluated in 
the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously and 
systematically. The strategies discussed below 
have been developed in this context, with 
appropriate feedback mechanisms through 
rigorous monitoring and frequent evaluation.  
Inability to meet this objective under the 
strategies presented here would trigger a 
thorough evaluation and development of more 
aggressive strategies. 
 
Chronic Wasting Disease 
In 2014 WGFD began the revision process for the 
Wyoming CWD Management Plan (2006). WGFD 
has cooperated with federal agencies and other 
stakeholders to revise the plan, and NER and 
USFWS Region 6 Wildlife Health Office staff 
participated in several meetings associated with 
this effort.  One goal of the CWD Management 
Plan update is to develop specific management 
responses should CWD be detected on or 
adjacent to State or NER elk feedgrounds.  Early 
detection of CWD in the JEH is essential to ensure 
an effective management response. 
 

Since 1997 NER has cooperated with Wyoming 
Game and Fish Department (WGFD) to conduct 
surveillance for CWD in the JEH unit. Although 
this effort indicates that CWD is not currently 
found in the JEH, continued surveillance at 
sample sizes sufficient to detect 1% prevalence 
with 95% confidence annually will be critical to 
ensure a timely management response and limit 
the long-term population effects of the disease 
(USFWS and NPS 2007).  Given that CWD has 
been detected within 40 miles of the JEH in 
moose, within 70 miles in deer, and within 175 
miles in elk, this level of surveillance is 
warranted.   
 
Winter Feeding 
Winter feeding actions that could be modified 
include starting date, ending date, and daily 
ration.  To modify elk and bison behavior in the 
long run, delaying initiation of feeding is likely to 
have the greatest impact by gradually 
conditioning them to expect feed later on 
average, with the desired outcome of building a 
cohort of animals that rely primarily on native 
winter range and are not food conditioned. To 
reduce supplemental feeding overall, ending 
feeding early would also help decrease the 
amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   

 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 4, Fig. 9).   Time of season could 
influence this interval, most likely shortening it as 
the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from December 30 to February 28.  Delaying 
feeding by two weeks in January, for example, is 
likely to be more successful than doing so in 
February, when food stress and tendency for 
animals to move to private lands is greater.  
Forage availability could also have an influence, 
particularly if a freeze thaw event resulted in an 
acute and large reduction in available forage.  
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Both time of season and forage availability 
considerations would be affected by the numbers 
of elk and bison on the NER.  And finally, the 
distribution of animals, particularly on private, 
livestock producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer because of being displaced by 
more dominant animals.  Monitoring programs 
will include measures of calf mortality and it will 
be an influencing parameter in feedback 
mechanisms.  The BEMP anticipated that elk 
mortality could increase from 1-2% overall to 1-
5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32% based on an average 
feeding season length of 9.3 weeks from 1995-
2015. 
 
The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites and on-going measurements at those sites 
throughout the winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 

hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 4).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 
Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNP summer segment (since most 
park bulls migrate to the NER) would help inform 
levels of take proposed.  Bow hunting in areas 
currently closed to firearms will likely increase 
harvest by eliminating “no-hunt” areas which can 
become sanctuaries for large numbers of elk. 
Shifting the hunt one week later is consistent 
with later migrations and will improve harvest 
effectiveness. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has lead to significant increases of winter 
elk concentrations on the NER.    
 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
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Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 4).  Consideration would be given to later 
hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, State 
quotas will likely be reduced and management 
flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Serious consideration should be given to reducing 
the bison herd population objective in the future.  
This would lower winter forage consumption on 
the NER and help reduce elk and bison winter 
concentrations.    
 

The current bison herd objective is “. . . maintain 
and ensure a genetically viable population of 
approximately 500 animals (five-year average), 
with as close to an even sex ratio as possible to 
maximize maintenance of genetic variation over 
time. . .” (BEMP p. 136).    
 
The Jackson bison herd is not considered part of 
the U.S. Fish and Wildlife Service’s meta-
population approach to bison conservation 
because of its high prevalence of brucellosis.  This 
disease prevents the export of Jackson bison to 
other DOI conservation herds. 
 
The 500 bison population objective was set 
primarily to preserve existing genetic diversity 
assuming extremely limited natural genetic 
transfer with the Yellowstone or other DOI bison 
conservation herds.  Genetic diversity can be 
maintained for a Jackson bison herd less than 500 
if bison with desirable genetic diversity are 
periodically imported from other DOI bison 
conservation herds.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 
spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Figs. 9 and 10). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   
 

 

Figure ?. The annual fall/winter arrival of elk to 
the NER during the past several decades has 
been occurring progressively later.  This trend 
may necessitate extending the elk hunting 
season later into the year to achieve harvest 
objectives. 
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Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 
Several strategies would be employed to mitigate 
potential problems (Table 4), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 
purchase private lands easements to prevent co-
mingling. A vital component in implementing 
these mitigation measures is to establish three 
seasonal Wildlife Conflict Technician positions 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the AMP 
(see Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMP mitigation efforts.  
 
Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    

 
Vegetation Restoration/Protection 
 
[NER and GTNP staff to draft material] 
 
Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 
 
A private lands Hunting Coordinator Position 
would be established and supervised by the 
WGFD to promote and coordinate hunting 
activity focused on Southern Herd Segment 
harvest in and around private lands in the Spring 
Gulch Area north to Moose, WY (Hunt Area 78).    



 

 18  
 

Table 4 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold  <= 10%  
  Elk/bison distribution - visual    
  Elk/bison distribution –  
  collars 

   

  Winter mortality    
  Elk summer range 
  proportions 

   

    
Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 
   Structure  - 1 week initial drawing 

- 1 week left over 1st 
served 
- partial week alternate 

- 1 week initial drawing 
- 1 week left over 1st 
served 
- partial week alternate 
- daily 1st served 
alternates 

 

1Number elk and bison on feed per day, totaled by feeding season. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   Landscape damage    
   Easement acquisition    
    
Vegetation Restoration/ 
Protection: Elk Refuge 

   

    
Vegetation Restoration/ 
Protection: Grand Teton 
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Figure 9.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure  10. [example] Framework for harvest strategy and adaptive management. 



 

 22  
 

Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMP (Table 5).  Since they were not part of the 
ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management plan, and thus they are 
not being considered at this time.   

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation and cessation of winter feeding). Fig. 11 
describes possible factors that affect winter elk 
distribution (the proportion of elk on NER 
feedgrounds versus native winter range). Models 
will be used to identify the relative influence of 
our principal management strategy (a reduction 

in feed season length) and other factors on 
winter elk distribution (Appendix 3).  Over time 
this will allow us to assess whether changes in elk 
distribution were the result of our management 
actions or due to factors outside of our control.  
 
An increase in calf elk winter mortality is a 
potential result of reduced feed season length.  
Fig. 12 portrays factors that influence winter calf 
elk survival on NER.  
 

Table 5.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due 

to major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest 
herd segment in Hunt Area 78 on private lands, where 
federal agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for 
AMP because current hunting programs appear effective 
at slowly moving the herd toward the 500 animal herd 
objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands 
because current hunting programs that utilize sport 
hunters are effective at meeting herd objectives. 

Altering rations of supplemental feed Rejected as a strategy because reducing daily feed ration 
below 8 lbs/elk would be enough feed to encourage elk to 
remain on NER but would result in unacceptably high elk 
calf mortality rates. 
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Models will be used to assess the effects of 
available forage on winter calf elk survival 
(Appendix 4).  Over time this will allow us to 
assess the effects of our principal management 
strategy (reducing feed season length) relative to 

other factors on elk calf survival and potentially 
adjust our management actions based on model 
results. 
  

 
  

 

Figure 11.  Influence diagram depicting factors (including management actions) influencing outcomes 
identified in the Bison and Elk Management Plan (BEMP; USFWS 2007a). Gray hexagons represent outcomes, 
rectangles represent management actions, rounded rectangles represent factors with numerical objectives, 
and ovals represent factors outside of management control. Bolded polygons and arrows represent outcomes 
and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed rectangle) 
is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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MONITORING  
 
Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers; and 3) extending the monitoring 
period later in the winter to assess the 
relationship between available forage and elk and 
bison distribution. 
 
To better represent the total amount of forage 
available on the southern half of NER, a 

subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional random sample sites 
stratified by elk habitat preference will be added.   
Historic elk distribution mapping and elk GPS 
collar data (NER unpublished data) suggest that 
the areas most preferred by elk on southern NER 
are associated with moderate to high forage 
production and green vegetation.  Because the 
distribution of forage production and greenness 
characteristics vary annually based on irrigation 
and precipitation patterns, we will annually map 
areas preferred and not preferred by elk and 
sample sites will be randomly selected within 
each of these mapped categories.   At least 3 
historic key index sites, 3 random sites in areas 
preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 

 

Figure 12. Influence diagram depicting factors (including management actions) influencing bison and elk fed 
days on the National Elk Refuge (see text for description) and winter calf elk survival. Gray hexagons represent 
outcomes, rectangles represent management actions, rounded rectangles represent factors with numerical 
objectives, and ovals represent factors outside of management control. Bolded polygons and arrows represent 
outcomes and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed 
rectangle) is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average 
forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the 
monitoring period will be extended to include the 
intervening 2 weeks.   
 
Proportion of Elk Wintering on NER 
 
A principal AMP goal is to reduce the number of 
elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 
each year, we will calculate the proportion of 
total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 

running average post AMP implementation to the 
pre-implementation baseline.  The pretreatment 
baseline will be comprised of data from 2008-
2016, a time period that represents BEMP 
implementation prior to AMP actions (Figure 13).   
 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMP implicitly assume that the 
transmission rate and prevalence of elk and bison 
diseases are density dependent and positively 
correlated with the number of elk and bison 
utilizing feedgrounds and the number of days 
they are fed.  We further assume the variables 
elk-fed-eays (EFD) and bison-fed-days (BFD) are a 
proxy for these conditions. EFD and BFD will be 
calculated annually for each species based on the 
following formulas:  
 
 
 

 

Figure13. Proportion of the Jackson Elk Herd that was 
classified on NER feedgrounds in the period following 
implementation of the Bison and Elk Management Plan 
and prior to the implementation of the Adaptive 
Management Plan (2008-2015).  These values 
represent the pretreatment baseline which will be 
compared to the 3 year running average post AMP 
implementation. 
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EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 
 
BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 

comparing the 3-year running average post AMP 
implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account for wide annual variation in EFD and BFD 
associated with winter severity (Fig. 14) 
 
Elk Winter Mortality Monitoring 
 
NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMP implementation, 
which will allow trend comparisons to the pre 
AMP baseline (Figure 15).  Under the AMP 
framework, we believe the 3 year running 
averages for total and calf winter elk mortality 
will be within the range of variation exhibited by 
the pre AMP baseline.  Historic monitoring 
suggests that calf and total mortality are sensitive 
to winter severity and disease outbreaks, and 
that winter mortality occasionally exceeds >3% 
total mortality and >10% calf mortality.  Post 
AMP mortality in excess of these levels may 
warrant shortening the 2-week feeding initiation 
delay in subsequent years. 
 
Elk Collaring 
 
One of the AMP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas.  To quantify this effect and provide real 
time information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 
sample of 50 GPS collars on elk that winter on 
NER throughout the AMP implementation period.  

 

 
 
Figure14. Elk Fed Days (EFD) and Bison Fed Days 
(BFD) in the period following implementation of the 
Bison and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 
3 year running average EFD and BFD post AMP 
implementation. 
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Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This 
sample size will not be sufficient to detect all elk 
movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk 
movements from NER to surrounding private 
lands will increase during the AMP 
implementation period compared to the pre-
treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 
is the season when changes to the NER feeding 

program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 
Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 
need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis 
process includes brucellosis seroprevalence, 
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 
Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post AMP 
implementation.  There are no recent brucellosis 
seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk 
collaring operations in winter 2016, and each elk 
will be tested for Brucellosis exposure.  The 2016 
Brucellosis seroprevalence rate will be the pre-
treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 
introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 

 

Figure15. Total and calf elk winter mortality (%) on NER 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the pretreatment 
baseline which will be compared to the 3 year running 
average post AMP implementation. 
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management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 
CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 

technicians working from September-December 
are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 

 

 
EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 
strategies outlined in this plan will be in place for 
a minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 

an annual adaptive management update/report, 
completed by NER staff by the end of March for 
the previous year.  
 
Investigating the potential effects of climate 
change on elk and bison management will be 
important in the long-term.  During 
implementation of this plan, we will collect a 
variety of data that can be drawn upon for this 
purpose.  

 

PUBLIC OUTREACH AND EDUCATION  
The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMP 
implementation.  The practice of feeding elk 

evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMP in order to gain general 
consent to modify longstanding elk/bison herd 
management methods.   
 
A detail communication plan to guide outreach 
and education efforts can be found in Appendix 3. 
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SCHEDULE 

 

 

Table 7.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 

 

 

Table 6.  Adaptive Management Plan proposed schedule. 
Action Date 

GPS Collar 30-40 elk prior to strategy implementation (Iridium platform) February 2016 

Public outreach and education March 2016 

Initiate private lands conflicts mitigation contacts/actions March 1, 2016 

Implement enhanced forage monitoring  March 1, 2016 

Initiate changes in supplemental feeding protocol January 2017 

Monitoring/Evaluation/Annual Report June 2017 

 



 

 30  
 

BUDGET 

Table 8. [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Seasonal Biological Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 
     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment distribution1      
     Expanded standing forage estimates1      
     Chronic Wasting Disease, 2 seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 
     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; Iridium Platform $115,000 $25,000 $25,000 $25,000 $25,000 
Bison barrier at NER south entrance $80,000 $1,000 $1,000 $1,000 $1,000 
Adaptive Management Plan annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 
Private lands:      
     Easements / Acquisition      
     Damage reimbursements (Wyoming)      
     Conflict mitigation coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 
Vegetation restoration/protection1      
Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 

Subtotal      
Grand Teton National Park:      
Monitoring:      
     Summer elk classification/distribution      
     Hunter harvest      
     Harvest age distribution      
     Transition range forage production/utilization      
Vegetation Restoration/Protection      
     Temporary bison fencing      
     Hayfields restoration      
     Exotic plant mitigation      
     monitoring      
Elk Reduction Program      

Subtotal      
Wyoming Game and Fish Department:2      
Private lands:       
     elk harvest coordination      
     Easements / Acquisition      
     Damage reimbursements      
     Conflict mitigation coordination      

Add additional lines and categories as needed 
Subtotal      

Grand Total      
1 See detail in Appendix      
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APPENDIX 1.  Summary of primary potential impacts associated with reduced supplemental feeding, 
as identified in alternative 4 environmental consequences section of the Final Bison and Elk 
Management Plan/Environmental Impact Statement (USFWS and USNPS 2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing 

supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter 

forage production, assessments of forage utilization (done jointly by WGFD and NER personnel), 
elk condition and movements, and potentially on the January 1 index of winter severity 
calculations for elk (Farnes, Heydon, and Hansen 1999). 

• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition 

(negligible adverse effect on NER elk from lower nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the 

bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would 

increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider 
distribution. 

• Elk use of lands surrounding the NER would increase, including: 
o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNP 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and 
Gros Ventre segments. 

• As ungulate numbers decreased and supplemental feeding was reduced, competition and 
aggressive social interactions on the refuge would also be reduced. 

• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability 
would have a greater influence on numbers, movements, distribution, and mortality. 

• More elk would be subject to natural factors affecting mortality, including loss of body 
condition, predation, and starvation. 

• Increased mortality on and off the refuge would mainly affect older elk and calves, and some 
prime bulls entering the winter energetically stressed due to rut activities. 
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• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 

1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due 
to tuberculosis, septicemic pasturelosis, and CWD. 

• The health and sustainability of the Jackson elk herd would be increased gradually as 
supplemental feeding was reduced and there was greater reliance on standing forage and wider 
ungulate distribution. 

• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and 

potential transmission of brucellosis, as well as potential for spread of diseases not yet in the 
population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, 
to coordinate actions that would prevent conflicts due to elk dispersal and to defray costs of 
managing potential conflicts. Preventing access to food/hay rewards on private lands would be 
vital for effective management. 

• Private land conservation easements within NER boundaries would promote wider distribution.  
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APPENDIX 2.  Monitoring Supplemental Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured at every 5 steps along the random bearing 
determined for each site.  At each subplot a 13.27” diameter metal sampling ring will be placed on the 
ground. The amount of forage available to elk within the sampling ring (dry weight in grams) will be 
visually estimated.  The 13.27” diameter subplot allows easy conversion from grams to lbs. per acre 
(each gram is equivalent to 100 lbs. per acre). During annual forage production sampling, refuge 
biologist Eric Cole has made approximately 1,000 of these visual estimates per year for 17 years, and 
33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will be the 
principal estimator, but additional personnel will be trained in these techniques to provide redundancy 
in the event of personnel changes, and to increase the number of observers to facilitate estimation of 
error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward when 
snow cover is limited, but estimating how much of the forage is accessible to elk when snow is dense, 
deep and crusted can be subjective.  To decrease the subjectivity of the estimation process, if the area 
under the sample ring is covered with snow, only forage that can be exposed with a gloved hand will be 
included in the estimate of available forage.  Forage that is fouled with manure and/or flush with the 
ground due to trampling and/or encrusted in ice will not be included in the estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an equivalent 
lbs./acre value (1 gram=100 lbs./acre).   The arithmetic mean of available forage (lbs./acre) for the 10 
subplots provides an estimate of available forage for each index site.  There are 3 sample site categories: 
1) Historic  Key Index Sites that have been used since 2007, 2) New randomly selected sites within areas 
preferred by elk, and 3) New randomly selected sites in areas not preferred by elk.  Historic key index 
sites were not randomly selected, but were instead selected to represent areas most preferred by elk on 
the south end of NER.  These were the sites used to determine when supplemental feeding would be 
initiated from 2007 until the implementation of the AMP.  To facilitate comparison with pre-AMP data, 
we will continue to use mean lbs. per acre across historic key index sites to determine the 300 lbs. per 
acre threshold.  However, post AMP implementation we will delay feeding initiation by 2 weeks once 
the 300 lbs./acre level has been reached.  We will concurrently sample at randomly selected sites 
stratified on an annual basis between areas highly preferred and not highly preferred by elk.  This will 
enable us to quantify the relationship between mean forage availability at historic key index sites and 
random sites over time. 
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APPENDIX 3.  Communication Plan 
 
Communication Goals 
 
Prior to the Adaptive Management Plan’s Implementation 
 
• Utilize a variety of outreach methods to inform the public on the goals and timing of the Adaptive 

Management Plan’s implementation and possible effects on wintering herds. 
• Utilize a variety of outreach methods to inform the public on public comment opportunities. 
• Identify and coordinate key messages and outreach with USFWS regional and national offices, State and 

federal agency partners, non-profits, elected officials, and other identified audiences. 
 
During the Adaptive Management Plan’s Implementation 
 
• Continue to utilize a variety of outreach methods to describe current management actions as well as 

measurable and noticeable changes on the landscape, in animal behavior, or in animal health. 
• Provide a comprehensive overview of the Adaptive Management Plan by providing links and references 

to previous outreach and background information. 
 
Communication Objectives 
 
• Work with current media contacts to promote news of the Adaptive Management Plan via print, radio, 

Web, and social media platforms. 
• Utilize new media and social media tools to provide information on why the Adaptive Management Plan 

was developed, what public comment opportunities exist, and how the plan is being implemented. 
• Plan, coordinate, and execute public meetings to allow for public comment and questions on the plan. 
• Develop and provide methods for the public to submit written comments on the Adaptive 

Management Plan. 
• Monitor print media on Refuge elk and bison management to see how Adaptive Management Plan 

objectives and reactions are being portrayed to the public. 
 
Current Outreach Resources 
 
• National Elk Refuge web site 
• National Elk Refuge news release list 
• (approximately  300 contacts) 
• National Elk Refuge Twitter site (1,039 followers) 
• Bison and Elk Management Plan web site (http://www.fws.gov/bisonandelkplan/) 
• Space for an 11” x 17” poster in the Visitor Center on Refuge management topics 
• Display panels in the Visitor Center theater for temporary displays 
 
Available Supporting Outreach Resources 
 
• USFWS Mountain–Prairie External Affairs staff 
• USFWS Mountain–Prairie web site, including the 
• “Top Stories” feature 
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• USFWS Mountain–Prairie Twitter site USFWS Mountain-Prairie Region Facebook page 
• USFWS National Wildlife Refuge System 
• Facebook page 
• USFWS Facebook page 
 
Previous Outreach Efforts 
 
• NER routinely writes and disseminates news releases on Refuge management activities, including the 

Comprehensive Conservation Plan, supplemental feeding, herd health monitoring, and forage 
production.  

• Post the above news stories as Content. 
• Management System (CMS) articles. 
• Post CMS news story promos so they prominently appear on the home page, linking readers to the 

articles. 
• Send out Twitter messages linking viewers back to the news stories. 
• Prepare, upload and provide links to Adobe PDF versions of news stories with addtional photos where 

additonal images are available and/or help understand or visualize the content. 
• Utilized the Conservation link on the web Content 
• Management System to post information about 

the Bison and Elk Management Plan and the draft Comprehensive Conservation Plan. 
• Retained and provided a link to the original Bison and Elk Management web page (http://www.fws. 

gov/bisonandelkplan/) that was developed during the planning process. The web site includes links to 
the Final Plan/EIS, Record of Decision, Federal Register Notice of Availability for both the Record of 
Decision and Final Plan/EIS, associated news releases, public meeting highlights, and other related 
documents. Note: the National Elk Refuge does not manage the site. 

 
Additional Outreach Opportunities 

 
• Public meetings in Jackson and other identified locations. 
• Service produced video; video could be posted to the National Elk Refuge’s multimedia web page, or 

USFWS Mountain–Prairie home page “Top Video” feature. 
• Live radio interview on KHOL (Jackson, WY radio) 
• Wyoming Public Radio interview with Refuge management staff 
• Interviews with local print media sources 
• Updates at community leader meetings such as Rotary Club, Jackson Hole Chamber of Commerce board 

meetings, and interagency breakfast meetings (with Federal agencies and local elected officials). 
 
Target Audiences 
 
Internal 
• Regional and National USFWS Leadership 
• Refuge permanent staff 
• Refuge seasonal staff 
• Refuge volunteers 
 
External 
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• Congressional representatives 
• State of Wyoming leadership 
• Federal agency partners, particulary Grand Teton National Park and the Bridger–Teton National Forest 
• Wyoming Game & Fish Department 
• Other NER partners, including county and town agencies and local nonprofit organizations 
• Local elected officials 
• Private landowners in proximity to the National 
• Elk Refuge or neighboring Federal lands 
• Tribes 
• Local and state media 
• Local public 
 
Key Outreach Topics 
 
• Overview of BEMP objectives 
• Strategy to change elk/bison behavior 
• Threat of disease 
• Natural mortality rates 
• Anticipated winter distribution changes for bison/elk 
• Mitigate negative effects on private lands 
• Change elk behavior and distribution while avoiding increased mortality. 
• Explain the historic reasons a supplemental feeding program began and why it was continued.   
• Explain the NER’s limited large ungulate carrying capacity and the disproportionate impact of bison 

on available forage; 3 elk = 1 bison. 
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APPENDIX 4.  Models 

Elk winter distribution model 
 
The proportion of the JEH that winter on the NER will be linked to factors hypothesized to influence elk 
winter distribution (Fig. 2) using a generalized linear mixed effects model (GLMM). A GLMM can account 
for a proportional response variable (i.e., constrained to the interval 0–1) using a log link and binomially-
distributed errors. A GLMM also includes fixed and random effects, with the latter capturing residual 
model variance otherwise not explained by fixed effects. Year will be including as a random effect, 
providing several benefits. First, we don’t assume years are independent and comprise all of the factor 
levels of interest. Instead, the effect of year is treated as a random variable, with individual year effects 
realizations of that distribution. This allows inference to non-sampled factor levels, i.e. years, by 
estimating a latent population-level proportion of elk expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect can be considered a latent variable describing elk 
behavior manifested as observed winter distribution. Second, because year effects are not treated as 
independent, estimated effects of year on the proportion of JEH elk wintering on the NER are 
dependent on all factor levels, leading to greater precision when estimating individual year effects (Kéry 
2010).  
 
The full GLMM incorporating fixed effects for each factor identified as influencing elk winter distribution 
(Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 + 
𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝑆𝑆𝑡𝑡 + 𝜀𝜀𝑡𝑡 

 
where the random intercept and residual model variance are 
 
𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0

2 ), and 
 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
 
Fixed effects include 1) per capita available forage at initiation of winter feeding (AFI) , 2) proportion of 
the JEH that are short-distance migrants (SDM), 3) number of wolf packs present on JEH native winter 
range (WP), 4) growing season (May–August) precipitation for the Wyoming Snake Drainage climate 
division (GSP; a proxy for available forage on native winter range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. (2003) has as an output weekly available forage biomass 
for the NER (sum of predictions for 30 × 30 m cells). These predictions account for snow conditions using 
a proxy of SWE and decrement total available biomass by 35% to account for unpalatable plants within 
the total estimate.  
 
While calf survival is a function of multiple factors (Fig. 3), the primary management action influencing 
calf survival is supplemental winter feeding. Current winter feeding initiation criteria lead to calf survival 
generally higher than in unfed populations. Proposed feeding initiation criteria will result in later 
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initiation of supplemental feed, which will be most influential to calf survival. There is currently little 
understanding regarding the relationship between initiation of winter feeding and calf survival, except 
that current feeding initiation criteria result in high calf survival. We believe a threshold level of 
available forage at initiation of winter feeding exists such that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized to decline quickly with reductions in available forage 
at winter feeding initiation. Available forage at the initiation of winter feeding will be related to on elk 
calf winter survival using a saturating function (i.e., Holling type-II functional response; Fig. 6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf survival is related to available forage. Maximum calf survival 
is a, and b represents the value of available forage to an individual when survival is 50% of a (Hilborn 
and Mangel 1997).  
 
Although this approach doesn’t capture forage deficits per se, it does provide a potentially sensitive 
proxy for this concept. It is assumed that a forage deficit for calves would occur at a point on the curve 
of the relationship between calf survival and available forage at initiation of supplemental feeding. 
Modeling the response of winter calf elk survival to changes in feeding initiation criteria facilitates our 
ability to maximize the influence of feeding initiation criteria on winter distribution while minimizing the 
likelihood of a large mortality event.   
 

 
 Hypothesized relationship between winter survival of elk calves and per capita available forage at initiation of 
winter feeding on the National Elk Refuge.  
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EXECUTIVE SUMMARY  
Overview 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands, focused on four broad goals related to: 1) 
habitat conservation; 2) sustainable populations; 
3) numbers of elk and bison; and 4) disease 
management.  The final plan directed the NER 
and GTNP (in conjunction with the Wyoming 
Game and Fish Department; WGFD) to maintain 
the state’s elk herd objective of 11,000, establish 
a bison population objective of 500, restore 
habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
GTNP elk reduction program when necessary,  
allow the WGFD to continue to vaccinate elk and 
bison for brucellosis using existing vaccines until 
more effective vaccines become available, and 
develop a dynamic framework and adaptive 
management plan for decreasing the need for 
supplemental feeding on the NER. This Bison and 
Elk Management Stepdown Plan was developed 
to address the latter and specifically addresses 
the criteria for a structured framework referenced 
in the Record of Decision. 
 
Background 
Winter feeding of elk in Jackson was originally 
initiated to reduce winter mortality of elk and 
minimize depredation of ranchers’ hay.   The loss 
of available winter range in Jackson Hole due to 
new ranching operations and a growing town 
resulted in significant numbers of elk dying during 
several severe winters in the late 1800s and early 
1900s. This prompted local citizens and 
organizations, as well as state and federal officials 
in Jackson Hole, to begin feeding elk in the winter 
of 1910–11. Congress heeded the appeals for 
assistance and on August 10, 1912, established 
the National Elk Refuge. Today, the need for the 
refuge’s winter elk feeding program is a direct 
result of reduced access to significant parts of elk 

native winter range, loss of historic migration 
patterns, behavioral conditioning of elk to winter 
feeding, and the desire to maintain a population 
objective established in the context of 
supplemental feeding. 
 
Bison, which were extirpated outside Yellowstone 
National Park (YNP) by the mid-1880s but 
reintroduced to Jackson Hole in 1948, discovered 
elk feedlines in 1980 and began a long, sustained 
period of population growth.  Bison and elk that 
winter on the NER are migratory and occupy 
summer ranges predominantly to the north and 
on GTNP and Bridger-Teton National Forest lands. 
 
Objectives 
This management stepdown plan addresses 
several objectives under a broader BEMP goal of 
sustainable populations, which directed the 
agencies to: 1) Develop an adaptive management 
plan for reducing NER supplemental feeding; 2) 
[implement a] phased reduction of animals on 
feed: a) to 5,000 elk and 500 bison, and b) [to a 
point where] elk and bison rely predominantly on 
native habitat; 3) maintain natural elk bull-to-cow 
ratios in the GTNP summer herd; and 4) Enhance 
public outreach/education.  The BEMP further 
stated that consideration criteria for 
implementing the 2nd phase of reduced feeding 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on  private 
lands during high risk disease transmission 
periods, 4) maintaining desirable winter 
distribution patterns of elk and bison, 5) the 
prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 



 

Strategies 
 Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and, during some years, abundant. Attempting to 
modify this behavior on a large scale is 
unprecedented and will necessarily require 
investigation, constant evaluation, modifications 
to approach when indicated, and repeated trials.   
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels. 
 
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly the number 
of animals on feed. Since we are most interested 
in the intensity of supplemental feeding, which 
includes both the number of animals on feed and 
the duration of feeding, we will use a 
measurement of elk-fed-days (EFD) and bison-
fed-days (BFD) as a gauge of feeding intensity.  
For example, if 5,000 were elk fed for 100 days 
during the winter, feeding intensity for that 
winter would equal 5,000 elk X 100 days = 50,000 
EFD, whereas if 5,000 elk were fed for 50 days, 
EFD would equal 25,000.  We determined feeding 
intensity benchmarks for bison and elk-fed based 
on an actual average of 64 days of feeding from 
1995-2007.  Based on the Phase I objectives of 

500 bison and 5,000 elk, fed-days benchmarks 
equal 32,000 for bison and 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Initial success of AMP implementation will be a 
consistent decline in the 3-year running average 
of elk and bison fed days from the established 
baseline. While the BEMP did provide specific 
measurement criteria for the definition of 
“transitioning from intensive supplemental 
winter feeding to greater reliance on free-
standing forage” we will consider this objective 
met when the 3-year running average of elk and 
bison fed days is <50% of baseline for 5 years in a 
row.   
 
Chronic Wasting Disease.  CWD has been 
detected within 40 miles of the Jackson elk herd 
(JEH) in moose, within 70 miles in deer, and 
within 175 miles in elk. Continued surveillance at 
sample sizes sufficient to detect 1% prevalence 
with 95% confidence will take place.  Some 
aspects of CWD response planning could change 
depending on the outcome of the WGFD CWD 
management plan revision, which is currently a 
work in progress.   
 
Winter Feeding.  Initially, supplemental feeding 
will be delayed by approximately 2 weeks, 
depending on several variables.   Time of season 
could influence this interval, most likely 
shortening it as the feeding initiation date gets 
later.  During the last 20 years, feeding initiation 
dates, which have been based on forage 
availability, have varied from December 30 to 
February 28.  Delaying feeding by two weeks in 
January, for example, is likely to be more 
successful than doing so in February, when food 
stress and tendency for animals to move to 
private lands is greater.  Forage availability could 
also have an influence, particularly if a freeze 
thaw event resulted in an acute and large 
reduction in available forage.  Both time of 
season and forage availability considerations 
would be affected by the numbers of elk and 
bison on the NER.  The distribution of animals, 
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particularly on private, livestock producing lands, 
would also be considered.   
 
Initially, termination of feeding, which has been 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32% based on an average 
feeding season length of 9.3 weeks from 1995-
2015. 
 
Harvest.  Few options for manipulating elk 
hunting are currently available because the JEH is 
at or near the 11,000 WGFD objective.  Proposed 
changes include allowing limited any elk permits 
and consideration of a bow season near 
developments on the NER, and shifting the 
season later to better coincide with migration 
timing.   
 
Based on chronically low bull ratios in the park 
summer herd, permit types for the park’s elk 
reduction program (ERP)  went to antlerless only 
in 2012.  ERP permit structures in the park will 
remain antlerless only unless bull ratios 
consistently exceed 35:100 cows.  Park and 
refuge officials will work together to support this 
goal, recognizing that bulls harvested on the NER 
are most likely from the park summer herd 
segment. 
 
Recent trends of reduced use of traditional 
winter range and increases in short-distance 
migrant summer herd segments have led to 
significant increases of winter elk concentrations 
on the NER. While not proposed as a part of this 
plan, serious consideration should be given to 
reducing the Jackson Elk Herd population 
objective, which would provide level of harvest 
flexibility more commensurate with addressing 
these herd changes. 
 
Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little change 
under this plan.  Consideration would be given to 
later hunt end dates commensurate with delayed 

feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  While not proposed as a part of this 
plan, serious consideration should be given to 
reducing the bison herd population objective in 
the future to lower winter NER forage 
consumption and help reduce elk and bison 
winter concentrations.  Genetic diversity could be 
addressed by periodically introducing bison from 
other herds. 
 
Effectiveness of NER late-season harvest regimes 
is affected by December 1st winter closures 
immediately east of the refuge on BTNF lands.   
Extensive elk telemetry data suggest that 
delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Private Lands Mitigation.  Several strategies 
would be employed to mitigate potential changes 
in bison and elk distribution, including providing 
incentives for non-breeding cattle operations, 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, 
hazing elk/bison away from livestock feed lines, 
and purchasing private lands easements to 
prevent co-mingling. A vital component in 
implementing these mitigation measures is to 
establish three seasonal wildlife conflict 
technician positions supervised by WGFD.  
 
Vegetation Restoration. [to be completed after 
these sections are drafted in the plan] 
 
Strategies Considered But Rejected 
Strategies considered but rejected during the 
development of this plan included fertility control 
in elk and bison, agency reduction of either elk or 
bison, and altering rations of supplemental feed. 
 
Models and Monitoring 
Models will be used to identify the relative 
influence of our principal management strategy 



 

(a reduction in feed season length) and other 
factors on winter elk distribution.  Over time this 
will allow us to assess whether changes in elk 
distribution were the result of our management 
actions or due to other factors. 
 
A robust monitoring program will be necessary to 
track the effects of actions implemented under 
this plan.  Critical monitoring components will 
include: 1) enhanced forage production and 
availability sampling; 2) measuring animal 
abundance and distribution, including differences 
in sex or age classes in some cases; 3) 
determining elk and bison fed days each feeding 
season; 4) estimating winter mortality; 5) 
estimating brucellosis seroprevalence rates; and 
6) CWD surveillance.  In many cases, monitoring 
attribute baselines for the period preceding 
implementation of this plan have been developed 
for comparison after the plan is implemented.     
 
Evaluation/Future Management 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of 
management actions will be complicated by 
varying annual environmental conditions.  
Actions completed each year, the results of 
monitoring programs, and any proposed changes 
in course will be presented in an annual adaptive 
management update/report, completed by NER 
staff by the end of March for the previous year.  
 
Public Outreach/Education 
De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.  The general public and key 
stakeholder groups must understand the 
biological needs for and strategies of this plan to 
gain general consent to modify longstanding 
elk/bison herd management methods.  A detailed 
communication plan has been developed that 
identifies key messages and utilizes a variety of 
outreach methods, including print, video, and 
voice material, utilizing social media, and 

meetings with elected officials, state and local 
governments, agency and tribal partners, 
community organizations, stakeholders, and the 
general public. 
 
Schedule 
Assuming adequate funding, actions under this 
plan will begin with radio-collaring elk in February 
2016, followed by public outreach, private lands 
conflict mitigation and contacts, and enhanced 
forage monitoring in March 2016, and initiating 
supplemental feeding changes in January 2017. 
 
Budget [summarize totals by agency] 
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EXECUTIVE SUMMARY  
Overview 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands, focused on four broad goals related to: 1) 
habitat conservation; 2) sustainable populations; 
3) numbers of elk and bison; and 4) disease 
management.  The final plan directed the NER 
and GTNP (in conjunction with the Wyoming 
Game and Fish Department; WGFD) to maintain 
the state’s elk herd objective of 11,000, establish 
a bison population objective of 500, restore 
habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
GTNP elk reduction program when necessary,  
allow the WGFD to continue to vaccinate elk and 
bison for brucellosis using existing vaccines until 
more effective vaccines become available.  The 
BEMP also calls for the , and development of a 
dynamic framework and the use of strategies 
identified through an adaptive, progressive and 
collaborative approach to adaptive management 
plan for decreasing decrease the need for 
supplemental feeding on the NER. This Bison and 
Elk Management Stepdown Plan was developed 
to address the latter and specifically addresses 
the criteria for a structured framework referenced 
in the Record of Decision. 
 
Background 
Winter feeding of elk in Jackson was originally 
initiated to reduce winter mortality of elk and 
minimize depredation of ranchers’ hay.   The loss 
of available winter range in Jackson Hole due to 
new ranching operations and a growing town 
resulted in significant numbers of elk dying during 
several severe winters in the late 1800s and early 
1900s. This prompted local citizens and 
organizations, as well as state and federal officials 
in Jackson Hole, to begin feeding elk in the winter 
of 1910–11. Congress heeded the appeals for 
assistance and on August 10, 1912, established 

the National Elk Refuge. Today, the need for the 
refuge’s winter elk feeding program is a direct 
result of reduced access to significant parts of elk 
native winter range, loss of historic migration 
patterns, behavioral conditioning of elk to winter 
feeding, and the desire to maintain a population 
objective established in the context of 
supplemental feeding. 
 
Bison, which were extirpated outside Yellowstone 
National Park (YNP) by the mid-1880s but 
reintroduced to Jackson Hole in 1948, discovered 
elk feedlines in 1980 and began a long, sustained 
period of population growth.  Bison and elk that 
winter on the NER are migratory and occupy 
summer ranges predominantly to the north and 
on GTNP and Bridger-Teton National Forest lands. 
 
Objectives 
This management stepdown plan addresses 
several objectives under a broader BEMP goal of 
sustainable populations, which directed the 
agencies to: 1) Develop an adaptive management 
plana structured framework for reducing NER 
supplemental feeding; 2) [implement a] phased 
reduction of animals on feed: a) to 5,000 elk and 
500 bison, and b) [to a point where] elk and bison 
rely predominantly on native habitat; 3) maintain 
natural elk bull-to-cow ratios in the GTNP 
summer herd; and 4) Enhance public 
outreach/education.  The BEMP further stated 
that consideration criteria for implementing the 
2nd phase of reduced feeding will include: 1) the 
level of forage production and availability on the 
National Elk Refuge and adjacent winter ranges, 
2) maintenance of desired herd sizes and age/sex 
ratios, 3) the ability to effectively mitigate bison 
and elk livestock conflicts, such as co-mingling on  
private lands during high risk disease 
transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 



 

on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 
Strategies 
 Elk have been fed for some period during nearly 
every winter except eight on the National Elk 
Refuge since 1912, and bison have been fed there 
since 1980.  The attraction of highly nutritious, 
easily accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and, during some years, abundant. Attempting to 
modify this behavior on a large scale is 
unprecedented and will necessarily require 
investigation, constant evaluation, modifications 
to approach when indicated, and repeated trials.   
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels. 
 
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly the number 
of animals on feed. Since we are most interested 
in the intensity of supplemental feeding, which 
includes both the number of animals on feed and 
the duration of feeding, we will use a 
measurement of elk-fed-days (EFD) and bison-
fed-days (BFD) as a gauge of feeding intensity.  
For example, if 5,000 were elk were fed for 100 
days during the winter, feeding intensity for that 
winter would equal 5,000 elk X 100 days = 50,000 
EFD, whereas if 5,000 elk were fed for 50 days, 
EFD would equal 25,000.  We determined feeding 

intensity benchmarks for bison and elk-fed based 
on an actual average of 64 days of feeding from 
1995-2007.  Based on the Phase I objectives of 
500 bison and 5,000 elk, fed-days benchmarks 
equal 32,000 for bison and 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Initial success of AMP implementation will be a 
consistent decline in the 3-year running average 
of elk and bison fed days from the established 
baseline. While the BEMP did provide specific 
measurement criteria for the definition of 
“transitioning from intensive supplemental 
winter feeding to greater reliance on free-
standing forage” we will consider this objective 
met when the 3-year running average of elk and 
bison fed days is <50% of baseline for 5 years in a 
row.   
 
Chronic Wasting Disease.  CWD has been 
detected within 40 miles of the Jackson elk herd 
(JEH) in moose, within 70 miles in deer, and 
within 175 miles in elk. Continued surveillance at 
sample sizes sufficient to detect 1% prevalence 
with 95% confidence will take place.  Some 
aspects of CWD response planning could change 
depending on the outcome of the WGFD CWD 
management plan revision, which is currently a 
work in progress.   
 
Winter Feeding.  Initially, supplemental feeding 
will be delayed by approximately 2 weeks, 
depending on several variables.   Time of season 
could influence this interval, most likely 
shortening it as the feeding initiation date gets 
later.  During the last 20 years, feeding initiation 
dates, which have been based on forage 
availability, have varied from December 30 to 
February 28.  Delaying feeding by two weeks in 
January, for example, is likely to be more 
successful than doing so in February, when food 
stress and tendency for animals to move to 
private lands is greater.  Forage availability could 
also have an influence, particularly if a freeze 
thaw event resulted in an acute and large 
reduction in available forage.  Both time of 
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season and forage availability considerations 
would be affected by the numbers of elk and 
bison on the NER.  The distribution of animals, 
particularly on private, livestock producing lands, 
would also be considered.   
 
Initially, termination of feeding, which has been 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32% based on an average 
feeding season length of 9.3 weeks from 1995-
2015. 
 
The purpose of changing the feeding protocol is 
to change elk/bison behavior and establish a 
cohort of animals that are not conditioned to 
supplemental feeding and will instead utilize 
native winter range.  The desire is to 
progressively increase over time, the percentage 
of these herds that utilize native winter range.      
 
Harvest.  Few options for manipulating elk 
hunting are currently available because the JEH is 
at or near the 11,000 WGFD objective.  Proposed 
changes include allowing limited any elk permits 
and consideration of a bow season near 
developments on the NER, and shifting the 
season later to better coincide with migration 
timing.   
 
Based on chronically low bull ratios in the park 
summer herd, permit types for the park’s elk 
reduction program (ERP)  went to antlerless only 
in 2012.  ERP permit structures in the park will 
remain antlerless only unless bull ratios 
consistently exceed 35:100 cows.  Park and 
refuge officials will work together to support this 
goal, recognizing that bulls harvested on the NER 
are most likely from the park summer herd 
segment. 
 
Recent trends of reduced use of traditional 
winter range and increases in short-distance 
migrant summer herd segments have led to 
significant increases of winter elk concentrations 

on the NER. While not proposed as a part of this 
plan, serious consideration should be given to 
reducing the Jackson Elk Herd population 
objective, which would provide level of harvest 
flexibility more commensurate with addressing 
these herd changes. 
 
Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little change 
under this plan.  Consideration would be given to 
later hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  While not proposed as a part of this 
plan, serious consideration should be given to 
reducing the bison herd population objective in 
the future to lower winter NER forage 
consumption and help reduce elk and bison 
winter concentrations.  Genetic diversity could be 
addressed by periodically introducing bison from 
other herds. 
 
Effectiveness of NER late-season harvest regimes 
is affected by December 1st winter closures 
immediately east of the refuge on BTNF lands.   
Extensive elk telemetry data suggest that 
delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Private Lands Mitigation.  Several strategies 
would be employed to mitigate potential changes 
in bison and elk distribution, including providing 
incentives for non-breeding cattle operations, 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, 
hazing elk/bison away from livestock feed lines, 
and purchasing private lands easements to 
prevent co-mingling. A vital component in 
implementing these mitigation measures is to 
establish three seasonal wildlife conflict 
technician positions supervised by WGFD.  
 



 

Vegetation Restoration. [to be completed after 
these sections are drafted in the plan] 
 
Strategies Considered But Rejected 
Strategies considered but rejected during the 
development of this plan included fertility control 
in elk and bison, agency reduction of either elk or 
bison, and altering rations of supplemental feed. 
 
Models and Monitoring 
Models will be used to identify the relative 
influence of our principal management strategy 
(a reduction in feed season length) and other 
factors on winter elk distribution.  Over time this 
will allow us to assess whether changes in elk 
distribution were the result of our management 
actions or due to other factors. 
 
A robust monitoring program will be necessary to 
track the effects of actions implemented under 
this plan.  Critical monitoring components will 
include: 1) enhanced forage production and 
availability sampling; 2) measuring animal 
abundance and distribution, including differences 
in sex or age classes in some cases; 3) 
determining elk and bison fed days each feeding 
season; 4) estimating winter mortality; 5) 
estimating brucellosis seroprevalence rates; and 
6) CWD surveillance.  In many cases, monitoring 
attribute baselines for the period preceding 
implementation of this plan have been developed 
for comparison after the plan is implemented.     
 
Evaluation/Future Management 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of 
management actions will be complicated by 
varying annual environmental conditions.  
Actions completed each year, the results of 
monitoring programs, and any proposed changes 
in course will be presented in an annual adaptive 
management update/report, completed by NER 
staff by the end of March May for the previous 
year.  
 

Public Outreach/Education 
De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.  The general public and key 
stakeholder groups must understand the 
biological needs for and strategies of this plan to 
gain general consent to modify longstanding 
elk/bison herd management methods.  A detailed 
communication plan has been developed that 
identifies key messages and utilizes a variety of 
outreach methods, including print, video, and 
voice material, utilizing social media, and 
meetings with elected officials, state and local 
governments, agency and tribal partners, 
community organizations, stakeholders, and the 
general public. 
 
Schedule 
Assuming adequate funding, actions under this 
plan will begin with radio-collaring elk in February 
2016, followed by public outreach, private lands 
conflict mitigation and contacts, and enhanced 
forage monitoring and changes to supplemental 
feeding in March/April 2016, and initiating 
supplemental feeding changes in January 2017.. 
 
Budget [summarize totals by agency] 
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EXECUTIVE SUMMARY [incomplete] 

 

Overview 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands, focused on four broad goals related to: 1) 
habitat conservation; 2) sustainable populations; 
3) numbers of elk and bison; and 4) disease 
management.  The final plan directed the NER 
and GTNP (in conjunction with the Wyoming 
Game and Fish Department; WGFD) to maintain 
the state’s elk herd objective of 11,000, establish 
a bison population objective of 500, restore 
habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program, when necessary in GTNP,  
continue to vaccinate elk for and effective 
vaccine becomes available, and develop a 
dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework referenced in 
the Record of Decision. 
 
Background 
Winter feeding of elk in Jackson was originally 
initiated to reduce winter mortality of elk and 
minimize depredation of ranchers’ hay.   The loss 
of available winter range in Jackson Hole due to 
new ranching operations and a growing town 
resulted in significant numbers of elk dying during 
several severe winters in the late 1800s and early 
1900s. This prompted local citizens and 
organizations, as well as state and federal officials 
in Jackson Hole, to begin feeding elk in the winter 
of 1910–11. Congress heeded the appeals for 
assistance and on August 10, 1912, established 
the National Elk Refuge. Today, the need for the 
refuge’s winter elk feeding program is a direct 

result of reduced access to significant parts of elk 
native winter range, loss of historic migration 
patterns, behavioral conditioning of elk to winter 
feeding, and the desire to maintain a population 
objective established in the context of 
supplemental feeding. 
 
Bison were extirpated outside Yellowstone 
National Park (YNP) by the mid-1880s but in 1948 
were reintroduced to Jackson Hole when 20 bison 
from (YNP) were released near Moran, Wyoming.  
The herd remained small until discovering elk 
feedlines in 1980, when the population began 
sustained population growth.  Bison and elk that 
winter on the NER are migratory and occupy 
summer ranges predominantly to the north. 
 
Objectives 
This adaptive management plan addresses 
several objectives under a broader BEMP goal of 
sustainable populations, which directed the 
agencies to: 1) Develop an adaptive management 
plan for reducing NER supplemental feeding; 2) 
[implement a] phased reduction of animals on 
feed: a) to 5,000 elk and 500 bison, and b) [to a 
point where] elk and bison rely predominantly on 
native habitat; 3) maintain natural elk bull-to-cow 
ratios in park summer herd; and 4) Enhance 
public outreach/education.  The BEMP further 
stated that consideration criteria for 
implementing the 2nd phase of reduced feeding 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on  private 
lands during high risk disease transmission 
periods, 4) maintaining desirable winter 
distribution patterns of elk and bison, 5) the 
prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
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transitioning from winter feeding of elk and 
bison on the NER to greater reliance on free-
standing forage, while maintaining population 
and herd ratio objectives.  
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies approximately 
8,000 km2 in the upper Snake River watershed 
north of the town of Jackson (Fig. 1).  Much of the 
herd is migratory, moving between distinct 
wintering and summer ranges.  Primary wintering 
areas include the Buffalo Valley, lower elevations 
of the Gros Ventre River drainage, the National 
Elk Refuge (NER), and areas adjacent to the NER 
on Bridger-Teton National Forest (BTNF) lands.  
Summering areas occur throughout the herd’s 
range and for convenience are divided into four 
geographic regions that include Grand Teton 
National Park (GTNP), Yellowstone National Park 
(YNP), the Gros Ventre drainage, and Teton 
Wilderness (Cole 1969, Smith and Robbins 1994).   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 

“tusk hunters” and large-scale commercial 
hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER and the town 
of Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
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and federal officials in Jackson Hole, to begin 
feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 

reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and belownear its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
 
An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 
Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 
tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley (citation?), but were 
extirpated outside Yellowstone National Park by 
the mid-1880s. In 1948, 20 bison from 
Yellowstone National Park (YNP) were 
reintroduced to the 1,500-acre Jackson Hole 
Wildlife Park near Moran. The Jackson Hole 
Wildlife Park was a private, non-profit 
organization sponsored by the New York 

Zoological Society, the Jackson Hole Preserve, 
Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 
to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and a variety of feeding 
strategies are employed to help reduce  
displacementreduce displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
3).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 

sport hunt administered by WGFD.  This plan was 
halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig 3).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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USFWS 2007) considered six alternatives for 
bison and elk management focused on four broad 
goals related to: 1) habitat conservation; 2) 
sustainable populations; 3) numbers of elk and 
bison; and 4) disease management.  The primary 
management scenarios presented in the 
alternatives included the status quo, terminating 
elk and bison hunting on the NER and the elk 
reduction program in GTNP, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework listed on 
page 5 of the Record of Decision (Fig. 4).  It does 
not address other on-going bison and elk 
management actions already prescribed by the 
BEMP. 
 
The BEMP scheduled the completion of an 
Adaptive Management Plan for 2008.  However, 
litigation challenging the BEMP in 2008 led to the 
decision to postpone its development until 
litigation was resolved.  As of March 2015, two 
court rulings have upheld the 2007 BEMP and 
ROD. In a lawsuit against the  BEMP and its 
author agencies (Defenders of Wildlife et al. v. 
the U.S. Department of Interior and State of 
Wyoming 2010), plaintiffs argued that the BEMP 

violated the National Wildlife Refuge System 
Improvement Act (National Wildlife Refuge 
System Improvement Act 1997) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 
agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling 
(Defenders of Wildlife et al. v. the U.S. 
Department of Interior and State of Wyoming 
2011).   
 
National Environmental Protection Act 
Compliance 
 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   
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Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 
objectives, 2) knowledge (including descriptive 
models) of the dynamics of the system being 
managed, 3) clearly articulated management 
actions and strategies, and 4) a monitoring 
program to evaluate responses of the system to 
management actions (Walters 1986).  

 
 This step-down plan utilizes adaptive 
management planning principles but is not 
intended to meet include all of the elements 
adaptive management planning elements 
outlined in the Department of Interior Adaptive 
Management Technical Guide (2007).  This Step-
Down Plan is more accurately described as a 
“structured framework” of adaptive management 
actions that progressively transitions from 
supplemental winter feeding to greater reliance 
on free-standing forage (BEMP ROD p.5).     
 
 

 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 
goals, 20 associated objectives were addressed 
identified(Table 1).  This adaptive management 
plan addresses four objectives under the goal of 
sustainable populations (Fig. 5). 
 
In Phase 1 of the second objective, the aim is to 
reduce the average number of elk on feed to 
5,000 (while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP-adopted objective of 500. In 
Phase 2, the overall objective is to reduce the 
reliance of bison and elk on supplemental feed 
(USFWS and USNPS 2007a).  Desired conditions 
include animals relying predominantly on native 
habitat and cultivated forage. Important 
consideration criteria for implementing Phase 2 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
private lands during high risk disease 
transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a pathoutline a framework for 
progressively transitioning from winter feeding of 
elk and bison on the NER to greater reliance on 
free-standing forage, while maintaining 
population and herd ratio objectives. 
 

This Plan focuses on management actions to 
initially achieve Phase 1 objectives. However, if 
successful, these actions will continue to be used 
to achieve the Phase 2 objective of reducing 

Table 1.  2007 Bison/Elk Management Plan 
Goals and Objectives (Adaptive Management 
Plan objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and 

cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives: 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 
Suggest referring to page numbers in 
BEMP for these obj 

• Phase reduction of animals on feed: 1) 
to 5,000 elk and 500 bison, and 2) elk 
and bison rely predominantly on native 
habitat. 

• Maintain natural bull-to-cow ratios in 
park summer herd. 

• Ensure a genetically viable bison herd 
with close to an even sex ratio. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 
11,000. 

• Maintain a genetically viable bison 
population of about 500 animals. 

Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk 
from elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

• Educate hunters about wildlife disease 
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reliance on supplemental feeding while considering the six criteria listed above.      
 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and even abundant during some years.  Because 

it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The 
management stepdown approach will necessarily 
be one of investigation, constant evaluation, 
modifications to approach when indicated, and 
repeated trials (Fig 4).  As such the approach will 
also be experimental,  guided by rigorous analysis 
and design, based on abundant empirical 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, and some 
of which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,200 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 
to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000, but because the proportion of the 
Jackson Elk Herd that winters on NER has 
increased dramatically (Fig. 6), this will make 
achieving the Phase I objective of 5,000 elk on 
feed and any future elk population reductions 

more difficult.   Preliminary modeling suggests 
that the increasing proportion of the Jackson Elk 
Herd wintering on NER has been associated with 
1) changes in elk winter distribution associated 
with wolves (citation?) and 2) high numbers of 
elk that summer immediately adjacent to NER 
(Cole and Foley et al. 2015).   
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013. In recent years irrigation of approximately 
3,600 acres has increased refuge-wide forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone, and by 15% in the southern 
portion of NER which receives the greatest use by 
elk and bison. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes will may have implications for 
elk and bison management. 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.  
 
 Chronic Wasting Disease 
Supplemental feeding has occurred in all but 9 
winters on NER since 1912, and although this 
strategy minimizes winter elk mortality from 
starvation and contributes to Wyoming state elk 
herd objectives, elk occur at numbers and 
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densities well in excess of carrying capacity 
(Smith et al. 2004, Lubow and Smith 2004).  
Considerable evidence suggests that Chronic 
Wasting Disease (CWD) transmission and 
prevalence are density dependent (Peters et al. 
2000, Williams et al. 2002).  Monello et al. (2014) 
found that elk densities of 15-110 per square km 
in Rocky Mountain National Park were associated 
with 13% CWD prevalence, and they predicted 
elk population declines when CWD prevalence 
exceeded 13%. NER elk densities commonly 
exceed 160 per square km (NER unpublished 
data), which suggests that the introduction of 
CWD to NER elk would have significant negative 
population effects over time. 
 
Winter Feeding 

Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs/ac. Historic radio 
telemetry data and observations of elk 
movements indicate that when available forage 
delclines below 300 lbs/ac., some elk leave NER 
for surrounding private lands. Therefore, the 
purpose of this feeding trigger is to keep elk on 
the NER and prevent them from searching off-
refuge for forage which increases the potential of 
comingling.  This trigger is not a warning that a 
significant nutritional deficit threshold has been 
reached.  Available winter forage for elk and 
bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 
lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2015, relative to the current objective. 
  OBJECTIVE 2011 2012 2013 2014 2015 mean 
NER 5,000 7,746 7,360 6,285 8,296 8,390 7,615 
Gros Ventre 3,500 2,775 3,265 2,982 2,326 1,162 2,502 
Native Range1 2,500 982 894 1,784 801 913 1,075 
Total 11,000 11,503 11,519 11,051 11,423 10,465 11,192 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 
 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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drainage feedgrounds (Alkali, Patrol Cabin, Fish 
Creek) occurs annually to help minimize 
movement of elk between these areas. This 
coordination will continue regardless of the 
management strategy employed. The relationship 
of recent elk numbers and objectives for NER and 
WGFD-operated feedgrounds and native range is 
shown in Table 2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56, range 329-457) hunters harvested 161 
(SD = 38, range 126-225) elk per year during the 
NER hunt.  

The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 8).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5, 
range 139-301) bison per year.  This level of 
harvest has been sufficient to arrest the 
exponential growth of the population, reducing 
bison numbers from the peak in 2007 to about 
700 animals in winter 2015 (Fig 3). Tribal bison 
harvest of up to 5 animals for ceremonial 
purposes was authorized in the BEMP.  
Translocation of wild bison to lands outside of 
Teton County is not currently permitted due to 
brucellosis concerns.  
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Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions.  
 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER year around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 

and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease several days to weeks before the 
bison hunting season in an effort to increase 
hunter harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 
acreasacres of previously irrigated and cultivated 
grasslands in GTNP in need of restoration to 
native sagebrush grasslands community.  
Objectives of ecological restoration include 
restoring abandoned hayfields to native 
communities to improve wildlife forage and 
habitat, and visitor opportunities to enjoy wildlife 
viewing.  After 2 years of research and field 
studies, restoration efforts began in 2008.  The 
restoration process involves several steps 
including: prescribed fire, herbicide applications, 
cereal grain cover crops, and finally native 
seeding. Substantial progress in this endeavor has 
been made since 2007, including:   Currently, 
1,184 acres of previously cultivated lands are 
under restoration treatment.  Of the 1,184 acres 
undergoing treatment, 657 acres has been 
seeded with native grass, shrub, and select fob 
mixes.  One hundred of these acres are currently 
fenced to reduce grazing pressure from bison and 
other ungulates.  The remaining 527 acres will be 
seeded once removal of the invasive vegetation is 
successful.  All treatments are monitored for 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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  Figure 8.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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native plant establishment and invasive plant 
infestations and treatments will be adjusted as 
necessary.  The park will continue to seek funding 
for additional restoration of the remaining areas.    
[GTNP folks please add short description of 
methodological research and implementation, 
followed by what remains to be accomplished] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 
  
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
occurs one day in early February and includes 
ground counts of animals on feed at the NER and 
aerial counts of outlying bison across their winter 
ranges on the refuge, park, and Bridger-Teton 
National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 

season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 
that winter would equal 5,000 elk X 100 days = 
50,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 25,000. 
 
We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 
bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Implementation of the AMP will have successfully 
attained the objective of “transitioning from 
intensive supplemental winter feeding to greater 
reliance on free-standing forage” when 
supplemental feeding was not used for more 
than 50% of the years in a 5 year period. 
 
Initial success of AMP implementation will be a 
consistent decline in the 3-year running average 
of elk and bison fed days from the established 
baseline. While the BEMP did provide specific 
measurement criteria for the definition of 
“transitioning from intensive supplemental 
winter feeding to greater reliance on free-
standing forage” we will consider this objective 
met when the 3-year running average of elk and 
bison fed days is <50% of baseline for 5 years in a 
row.   
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Several management constraints are common to 
the strategies discussed below (Table 3).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements 
in GTNP.  Similarly, compliance with the 
Wyoming greater sage-grouse core area 
protection executive order (2011-5) could restrict 
habitat manipulations.  NEPA compliance 
conducted as part of the BEMP/EIS constrains 
what federal actions can be taken as a part of this 
plan.  State regulations constrain late (winter) 
hunt and carcass disposal timing to protect 
against brucellosis contamination, since 
February-April represent the period bison and elk 
are most likely to transmit the disease.  
Restrictions on hunting timing also result from 
BTNF winter range closures, immediately east of 
the NER and elsewhere, December 1 to April 30.  
Additional details about these and other 
constraints will be included in discussions about 
specific strategies that follow. 
 
Strategies 
 
This section will describes the management 
action this AMP proposes to implement.  As such, 
it unveils the heart of management changes 
necessary to begin the process of transitioning to 
more greater reliance of bison and elk on native 
forage during winter.  Fundamentally, the 
strategies discussed in this plan represent an 
experiment designed to achieve Phase I 
objectives of 5,000 elk and 500 bison on NER and 
are a first step towards reducing reliance on 
supplemental feeding while meeting the 
sustainable population goals identified in the 
AMP. 
 
Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies to 
achieve phase I objectives are modifications to 

Table 3. Summary of potential Adaptive 
Management Plan constraints.  
Policy 
• ESA1 Lynx – limits on habitat impacts 
• Greater Sage Grouse – core area protection 
• 2007 BEMP/EIS (federal actions/lands) 

o No fertility control 
o No test and slaughter 
o Limited tribal harvest 

• Bison/elk hunt end date (Feb. 1st)  
o WGFD, brucelosis safety 

• Carcass disposal (Feb. 15th) 
o WGFD, brucellosis safety 

• Forest Service winter closure  
(Dec. 1st – April 30th) 

• Easement limitation (NER boundary) 
Winter Feeding 
• Only during non-hunting periods 
Harvest 
• State regulations 
Vegetation Restoration/Protection 
• Bison/elk distribution 
• Exotic plant species management 
Private Lands  
• Owner agreements 
Social 
• Hunter density (safety; hunt quality) 
• Elk/bison winter mortality levels 
• Public safety (ungulate/vehicle collisions) 
• Disease  
• Land-use conflicts (agricultural and  

residential) 
Biological 
• Disease (bison/elk/cattle commingling) 
• Sage grouse habitat conflicts 
• Fencing/wildlife conflicts 
• Elk herd distribution 

o summer segment distribution goals 
Funding 
• Easement purchase 
• Plan implementation 
1Endangered Species Act 
 

 

Commented [SRD23]: Update with most recent WY EO 



 

 15  
 

winter feeding and hunting seasons.  To a lesser 
extent, vegetation protection and restoration can 
be important, particularly for improving long-
term ecological balance and enhancing natural 
production of native forage.  Private lands are 
also an integral component as changes in elk and 
bison distribution occur and new challenges 
develop.  The likely consequences of 
implementing these strategies were evaluated in 
the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously and 
systematically. The strategies discussed below 
have been developed in this context, with 
appropriate feedback mechanisms through 
rigorous monitoring and frequent evaluation.  
Inability to meet this objective under the 
strategies presented here would trigger a 
thorough evaluation and development of more 
aggressive strategies. 
 
Chronic Wasting Disease 
In 2014 WGFD began the revision process for the 
Wyoming CWD Management Plan (2006). WGFD 
has cooperated with federal agencies and other 
stakeholders to revise the plan, and NER and 
USFWS Region 6 Wildlife Health Office staff 
participated in several meetings associated with 
this effort.  One goal of the CWD Management 
Plan update is to develop specific management 
responses should CWD be detected on or 
adjacent to State or NER elk feedgrounds.  Early 
detection of CWD in the JEH is essential to ensure 
an effective management response. 
 

Since 1997 NER has cooperated with Wyoming 
Game and Fish Department (WGFD) to conduct 
surveillance for CWD in the JEH unit. Although 
this effort indicates that CWD is not currently 
found in the JEH, continued surveillance at 
sample sizes sufficient to detect 1% prevalence 
with 95% confidence annually will be critical to 
ensure a timely management response and limit 
the long-term population effects of the disease 
(USFWS and NPS 2007).  Given that CWD has 
been detected within 40 miles of the JEH in 
moose, within 70 miles in deer, and within 175 
miles in elk, this level of surveillance is 
warranted.   
 
Winter Feeding 
Winter feeding actions that could be modified 
include starting date, ending date, and daily 
ration.  To modify elk and bison behavior in the 
long run, delaying initiation of feeding is likely to 
have the greatest impact by gradually 
conditioning them to expect feed later on 
average, with the desired outcome of building a 
cohort of animals that rely primarily on native 
winter range and are not food conditioned. To 
reduce supplemental feeding overall, ending 
feeding early would also help decrease the 
amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   

 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 4, Fig. 9).   Time of season could 
influence this interval, most likely shortening it as 
the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from December 30 to February 28.  Delaying 
feeding by two weeks in January, for example, is 
likely to be more successful than doing so in 
February, when food stress and tendency for 
animals to move to private lands is greater.  
Forage availability could also have an influence, 
particularly if a freeze thaw event resulted in an 
acute and large reduction in available forage.  
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Both time of season and forage availability 
considerations would be affected by the numbers 
of elk and bison on the NER.  And finally, the 
distribution of animals, particularly on private, 
livestock producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer experience a nutritional deficit 
and mortality because of beingthey are displaced 
from feedlines by more dominant animals.  
Monitoring programs will include measures of 
calf mortality and it will be an influencing 
parameter in feedback mechanisms.  The BEMP 
anticipated that elk mortality could increase from 
1-2% overall to 1-5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32% based on an average 
feeding season length of 9.3 weeks from 1995-
2015. 
 
The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites and on-going measurements at those sites 
throughout the winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 
hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 4).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 

Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNP summer segment (since most 
park bulls migrate to the NER) would help inform 
levels of take proposed.  Bow hunting in areas 
currently closed to firearms will likely increase 
harvest by eliminating “no-hunt” areas which can 
become sanctuaries for large numbers of elk. 
Shifting the hunt one week later is consistent 
with later migrations and will improve harvest 
effectiveness. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has lead to significant increases of winter 
elk concentrations on the NER.    
 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later (Fig ?).  This trend 
may necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
 
Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 4).  Consideration would be given to later 
hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, State 

Commented [SRD29]: Is this necessary here? Move to 
monitoring section? 

Formatted: Highlight

Formatted: Highlight

Commented [SRD30]: Need Y axis label on graph.  Also 
suggest shorter title/description. 



 

 17  
 

quotas will likely be reduced and management 
flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Serious consideration should would? be given to 
reducing the bison herd population objective in 
the future.  This would lower winter forage 
consumption on the NER and help reduce elk and 
bison winter concentrations.    
 
The current bison herd objective is “. . . maintain 
and ensure a genetically viable population of 
approximately 500 animals (five-year average), 
with as close to an even sex ratio as possible to 
maximize maintenance of genetic variation over 
time. . .” (BEMP p. 136).    
 
The Jackson bison herd is not considered part of 
the U.S. Fish and Wildlife Service’s meta-
population approach to bison conservation 
because of its high prevalence of brucellosis.  This 

disease prevents the export of Jackson bison to 
other DOI conservation herds. 
 
The 500 bison population objective was set 
primarily to preserve existing genetic diversity 
assuming extremely limited natural genetic 
transfer with the Yellowstone or other DOI bison 
conservation herds.  Genetic diversity can be 
maintained for a Jackson bison herd less than 500 
if bison with desirable genetic diversity are 
periodically imported from other DOI bison 
conservation herds.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 
spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Figs. 9 and 10). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   
 
Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 

 

Figure ?. The annual fall/winter arrival of elk to 
the NER during the past several decades has 
been occurring progressively later.  This trend 
may necessitate extending the elk hunting 
season later into the year to achieve harvest 
objectives. 
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Several strategies would be employed to mitigate 
potential problems (Table 4), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 
purchase private lands easements to prevent co-
mingling. A vital component in implementing 
these mitigation measures is to establish three 
seasonal Wildlife Conflict Technician positions 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the AMP 
(see Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMP mitigation efforts.  
 
Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    
 
Vegetation Restoration/Protection 
 
[NER and GTNP staff to draft material] 
 

Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 
 
A private lands Hunting Coordinator Position 
would be established and supervised by the 
WGFD to promote and coordinate hunting 
activity focused on Southern Herd Segment 
harvest in and around private lands in the Spring 
Gulch Area north to Moose, WY (Hunt Area 78).    
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Table 4 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold  <= 10%  
  Elk/bison distribution - visual    
  Elk/bison distribution –  
  collars 

   

  Winter mortality    
  Elk summer range 
  proportions 

   

GRTE summer elk count    
GRTE summer bulls ratios    
Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 
   Structure  - 1 week initial drawing 

- 1 week left over 1st 
served 
- partial week alternate 

- 1 week initial drawing 
- 1 week left over 1st 
served 
- partial week alternate 
- daily 1st served 
alternates 

 

1Number elk and bison on feed per day, totaled by feeding season. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   Landscape damage    
   Easement acquisition    
    
Vegetation Restoration/ 
Protection: Elk Refuge 

   

    
Vegetation Restoration/ 
Protection: Grand Teton 
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Figure 9.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure  10. [example] Framework for harvest strategy and adaptive management. 



 

 23  
 

Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMP (Table 5).  Since they were not part of the 
ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management plan, and thus they are 
not being considered at this time.   

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation and cessation of winter feeding). Fig. 11 
describes possible factors that affect winter elk 
distribution (the proportion of elk on NER 
feedgrounds versus native winter range). Models 
will be used to identify the relative influence of 
our principal management strategy (a reduction 

in feed season length) and other factors on 
winter elk distribution (Appendix 3).  Over time 
this will allow us to assess whether changes in elk 
distribution were the result of our management 
actions or due to factors outside of our control.  
 
An increase in calf elk winter mortality is a 
potential result of reduced feed season length.  
Fig. 12 portrays factors that influence winter calf 
elk survival on NER.  
 

Table 5.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due 

to major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest 
herd segment in Hunt Area 78 on private lands, where 
federal agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for 
AMP because current hunting programs appear effective 
at slowly moving the herd toward the 500 animal herd 
objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands 
because current hunting programs that utilize sport 
hunters are effective at meeting herd objectives. 

Altering rations of supplemental feed Rejected as a strategy because reducing daily feed ration 
below 8 lbs/elk would be enough feed to encourage elk to 
remain on NER but would result in unacceptably high elk 
calf mortality rates. 
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Models will be used to assess the effects of 
available forage on winter calf elk survival 
(Appendix 4).  Over time this will allow us to 
assess the effects of our principal management 
strategy (reducing feed season length) relative to 

other factors on elk calf survival and potentially 
adjust our management actions based on model 
results. 
  

 
  

 

Figure 11.  Influence diagram depicting factors (including management actions) influencing outcomes 
identified in the Bison and Elk Management Plan (BEMP; USFWS 2007a). Gray hexagons represent outcomes, 
rectangles represent management actions, rounded rectangles represent factors with numerical objectives, 
and ovals represent factors outside of management control. Bolded polygons and arrows represent outcomes 
and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed rectangle) 
is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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MONITORING  
 
Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers; and 3) extending the monitoring 
period later in the winter to assess the 
relationship between available forage and elk and 
bison distribution. 
 
To better represent the total amount of forage 
available on the southern half of NER, a 

subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional random sample sites 
stratified by elk habitat preference will be added.   
Historic elk distribution mapping and elk GPS 
collar data (NER unpublished data) suggest that 
the areas most preferred by elk on southern NER 
are associated with moderate to high forage 
production and green vegetation.  Because the 
distribution of forage production and greenness 
characteristics vary annually based on irrigation 
and precipitation patterns, we will annually map 
areas preferred and not preferred by elk and 
sample sites will be randomly selected within 
each of these mapped categories.   At least 3 
historic key index sites, 3 random sites in areas 
preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 

 

Figure 12. Influence diagram depicting factors (including management actions) influencing bison and elk fed 
days on the National Elk Refuge (see text for description) and winter calf elk survival. Gray hexagons represent 
outcomes, rectangles represent management actions, rounded rectangles represent factors with numerical 
objectives, and ovals represent factors outside of management control. Bolded polygons and arrows represent 
outcomes and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed 
rectangle) is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average 
forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the 
monitoring period will be extended to include the 
intervening 2 weeks.   
 
Proportion of Elk Wintering on NER 
 
A principal AMP goal is to reduce the number of 
elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 
each year, we will calculate the proportion of 
total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 

running average post AMP implementation to the 
pre-implementation baseline.  The pretreatment 
baseline will be comprised of data from 2008-
2016, a time period that represents BEMP 
implementation prior to AMP actions (Figure 13).   
 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMP implicitly assume that the 
transmission rate and prevalence of elk and bison 
diseases are density dependent and positively 
correlated with the number of elk and bison 
utilizing feedgrounds and the number of days 
they are fed.  We further assume the variables 
elk-fed-eays days (EFD) and bison-fed-days (BFD) 
are a proxy for these conditions. EFD and BFD will 
be calculated annually for each species based on 
the following formulas:  
 
 
 

 

Figure13. Proportion of the Jackson Elk Herd that was 
classified on NER feedgrounds in the period following 
implementation of the Bison and Elk Management Plan 
and prior to the implementation of the Adaptive 
Management Plan (2008-2015).  These values 
represent the pretreatment baseline which will be 
compared to the 3 year running average post AMP 
implementation. 
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EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 
 
BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 

comparing the 3-year running average post AMP 
implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account for wide annual variation in EFD and BFD 
associated with winter severity (Fig. 14) 
 
Elk Winter Mortality Monitoring 
 
NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMP implementation, 
which will allow trend comparisons to the pre 
AMP baseline (Figure 15).  Under the AMP 
framework, we believe the 3 year running 
averages for total and calf winter elk mortality 
will be within the range of variation exhibited by 
the pre AMP baseline.  Historic monitoring 
suggests that calf and total mortality are sensitive 
to winter severity and disease outbreaks, and 
that winter mortality occasionally exceeds >3% 
total mortality and >10% calf mortality.  Post 
AMP mortality in excess of these levels may 
warrant shortening the 2-week feeding initiation 
delay in subsequent years. 
 
Elk Collaring 
 
One of the AMP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas.  To quantify this effect and provide real 
time information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 
sample of 50 GPS collars on elk that winter on 
NER throughout the AMP implementation period.  

 

 
 
Figure14. Elk Fed Days (EFD) and Bison Fed Days 
(BFD) in the period following implementation of the 
Bison and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 
3 year running average EFD and BFD post AMP 
implementation. 
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Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This 
sample size will not be sufficient to detect all elk 
movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk 
movements from NER to surrounding private 
lands will increase during the AMP 
implementation period compared to the pre-
treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 
is the season when changes to the NER feeding 

program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 
Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 
need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis 
process includes brucellosis seroprevalence, 
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 
Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post AMP 
implementation.  There are no recent brucellosis 
seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk 
collaring operations in winter 2016, and each elk 
will be tested for Brucellosis exposure.  The 2016 
Brucellosis seroprevalence rate will be the pre-
treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 
introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 

 

Figure15. Total and calf elk winter mortality (%) on NER 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the pretreatment 
baseline which will be compared to the 3 year running 
average post AMP implementation. 
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management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 
CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 

technicians working from September-December 
are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 

 

 
EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 
strategies outlined in this plan will be in place for 
a minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 

an annual adaptive management update/report, 
completed by NER staff by the end of March for 
the previous year.  
 
Investigating the potential effects of climate 
change on elk and bison management will be 
important in the long-term.  During 
implementation of this plan, we will collect a 
variety of data that can be drawn upon for this 
purpose.  

 

PUBLIC OUTREACH AND EDUCATION  
The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMP 
implementation.  The practice of feeding elk 

evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMP in order to gain general 
consent to modify longstanding elk/bison herd 
management methods.   
 
A detail communication plan to guide outreach 
and education efforts can be found in Appendix 3. 
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SCHEDULE 

 

 

Table 7.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 

 

 

Table 6.  Adaptive Management Plan proposed schedule. 
Action Date 

GPS Collar 30-40 elk prior to strategy implementation (Iridium platform) February 2016 

Public outreach and education March 2016 

Initiate private lands conflicts mitigation contacts/actions March 1, 2016 

Implement enhanced forage monitoring  March 1, 2016 

Initiate changes in supplemental feeding protocol January 2017 

Monitoring/Evaluation/Annual Report June 2017 
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BUDGET 

Table 8. [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Seasonal Biological Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 
     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment distribution1      
     Expanded standing forage estimates1      
     Chronic Wasting Disease, 2 seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 
     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; Iridium Platform $115,000 $25,000 $25,000 $25,000 $25,000 
Bison barrier at NER south entrance $80,000 $1,000 $1,000 $1,000 $1,000 
Adaptive Management Plan annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 
Private lands:      
     Easements / Acquisition      
     Damage reimbursements (Wyoming)      
     Conflict mitigation coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 
Vegetation restoration/protection1      
Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 

Subtotal      
Grand Teton National Park:      
Monitoring:      
     Summer elk classification/distribution 10,000 11,000 12,000 13,000 14,000 
Collaborative elk monitoring (GRTE portion)      
     Hunter harvest      
     Harvest age distribution      
     Transition range forage production/utilization      
Vegetation Restoration/Protection      
Monitoring 16,0000 16,000 18,000 20,000 20,000 
     Temporary bison fencing 24,000   40,000  
Temporary fence maintainance 6,000 8,000 8,000 6,000 10,000 
     Hayfields restoration 84,000 70,000 70,000 90,000 90,000 
     Exotic plant mitigation 50,000 52,000 46,000 60,000 66,000 
     monitoringRest seed propagation    94,000 66,000 
Elk Reduction Program      

Subtotal      
Wyoming Game and Fish Department:2      
Private lands:       
     elk harvest coordination      
     Easements / Acquisition      
     Damage reimbursements      
     Conflict mitigation coordination      

Add additional lines and categories as needed 
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APPENDIX 1.  Summary of primary potential impacts associated with reduced supplemental feeding, 
as identified in alternative 4 environmental consequences section of the Final Bison and Elk 
Management Plan/Environmental Impact Statement (USFWS and USNPS 2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing 

supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter 

forage production, assessments of forage utilization (done jointly by WGFD and NER personnel), 
elk condition and movements, and potentially on the January 1 index of winter severity 
calculations for elk (Farnes, Heydon, and Hansen 1999). 

• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition 

(negligible adverse effect on NER elk from lower nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the 

bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would 

increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider 
distribution. 

• Elk use of lands surrounding the NER would increase, including: 
o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNP 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and 
Gros Ventre segments. 

• As ungulate numbers decreased and supplemental feeding was reduced, competition and 
aggressive social interactions on the refuge would also be reduced. 

• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability 
would have a greater influence on numbers, movements, distribution, and mortality. 

• More elk would be subject to natural factors affecting mortality, including loss of body 
condition, predation, and starvation. 

• Increased mortality on and off the refuge would mainly affect older elk and calves, and some 
prime bulls entering the winter energetically stressed due to rut activities. 
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• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 

1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due 
to tuberculosis, septicemic pasturelosis, and CWD. 

• The health and sustainability of the Jackson elk herd would be increased gradually as 
supplemental feeding was reduced and there was greater reliance on standing forage and wider 
ungulate distribution. 

• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and 

potential transmission of brucellosis, as well as potential for spread of diseases not yet in the 
population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, 
to coordinate actions that would prevent conflicts due to elk dispersal and to defray costs of 
managing potential conflicts. Preventing access to food/hay rewards on private lands would be 
vital for effective management. 

• Private land conservation easements within NER boundaries would promote wider distribution.  
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APPENDIX 2.  Monitoring Supplemental Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured at every 5 steps along the random bearing 
determined for each site.  At each subplot a 13.27” diameter metal sampling ring will be placed on the 
ground. The amount of forage available to elk within the sampling ring (dry weight in grams) will be 
visually estimated.  The 13.27” diameter subplot allows easy conversion from grams to lbs. per acre 
(each gram is equivalent to 100 lbs. per acre). During annual forage production sampling, refuge 
biologist Eric Cole has made approximately 1,000 of these visual estimates per year for 17 years, and 
33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will be the 
principal estimator, but additional personnel will be trained in these techniques to provide redundancy 
in the event of personnel changes, and to increase the number of observers to facilitate estimation of 
error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward when 
snow cover is limited, but estimating how much of the forage is accessible to elk when snow is dense, 
deep and crusted can be subjective.  To decrease the subjectivity of the estimation process, if the area 
under the sample ring is covered with snow, only forage that can be exposed with a gloved hand will be 
included in the estimate of available forage.  Forage that is fouled with manure and/or flush with the 
ground due to trampling and/or encrusted in ice will not be included in the estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an equivalent 
lbs./acre value (1 gram=100 lbs./acre).   The arithmetic mean of available forage (lbs./acre) for the 10 
subplots provides an estimate of available forage for each index site.  There are 3 sample site categories: 
1) Historic  Key Index Sites that have been used since 2007, 2) New randomly selected sites within areas 
preferred by elk, and 3) New randomly selected sites in areas not preferred by elk.  Historic key index 
sites were not randomly selected, but were instead selected to represent areas most preferred by elk on 
the south end of NER.  These were the sites used to determine when supplemental feeding would be 
initiated from 2007 until the implementation of the AMP.  To facilitate comparison with pre-AMP data, 
we will continue to use mean lbs. per acre across historic key index sites to determine the 300 lbs. per 
acre threshold.  However, post AMP implementation we will delay feeding initiation by 2 weeks once 
the 300 lbs./acre level has been reached.  We will concurrently sample at randomly selected sites 
stratified on an annual basis between areas highly preferred and not highly preferred by elk.  This will 
enable us to quantify the relationship between mean forage availability at historic key index sites and 
random sites over time. 
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APPENDIX 3.  Communication Plan 
 
Communication Goals 
 
Prior to the Adaptive Management Plan’s Implementation 
 
• Utilize a variety of outreach methods to inform the public on the goals and timing of the Adaptive 

Management Plan’s implementation and possible effects on wintering herds. 
• Utilize a variety of outreach methods to inform the public on public comment opportunities. 
• Identify and coordinate key messages and outreach with USFWS regional and national offices, State and 

federal agency partners, non-profits, elected officials, and other identified audiences. 
 
During the Adaptive Management Plan’s Implementation 
 
• Continue to utilize a variety of outreach methods to describe current management actions as well as 

measurable and noticeable changes on the landscape, in animal behavior, or in animal health. 
• Provide a comprehensive overview of the Adaptive Management Plan by providing links and references 

to previous outreach and background information. 
 
Communication Objectives 
 
• Work with current media contacts to promote news of the Adaptive Management Plan via print, radio, 

Web, and social media platforms. 
• Utilize new media and social media tools to provide information on why the Adaptive Management Plan 

was developed, what public comment opportunities exist, and how the plan is being implemented. 
• Plan, coordinate, and execute public meetings to allow for public comment and questions on the plan. 
• Develop and provide methods for the public to submit written comments on the Adaptive 

Management Plan. 
• Monitor print media on Refuge elk and bison management to see how Adaptive Management Plan 

objectives and reactions are being portrayed to the public. 
 
Current Outreach Resources 
 
• National Elk Refuge web site 
• National Elk Refuge news release list 
• (approximately  300 contacts) 
• National Elk Refuge Twitter site (1,039 followers) 
• Bison and Elk Management Plan web site (http://www.fws.gov/bisonandelkplan/) 
• Space for an 11” x 17” poster in the Visitor Center on Refuge management topics 
• Display panels in the Visitor Center theater for temporary displays 
 
Available Supporting Outreach Resources 
 
• USFWS Mountain–Prairie External Affairs staff 
• USFWS Mountain–Prairie web site, including the 
• “Top Stories” feature 
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• USFWS Mountain–Prairie Twitter site USFWS Mountain-Prairie Region Facebook page 
• USFWS National Wildlife Refuge System 
• Facebook page 
• USFWS Facebook page 
 
Previous Outreach Efforts 
 
• NER routinely writes and disseminates news releases on Refuge management activities, including the 

Comprehensive Conservation Plan, supplemental feeding, herd health monitoring, and forage 
production.  

• Post the above news stories as Content. 
• Management System (CMS) articles. 
• Post CMS news story promos so they prominently appear on the home page, linking readers to the 

articles. 
• Send out Twitter messages linking viewers back to the news stories. 
• Prepare, upload and provide links to Adobe PDF versions of news stories with addtional photos where 

additonal images are available and/or help understand or visualize the content. 
• Utilized the Conservation link on the web Content 
• Management System to post information about 

the Bison and Elk Management Plan and the draft Comprehensive Conservation Plan. 
• Retained and provided a link to the original Bison and Elk Management web page (http://www.fws. 

gov/bisonandelkplan/) that was developed during the planning process. The web site includes links to 
the Final Plan/EIS, Record of Decision, Federal Register Notice of Availability for both the Record of 
Decision and Final Plan/EIS, associated news releases, public meeting highlights, and other related 
documents. Note: the National Elk Refuge does not manage the site. 

 
Additional Outreach Opportunities 

 
• Public meetings in Jackson and other identified locations. 
• Service produced video; video could be posted to the National Elk Refuge’s multimedia web page, or 

USFWS Mountain–Prairie home page “Top Video” feature. 
• Live radio interview on KHOL (Jackson, WY radio) 
• Wyoming Public Radio interview with Refuge management staff 
• Interviews with local print media sources 
• Updates at community leader meetings such as Rotary Club, Jackson Hole Chamber of Commerce board 

meetings, and interagency breakfast meetings (with Federal agencies and local elected officials). 
 
Target Audiences 
 
Internal 
• Regional and National USFWS Leadership 
• Refuge permanent staff 
• Refuge seasonal staff 
• Refuge volunteers 
 
External 
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• Congressional representatives 
• State of Wyoming leadership 
• Federal agency partners, particulary Grand Teton National Park and the Bridger–Teton National Forest 
• Wyoming Game & Fish Department 
• Other NER partners, including county and town agencies and local nonprofit organizations 
• Local elected officials 
• Private landowners in proximity to the National 
• Elk Refuge or neighboring Federal lands 
• Tribes 
• Local and state media 
• Local public 
 
Key Outreach Topics 
 
• Overview of BEMP objectives 
• Strategy to change elk/bison behavior 
• Threat of disease 
• Natural mortality rates 
• Anticipated winter distribution changes for bison/elk 
• Mitigate negative effects on private lands 
• Change elk behavior and distribution while avoiding increased mortality. 
• Explain the historic reasons a supplemental feeding program began and why it was continued.   
• Explain the NER’s limited large ungulate carrying capacity and the disproportionate impact of bison 

on available forage; 3 elk = 1 bison. 
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APPENDIX 4.  Models 

Elk winter distribution model 
 
The proportion of the JEH that winter on the NER will be linked to factors hypothesized to influence elk 
winter distribution (Fig. 2) using a generalized linear mixed effects model (GLMM). A GLMM can account 
for a proportional response variable (i.e., constrained to the interval 0–1) using a log link and binomially-
distributed errors. A GLMM also includes fixed and random effects, with the latter capturing residual 
model variance otherwise not explained by fixed effects. Year will be including as a random effect, 
providing several benefits. First, we don’t assume years are independent and comprise all of the factor 
levels of interest. Instead, the effect of year is treated as a random variable, with individual year effects 
realizations of that distribution. This allows inference to non-sampled factor levels, i.e. years, by 
estimating a latent population-level proportion of elk expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect can be considered a latent variable describing elk 
behavior manifested as observed winter distribution. Second, because year effects are not treated as 
independent, estimated effects of year on the proportion of JEH elk wintering on the NER are 
dependent on all factor levels, leading to greater precision when estimating individual year effects (Kéry 
2010).  
 
The full GLMM incorporating fixed effects for each factor identified as influencing elk winter distribution 
(Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 + 
𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝑆𝑆𝑡𝑡 + 𝜀𝜀𝑡𝑡 

 
where the random intercept and residual model variance are 
 
𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0

2 ), and 
 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
 
Fixed effects include 1) per capita available forage at initiation of winter feeding (AFI) , 2) proportion of 
the JEH that are short-distance migrants (SDM), 3) number of wolf packs present on JEH native winter 
range (WP), 4) growing season (May–August) precipitation for the Wyoming Snake Drainage climate 
division (GSP; a proxy for available forage on native winter range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. (2003) has as an output weekly available forage biomass 
for the NER (sum of predictions for 30 × 30 m cells). These predictions account for snow conditions using 
a proxy of SWE and decrement total available biomass by 35% to account for unpalatable plants within 
the total estimate.  
 
While calf survival is a function of multiple factors (Fig. 3), the primary management action influencing 
calf survival is supplemental winter feeding. Current winter feeding initiation criteria lead to calf survival 
generally higher than in unfed populations. Proposed feeding initiation criteria will result in later 
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initiation of supplemental feed, which will be most influential to calf survival. There is currently little 
understanding regarding the relationship between initiation of winter feeding and calf survival, except 
that current feeding initiation criteria result in high calf survival. We believe a threshold level of 
available forage at initiation of winter feeding exists such that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized to decline quickly with reductions in available forage 
at winter feeding initiation. Available forage at the initiation of winter feeding will be related to on elk 
calf winter survival using a saturating function (i.e., Holling type-II functional response; Fig. 6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf survival is related to available forage. Maximum calf survival 
is a, and b represents the value of available forage to an individual when survival is 50% of a (Hilborn 
and Mangel 1997).  
 
Although this approach doesn’t capture forage deficits per se, it does provide a potentially sensitive 
proxy for this concept. It is assumed that a forage deficit for calves would occur at a point on the curve 
of the relationship between calf survival and available forage at initiation of supplemental feeding. 
Modeling the response of winter calf elk survival to changes in feeding initiation criteria facilitates our 
ability to maximize the influence of feeding initiation criteria on winter distribution while minimizing the 
likelihood of a large mortality event.   
 

 
 Hypothesized relationship between winter survival of elk calves and per capita available forage at initiation of 
winter feeding on the National Elk Refuge.  
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EXECUTIVE SUMMARY [incomplete] 

 

Overview 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands, focused on four broad goals related to: 1) 
habitat conservation; 2) sustainable populations; 
3) numbers of elk and bison; and 4) disease 
management.  The final plan directed the NER 
and GTNP (in conjunction with the Wyoming 
Game and Fish Department; WGFD) to maintain 
the state’s elk herd objective of 11,000, establish 
a bison population objective of 500, restore 
habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program, when necessary in GTNP,  
continue to vaccinate elk for and effective 
vaccine becomes available, and develop a 
dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework referenced in 
the Record of Decision. 
 
Background 
Winter feeding of elk in Jackson was originally 
initiated to reduce winter mortality of elk and 
minimize depredation of ranchers’ hay.   The loss 
of available winter range in Jackson Hole due to 
new ranching operations and a growing town 
resulted in significant numbers of elk dying during 
several severe winters in the late 1800s and early 
1900s. This prompted local citizens and 
organizations, as well as state and federal officials 
in Jackson Hole, to begin feeding elk in the winter 
of 1910–11. Congress heeded the appeals for 
assistance and on August 10, 1912, established 
the National Elk Refuge. Today, the need for the 
refuge’s winter elk feeding program is a direct 

result of reduced access to significant parts of elk 
native winter range, loss of historic migration 
patterns, behavioral conditioning of elk to winter 
feeding, and the desire to maintain a population 
objective established in the context of 
supplemental feeding. 
 
Bison were extirpated outside Yellowstone 
National Park (YNP) by the mid-1880s but in 1948 
were reintroduced to Jackson Hole when 20 bison 
from (YNP) were released near Moran, Wyoming.  
The herd remained small until discovering elk 
feedlines in 1980, when the population began 
sustained population growth.  Bison and elk that 
winter on the NER are migratory and occupy 
summer ranges predominantly to the north. 
 
Objectives 
This adaptive management plan addresses 
several objectives under a broader BEMP goal of 
sustainable populations, which directed the 
agencies to: 1) Develop an adaptive management 
plan for reducing NER supplemental feeding; 2) 
[implement a] phased reduction of animals on 
feed: a) to 5,000 elk and 500 bison, and b) [to a 
point where] elk and bison rely predominantly on 
native habitat; 3) maintain natural elk bull-to-cow 
ratios in park summer herd; and 4) Enhance 
public outreach/education.  The BEMP further 
stated that consideration criteria for 
implementing the 2nd phase of reduced feeding 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on  private 
lands during high risk disease transmission 
periods, 4) maintaining desirable winter 
distribution patterns of elk and bison, 5) the 
prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
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transitioning from winter feeding of elk and 
bison on the NER to greater reliance on free-
standing forage, while maintaining population 
and herd ratio objectives.  
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies approximately 
8,000 km2 in the upper Snake River watershed 
north of the town of Jackson (Fig. 1).  Much of the 
herd is migratory, moving between distinct 
wintering and summer ranges.  Primary wintering 
areas include the Buffalo Valley, lower elevations 
of the Gros Ventre River drainage, the National 
Elk Refuge (NER), and areas adjacent to the NER 
on Bridger-Teton National Forest (BTNF) lands.  
Summering areas occur throughout the herd’s 
range and for convenience are divided into four 
geographic regions that include Grand Teton 
National Park (GTNP), Yellowstone National Park 
(YNP), the Gros Ventre drainage, and Teton 
Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 

“tusk hunters” and large-scale commercial 
hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (NER, 
unpublished data)citations). Over time, changes 
in land use and development in these areas, over 
hunting, and establishment of feedgrounds 
probably reduced the use of these areas by 
Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
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local citizens and organizations, as well as state 
and federal officials in Jackson Hole, to begin 
feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 

of lands and maintenance of a “winter game (elk) 
reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
 
An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 
Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 
tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 

New York Zoological Society, the Jackson Hole 
Preserve, Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 
to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and a variety of feeding 
strategies are employed to help reduce  
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 19531958 [verify date].  
The group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
3).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 

sport hunt administered by WGFD.  This plan was 
halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig 3).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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USFWS 2007) considered six alternatives for 
bison and elk management focused on four broad 
goals related to: 1) habitat conservation; 2) 
sustainable populations; 3) numbers of elk and 
bison; and 4) disease management.  The primary 
management scenarios presented in the 
alternatives included the status quo, terminating 
elk and bison hunting on the NER and the elk 
reduction program in GTNP, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework listed on 
page 5 of the Record of Decision (Fig. 4).  It does 
not address other on-going bison and elk 
management actions already prescribed by the 
BEMP. 
 
The BEMP scheduled the completion of an 
Adaptive Management Plan for 2008.  However, 
litigation challenging the BEMP in 2008 led to the 
decision to postpone its development until 
litigation was resolved.  As of March 2015, two 
court rulings have upheld the 2007 BEMP and 
ROD. In a lawsuit against the  BEMP and its 
author agencies (Defenders of Wildlife et al. v. 

the U.S. Department of Interior and State of 
Wyoming 2010), plaintiffs argued that the BEMP 
violated the National Wildlife Refuge System 
Improvement Act (National Wildlife Refuge 
System Improvement Act 1997) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 
agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling 
(Defenders of Wildlife et al. v. the U.S. 
Department of Interior and State of Wyoming 
2011).   
 
National Environmental Protection Act 
Compliance 
 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   
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Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 
objectives, 2 knowledge (including descriptive 
models) of the dynamics of the system being 
managed, 3) clearly articulated management 
actions and strategies, and 4) a monitoring 

program to evaluate responses of the system to 
management actions (Walters 1986).  
 
 This step-down plan utilizes adaptive 
management planning principles but is not 
intended to meet all of the adaptive 
management planning elements outlined in the 
Department of Interior Adaptive Management 
Technical Guide (2007).  This Step-Down Plan is 
more accurately described as a “structured 
framework of adaptive management actions that 
progressively transitions from supplemental 
winter feeding to greater reliance on free-
standing forage (BEMP ROD p.5).     
 
 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 
goals, 20 associated objectives were addressed 
(Table 1).  This adaptive management plan 
addresses four objectives under the goal of 
sustainable populations (Fig. 5). 
 
In Phase 1 of the second Sustainable Populations 
objective (Fig. 5), the aim is to reduce the average 
number of elk on feed to 5,000 (while 
maintaining WGFD’s 11,000 elk herd objective), 
and reduce the winter population of bison to the 
BEMP-adopted objective of 500. In Phase 2, the 
overall objective is to reduce the reliance of bison 
and elk on supplemental feed (USFWS and USNPS 
2007a).  Desired conditions include animals 
relying predominantly on native habitat and 
cultivated forage. Important consideration 
criteria for implementing Phase 2 will include: 1) 
the level of forage production and availability on 
the National Elk Refuge and adjacent winter 
ranges, 2) maintenance of desired herd sizes and 
age/sex ratios, 3) the ability to effectively 
mitigate bison and elk livestock conflicts, such as 
co-mingling on on private lands during high risk 
disease transmission periods, 4) maintaining 
desirable winter distribution patterns of elk and 
bison, 5) the prevalence of brucellosis, chronic 
wasting disease, and other wildlife diseases, and 
6) public support.   In short, the overall objective 
of this plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 
 

This Plan focuses on management actions to 
initially achieve Phase 1 objectives. However, if 

Table 1.  2007 Bison/Elk Management Plan 
Goals and Objectives (Adaptive Management 
Plan objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and 

cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives (Addressed in Step Down Plan): 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 

• Phase reduction of animals on feed: 1) 
to 5,000 elk and 500 bison, and 2) elk 
and bison rely predominantly on native 
habitat. 

• Maintain natural bull-to-cow ratios in 
park summer herd. 

• Ensure a genetically viable bison herd 
with close to an even sex ratio. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 
11,000. 

• Maintain a genetically viable bison 
population of about 500 animals. 

Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk 
from elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

• Educate hunters about wildlife disease 
human health hazards. 
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successful, these actions will continue to be used 
to achieve the Phase 2 objective of reducing 

reliance on supplemental feeding while 
considering the six criteria listed above.      

 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 

and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The 
management stepdown approach will necessarily 
be one of investigation, constant evaluation, 
modifications to approach when indicated, and 
repeated trials (Fig 4).  As such the approach will 
also be experimental,  guided by rigorous analysis 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,200 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 
to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000, but because the proportion of the 
Jackson Elk Herd that winters on NER has 
increased dramatically (Fig. 6), this will make 
achieving the Phase I objective of 5,000 elk on 

feed and any future elk population reductions 
more difficult.   Preliminary modeling suggests 
that the increasing proportion of the Jackson Elk 
Herd wintering on NER has been associated with 
1) changes in elk winter distribution associated 
with wolves and 2)high numbers of elk that 
summer immediately adjacent to NER (Cole and 
Foley et al. 2015).   
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013. In recent years irrigation of approximately 
3,600 acres has increased refuge-wide forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone, and by 15% in the southern 
portion of NER which receives the greatest use by 
elk and bison. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes will have implications for elk 
and bison management. 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.  
 
 Chronic Wasting Disease 
Supplemental feeding has occurred in all but 9 
winters on NER since 1912, and although this 
strategy minimizes winter elk mortality from 
starvation and contributes to Wyoming state elk 

Commented [CE4]: Need to address uncertainty associated 
with climate change effects 
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herd objectives, elk occur at numbers and 
densities well in excess of carrying capacity 
(Smith et al. 2004, Lubow and Smith 2004).  
Considerable evidence suggests that Chronic 
Wasting Disease (CWD) transmission and 
prevalence are density dependent (Peters et al. 
2000, Williams et al. 2002).  Monello et al. (2014) 
found that elk densities of 15-110 per square km 
in Rocky Mountain National Park were associated 
with 13% CWD prevalence, and they predicted 
elk population declines when CWD prevalence 
exceeded 13%. NER elk densities commonly 
exceed 160 per square km (NER unpublished 
data), which suggests that the introduction of 
CWD to NER elk would have significant negative 
population effects over time. 
 

Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs/ac. Historic radio 
telemetry data and observations of elk 
movements indicate that when available forage 
delclines below 300 lbs/ac., some elk leave NER 
for surrounding private lands. Therefore, the 
purpose of this feeding trigger is to keep elk on 
the NER and prevent them from searching off-
refuge for forage which increases the potential of 
comingling.  This trigger is not a warning that a 
significant nutritional deficit threshold has been 
reached.  Available winter forage for elk and 
bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2015, relative to the current objective. 
  OBJECTIVE 2011 2012 2013 2014 2015 mean 
NER 5,000 7,746 7,360 6,285 8,296 8,390 7,615 
Gros Ventre 3,500 2,775 3,265 2,982 2,326 1,162 2,502 
Native Range1 2,500 982 894 1,784 801 913 1,075 
Total 11,000 11,503 11,519 11,051 11,423 10,465 11,192 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 
 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison discovered refuge feeding operations in 
1980, and since that time they have been Bison 
are fed as necessary each year to help minimize 
disruption to elk feeding operations. Because 
bison displace elk from feedlines, NER staff 
attempt to feed most bison in the northernmost 
refuge feedground and to provide a heavy ration 
that keeps them in this area. This strategy 
prevents bison from mingling with elk and also 
prevents bison from moving to areas where 
conflicts with humans are more likely.  Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 

in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56, range 329-457) hunters harvested 161 
(SD = 38, range 126-225) elk per year during the 
NER hunt.  

The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 8).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5, 
range 139-301) bison per year.  This level of 
harvest has been sufficient to arrest the 
exponential growth of the population, reducing 
bison numbers from the peak in 2007 to about 
700 animals in winter 2015 (Fig 3). Tribal bison 
harvest of up to 5 animals for ceremonial 
purposes was authorized in the BEMP.  
Translocation of wild bison to lands outside of 
Teton County is not currently permitted due to 
brucellosis concerns.  
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Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions.  
 
Hazing 
NER staff haze elk and bison to conserve 
winter forage, prevent year round use of 
winter range, and in some cases to prevent 
elk and bison from moving to private lands or 
other areas where conflicts with humans are 
likely.  Hazing using ATVs has proven most 
effective. The strategy is typically employed 
during 3 time periods: 1)In May to move elk 
and bison off NER that are lingering on NER 
winter range; 2) In July when some bison 

typically return to NER; and 3) In the period 
just prior to feeding initiation when elk and 
bison are most likely to leave NER for private 
lands. 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER year around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 
and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease several days to weeks before the 
bison hunting season in an effort to increase 
hunter harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 
implementation, followed by what remains to be 
accomplished] 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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  Figure 8.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 
  
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
occurs one day in early February and includes 
ground counts of animals on feed at the NER and 
aerial counts of outlying bison across their winter 
ranges on the refuge, park, and Bridger-Teton 
National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 

feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 
that winter would equal 5,000 elk X 100 days = 
500,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 250,000. 
 
We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 
bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Implementation of the AMP will have successfully 
attained the objective of “transitioning from 
intensive supplemental winter feeding to greater 
reliance on free-standing forage” when 
supplemental feeding was not used for more 
than 50% of the years in a 5 year period. 
 
Initial success of AMP implementation will be a 
consistent decline in the 3-year running average 
of elk and bison fed days from the established 
baseline. While the BEMP did provide specific 
measurement criteria for the definition of 
“transitioning from intensive supplemental 
winter feeding to greater reliance on free-
standing forage” we will consider this objective 
met when the 3-year running average of elk and 
bison fed days is <50% of baseline for 5 years in a 
row.   

Commented [S5]: SK’s draft. 

Commented [S6]: SC’s alterative in this paragraph, recognizing 
that the 50% number is the crux and a glaring target. 

Commented [CE7]: Requires some modification based on our 
discussion at meeting including possible subsequent actions: 
Lowering Jackson Elk Herd Objective, Lowering Jackson Bison Herd 
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Several management constraints are common to 
the strategies discussed below (Table 3).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements 
in GTNP.  Similarly, compliance with the 
Wyoming greater sage-grouse core area 
protection executive order (2011-5) could restrict 
habitat manipulations.  NEPA compliance 
conducted as part of the BEMP/EIS constrains 
what federal actions can be taken as a part of this 
plan.  State regulations constrain late (winter) 
hunt and carcass disposal timing to protect 
against brucellosis contamination, since 
February-April represent the period bison and elk 
are most likely to transmit the disease.  
Restrictions on hunting timing also result from 
BTNF winter range closures, immediately east of 
the NER and elsewhere, December 1 to April 30.  
Additional details about these and other 
constraints will be included in discussions about 
specific strategies that follow. 
 
Strategies 
 
This section will describe the management action 
this AMP proposes to implement.  As such, it 
unveils the heart of management changes 
necessary to begin the process of transitioning to 
more reliance of bison and elk on native forage 
during winter.  Fundamentally, the strategies 
discussed in this plan represent an experiment 
designed to achieve Phase I objectives of 5,000 
elk and 500 bison on NER and are a first step 
towards reducing reliance on supplemental 
feeding while meeting the sustainable population 
goals identified in the AMP. 
 
Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies to 
achieve phase I objectives are modifications to 
winter feeding and hunting seasons.  To a lesser 

Table 3. Summary of potential Adaptive 
Management Plan constraints.  
Policy 
• ESA1 Lynx – limits on habitat impacts 
• Greater Sage Grouse – core area protection 
• 2007 BEMP/EIS (federal actions/lands) 

o No fertility control 
o No test and slaughter 
o Limited tribal harvest 

• Bison/elk hunt end date (Feb. 1st)  
o WGFD, brucelosis safety 

• Carcass disposal (Feb. 15th) 
o WGFD, brucellosis safety 

• Forest Service winter closure  
(Dec. 1st – April 30th) 

• Easement limitation (NER boundary) 
Winter Feeding 
• Only during non-hunting periods 
Harvest 
• State regulations 
Vegetation Restoration/Protection 
• Bison/elk distribution 
• Exotic plant species management 
Private Lands  
• Owner agreements 
Social 
• Hunter density (safety; hunt quality) 
• Elk/bison winter mortality levels 
• Public safety (ungulate/vehicle collisions) 
• Disease  
• Land-use conflicts (agricultural and  

residential) 
Biological 
• Disease (bison/elk/cattle commingling) 
• Sage grouse habitat conflicts 
• Fencing/wildlife conflicts 
• Elk herd distribution 

o summer segment distribution goals 
Funding 
• Easement purchase 
• Plan implementation 
1Endangered Species Act 
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extent, vegetation protection and restoration can 
be important, particularly for improving long-
term ecological balance and enhancing natural 
production of native forage.  Private lands are 
also an integral component as changes in elk and 
bison distribution occur and new challenges 
develop.  The likely consequences of 
implementing these strategies were evaluated in 
the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously and 
systematically. The strategies discussed below 
have been developed in this context, with 
appropriate feedback mechanisms through 
rigorous monitoring and frequent evaluation.  
Inability to meet this objective under the 
strategies presented here would trigger a 
thorough evaluation and development of more 
aggressive strategies. 
 
Chronic Wasting Disease 
In 2014 WGFD began the revision process for the 
Wyoming CWD Management Plan (2006). WGFD 
has cooperated with federal agencies and other 
stakeholders to revise the plan, and NER and 
USFWS Region 6 Wildlife Health Office staff 
participated in several meetings associated with 
this effort.  One goal of the CWD Management 
Plan update is to develop specific management 
responses should CWD be detected on or 
adjacent to State or NER elk feedgrounds.  Early 
detection of CWD in the JEH is essential to ensure 
an effective management response. 
 

Since 1997 NER has cooperated with Wyoming 
Game and Fish Department (WGFD) to conduct 
surveillance for CWD in the JEH unit. Although 
this effort indicates that CWD is not currently 
found in the JEH, continued surveillance at 
sample sizes sufficient to detect 1% prevalence 
with 95% confidence annually will be critical to 
ensure a timely management response and limit 
the long-term population effects of the disease 
(USFWS and NPS 2007).  Given that CWD has 
been detected within 40 miles of the JEH in 
moose, within 70 miles in deer, and within 175 
miles in elk, this level of surveillance is 
warranted.   
 
Winter Feeding 
Winter feeding actions that could be modified 
include starting date, ending date, and daily 
ration.  To modify elk and bison behavior in the 
long run, delaying initiation of feeding is likely to 
have the greatest impact by gradually 
conditioning them to expect feed later on 
average, with the desired outcome of building a 
cohort of animals that rely primarily on native 
winter range and are not food conditioned. To 
reduce supplemental feeding overall, ending 
feeding early would also help decrease the 
amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   

 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 4, Fig. 9).   Time of season could 
influence this interval, most likely shortening it as 
the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from December 30 to February 28.  Delaying 
feeding by two weeks in January, for example, is 
likely to have fewer negative effectsbe more 
successful than doing so in February, when food 
stress and tendency for animals to move to 
private lands is greater.  Forage availability could 
also have an influence, particularly if a freeze 
thaw event resulted in an acute and large 
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reduction in available forage.  Both time of 
season and forage availability considerations 
would be affected by the numbers of elk and 
bison on the NER.  And finally, the distribution of 
animals, particularly on private, livestock 
producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer because of being displaced by 
more dominant animals.  Monitoring programs 
will include measures of calf mortality and it will 
be an influencing parameter in feedback 
mechanisms.  The BEMP anticipated that elk 
mortality could increase from 1-2% overall to 1-
5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32% based on an average 
feeding season length of 9.3 weeks from 1995-
2015. 
 
The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites and on-going measurements at those sites 
throughout the winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 
hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 4).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 

Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNP summer segment (since most 
park bulls migrate to the NER) would help inform 
levels of take proposed.  Bow hunting in areas 
currently closed to firearms will likely increase 
harvest by eliminating “no-hunt” areas which can 
become sanctuaries for large numbers of elk. 
Shifting the hunt one week later is consistent 
with later migrations and will improve harvest 
effectiveness. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has lead to significant increases of winter 
elk concentrations on the NER.    
 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
 
Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 4).  Consideration would be given to later 
hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, State 
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quotas will likely be reduced and management 
flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Serious consideration should be given to reducing 
the bison herd population objective in the future.  
This would lower winter forage consumption on 
the NER and help reduce elk and bison winter 
concentrations.    
 
The current bison herd objective is “. . . maintain 
and ensure a genetically viable population of 
approximately 500 animals (five-year average), 
with as close to an even sex ratio as possible to 
maximize maintenance of genetic variation over 
time. . .” (BEMP p. 136).    
 
The Jackson bison herd is not considered part of 
the U.S. Fish and Wildlife Service’s meta-
population approach to bison conservation 
because of its high prevalence of brucellosis.  This 

disease prevents the export of Jackson bison to 
other DOI conservation herds. 
 
The 500 bison population objective was set 
primarily to preserve existing genetic diversity 
assuming extremely limited natural genetic 
transfer with the Yellowstone or other DOI bison 
conservation herds.  Genetic diversity can be 
maintained for a Jackson bison herd less than 500 
if bison with desirable genetic diversity are 
periodically imported from other DOI bison 
conservation herds.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 
spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Figs. 9 and 10). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   
 
Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 

 

Figure ?. The percentage of elk that winter on 
NER that were counted on NER on December 1. 
Aannual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives. 
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Several strategies would be employed to mitigate 
potential problems (Table 4), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 
purchase private lands easements to prevent co-
mingling. A vital component in implementing 
these mitigation measures is to establish three 
seasonal Wildlife Conflict Technician positions 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the AMP 
(see Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMP mitigation efforts.  
 
Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    
 
Vegetation Restoration/Protection 
 
[NER and GTNP staff to draft material] 
 

Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 
 
A private lands Hunting Coordinator Position 
would be established and supervised by the 
WGFD to promote and coordinate hunting 
activity focused on Southern Herd Segment 
harvest in and around private lands in the Spring 
Gulch Area north to Moose, WY (Hunt Area 78).    
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Table 4 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
ManagemenPlan 
Implementationt 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold 2008-2015 Average: 
3.3% (range 1.1-9.0%) 

<= 10%  

  Elk/bison distribution -– 
visual? 

   

  Elk/bison distribution –  
  collars 

Almost no documented 
use of private lands 
during feeding 
operations 

Unknown, but likely 
higher use of private 
lands than current 
management 

 

  Elk Winter mortality (all age 
classes) 

2008-2015 Average: 
1.2% (range 0.6-1.9%)  

<=3%  

  Elk summer range segment 
  Proportions for elk that 
winter on NER 

Approximately 
40% GTNP North of 
Moose 
35% South Snake River 
10%Gros Ventre/Flat 
Creek 
10% Teton Wilderness 
5% Southern 
Yellowstone 
 

Unknown, but will be 
monitored based on 
summer distribution of 
radio collared elk  

 

    
Harvest  National Elk Refuge 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 
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Note on following figures 9 and 10:  

Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   Landscape damage    
   Easement acquisition    
    
Vegetation Restoration/ 
Protection: Elk Refuge 

   

    
Vegetation Restoration/ 
Protection: Grand Teton 

   

    
 

Commented [CE8]: Since this is no longer an AMP, either the 
figures need to be removed or reworded. 
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Figure 9.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure  10. [example] Framework for harvest strategy and adaptive management. 
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Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMP (Table 5).  Since they were not part of the 
ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management plan, and thus they are 
not being considered at this time.   

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation and cessation of winter feeding). We 
will use modeling to quantify the effects of our 
management actions on 2 key repsonses of 
interest, elk distribution and winter elk calf 
mortality.  
 
Fig. 11 describes possible factors that affect 
winter elk distribution (the proportion of elk on 
NER feedgrounds versus native winter range). 

Models will be used to identify the relative 
influence of our principal management strategy 
(a reduction in feed season length) and other 
factors on winter elk distribution (Appendix 43).  
Over time this will allow us to assess whether 
changes in elk distribution were the result of our 
management actions or due to factors outside of 
our control.  
 
An increase in calf elk winter mortality is a 
potential result of reduced feed season length.  
Fig. 12 portrays factors that influence winter calf 
elk survival on NER.  
 

Table 5.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due 

to major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest 
herd segment in Hunt Area 78 on private lands, where 
federal agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for 
AMP because current hunting programs appear effective 
at slowly moving the herd toward the 500 animal herd 
objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands 
because current hunting programs that utilize sport 
hunters are effective at meeting herd objectives. 

Altering rations of supplemental feed Rejected as a strategy because reducing daily feed ration 
below 8 lbs/elk would be enough feed to encourage elk to 
remain on NER but would result in unacceptably high elk 
calf mortality rates. 
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Models will be used to assess the effects of 
available forage on winter calf elk survival 
(Appendix 4).  Over time this will allow us to 
assess the effects of our principal management 
strategy (reducing feed season length) relative to 

winter elk calf survival. other factors on elk calf 
survival and potentially adjust our management 
actions based on model results. 
  

 
  

 

Figure 11.  Influence diagram depicting factors (including management actions) influencing outcomes 
identified in the Bison and Elk Management Plan (BEMP; USFWS 2007a). Gray hexagons represent outcomes, 
rectangles represent management actions, rounded rectangles represent factors with numerical objectives, 
and ovals represent factors outside of management control. Bolded polygons and arrows represent outcomes 
and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed rectangle) 
is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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MONITORING  
 
Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers; and 3) extending the monitoring 
period later in the winter to assess the 
relationship between available forage and elk and 
bison distribution. 
 
To better represent the total amount of forage 
available on the southern half of NER, a 

subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional random sample sites 
stratified by elk habitat preference will be added.   
Historic elk distribution mapping and elk GPS 
collar data (NER unpublished data) suggest that 
the areas most preferred by elk on southern NER 
are associated with moderate to high forage 
production and green vegetation.  Because the 
distribution of forage production and greenness 
characteristics vary annually based on irrigation 
and precipitation patterns, we will annually map 
areas preferred and not preferred by elk and 
sample sites will be randomly selected within 
each of these mapped categories.   At least 3 
historic key index sites, 3 random sites in areas 
preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 

 

Figure 12. Influence diagram depicting factors (including management actions) influencing bison and elk fed 
days on the National Elk Refuge (see text for description) and winter calf elk survival. Gray hexagons represent 
outcomes, rectangles represent management actions, rounded rectangles represent factors with numerical 
objectives, and ovals represent factors outside of management control. Bolded polygons and arrows represent 
outcomes and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed 
rectangle) is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average 
forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the 
monitoring period will be extended to include the 
intervening 2 weeks.   
 
Proportion of Elk Wintering on NER 
 
A principal AMP goal is to reduce the number of 
elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 
each year, we will calculate the proportion of 
total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 

running average post AMP implementation to the 
pre-implementation baseline.  The pretreatment 
baseline will be comprised of data from 2008-
2016, a time period that represents BEMP 
implementation prior to AMP actions (Figure 13).   
 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMP implicitly assume that the 
transmission rate and prevalence of elk and bison 
diseases are density dependent and positively 
correlated with the number of elk and bison 
utilizing feedgrounds and the number of days 
they are fed.  We further assume the variables 
elk-fed-eays (EFD) and bison-fed-days (BFD) are a 
proxy for these conditions. EFD and BFD will be 
calculated annually for each species based on the 
following formulas:  
 
 
 

 

Figure13. Proportion of the Jackson Elk Herd that was 
classified on NER feedgrounds in the period following 
implementation of the Bison and Elk Management Plan 
and prior to the implementation of the Adaptive 
Management Plan (2008-2015).  These values 
represent the pretreatment baseline which will be 
compared to the 3 year running average post AMP 
implementation. 
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EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 
 
BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 

comparing the 3-year running average post AMP 
implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account for wide annual variation in EFD and BFD 
associated with winter severity (Fig. 14) 
 
Elk Winter Mortality Monitoring 
 
NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMP implementation, 
which will allow trend comparisons to the pre 
AMP baseline (Figure 15).  Under the AMP 
framework, we believe the 3 year running 
averages for total and calf winter elk mortality 
will be within the range of variation exhibited by 
the pre AMP baseline.  Historic monitoring 
suggests that calf and total mortality are sensitive 
to winter severity and disease outbreaks, and 
that winter mortality occasionally exceeds >3% 
total mortality and >10% calf mortality.  Post 
AMP mortality in excess of these levels may 
warrant shortening the 2-week feeding initiation 
delay in subsequent years. 
 
Elk Collaring 
 
One of the AMP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas.  To quantify this effect and provide real 
time information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 
sample of 50 GPS collars on elk that winter on 
NER throughout the AMP implementation period.  

 

 
 
Figure14. Elk Fed Days (EFD) and Bison Fed Days 
(BFD) in the period following implementation of the 
Bison and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 
3 year running average EFD and BFD post AMP 
implementation. 
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Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This 
sample size will not be sufficient to detect all elk 
movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk 
movements from NER to surrounding private 
lands will increase during the AMP 
implementation period compared to the pre-
treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 
is the season when changes to the NER feeding 

program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 
Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 
need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis 
process includes brucellosis seroprevalence, 
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 
Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post AMP 
implementation.  There are no recent brucellosis 
seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk 
collaring operations in winter 2016, and each elk 
will be tested for Brucellosis exposure.  The 2016 
Brucellosis seroprevalence rate will be the pre-
treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 
introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 

 

Figure15. Total and calf elk winter mortality (%) on NER 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the pretreatment 
baseline which will be compared to the 3 year running 
average post AMP implementation. 
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management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 
CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 
technicians working from September-December 
are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 

To facilitate modeling, we will collect data on the 
following associated variables (Table #). The table 
lists variables and how they relate to our efforts 
to use modeling to explain changes in elk 
distribution and elk calf mortality relative to our 
principal action of reducing feed season length. 

 

 

 
Table # Variables to be used in models to explain elk winter distribution in the Jackson Elk Herd and elk 
calf mortality on NER.  
VARIABLE SOURCE Elk Winter 

Distribution Model 
Elk Calf Mortality 
Model 

Proportion Jackson Elk 
Herd on NER 
Feedgrounds 

WGFD/NER Jackson Elk Herd 
February Classification Count 

Yes No 

Proportion Jackson Elk 
Herd from South Snake 
River summer segment 

Determined from elk GPS collar 
data for elk captured on NER  

Yes No 

Number of wolf packs in 
the Jackson Elk Herd 
unit 

GTNP and WGFD wolf monitoring 
data 

Yes Yes 

Estimated total wolf 
numbers in Jackson Elk 
Herd unit 

GTNP and WGFD wolf monitoring 
data 

Yes Yes 

Estimated number of 
wolves using NER in 
winter 

NER observations Yes Yes 

Total NER herbaceous 
forage biomass 

NER forage production survey 
data 

Yes Yes 

Snow Water Equivalent NOAA snowtell site data Yes Yes 
NER Winter elk 
Mortality (calf) 

NER winter elk mortality survey No Yes 

Snow Depth NOAA Snowtell sites and NER 
measurements  

Yes Yes 

Available Forage NER and GTNP monitoring in 
winter months 

Yes Yes 

NER Elk and Bison Fed 
Days 

NER feeding records and daily 
feedground estimates of elk and 
bison 

Yes Yes 

NER Feeding Start Date NER feeding records Yes Yes 
Gros Ventre Feeding 
Start date 

WGFD feeding records Yes No 

Elk Hunting Pressure by 
Hunt Area 

Estimated number of hunter days 
from WGFD completion reports 

Yes Yes 
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EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 
strategies outlined in this plan will be in place for 
a minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 

an annual adaptive management update/report, 
completed by NER staff by the end of March for 
the previous year.  
 
Investigating the potential effects of climate 
change on elk and bison management will be 
important in the long-term.  During 
implementation of this plan, we will collect a 
variety of data that can be drawn upon for this 
purpose.  

 

PUBLIC OUTREACH AND EDUCATION  
The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMP 
implementation.  The practice of feeding elk 

evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMP in order to gain general 
consent to modify longstanding elk/bison herd 
management methods.   
 
A detail communication plan to guide outreach 
and education efforts can be found in Appendix 3. 
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SCHEDULE 

 

 

Table 7.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 

 

 

Table 6.  Adaptive Management Plan proposed schedule. 
Action Date 

GPS Collar 30-40 elk prior to strategy implementation (Iridium platform) February 2016 

Public outreach and education March 2016 

Initiate private lands conflicts mitigation contacts/actions March 1, 2016 

Implement enhanced forage monitoring  March 1, 2016 

Initiate changes in supplemental feeding protocol January 2017 

Monitoring/Evaluation/Annual Report June 2017 
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BUDGET 

Table 8. [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Seasonal Biological Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 
     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment distribution1      
     Expanded standing forage estimates1      
     Chronic Wasting Disease, 2 seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 
     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; Iridium Platform $115,000 $25,000 $25,000 $25,000 $25,000 
Bison barrier at NER south entrance $80,000 $1,000 $1,000 $1,000 $1,000 
Adaptive Management Plan annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 
Private lands:      
     Easements / Acquisition      
     Damage reimbursements (Wyoming)      
     Conflict mitigation coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 
Vegetation restoration/protection1      
Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 

Subtotal      
Grand Teton National Park:      
Monitoring:      
     Summer elk classification/distribution      
     Hunter harvest      
     Harvest age distribution      
     Transition range forage production/utilization      
Vegetation Restoration/Protection      
     Temporary bison fencing      
     Hayfields restoration      
     Exotic plant mitigation      
     monitoring      
Elk Reduction Program      

Subtotal      
Wyoming Game and Fish Department:2      
Private lands:       
     elk harvest coordination      
     Easements / Acquisition      
     Damage reimbursements      
     Conflict mitigation coordination      

Add additional lines and categories as needed 
Subtotal      

Grand Total      
1 See detail in Appendix      
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APPENDIX 1.  Summary of primary potential impacts associated with reduced supplemental feeding, 
as identified in alternative 4 environmental consequences section of the Final Bison and Elk 
Management Plan/Environmental Impact Statement (USFWS and USNPS 2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing 

supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter 

forage production, assessments of forage utilization (done jointly by WGFD and NER personnel), 
elk condition and movements, and potentially on the January 1 index of winter severity 
calculations for elk (Farnes, Heydon, and Hansen 1999). 

• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition 

(negligible adverse effect on NER elk from lower nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the 

bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would 

increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider 
distribution. 

• Elk use of lands surrounding the NER would increase, including: 
o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNP 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and 
Gros Ventre segments. 

• As ungulate numbers decreased and supplemental feeding was reduced, competition and 
aggressive social interactions on the refuge would also be reduced. 

• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability 
would have a greater influence on numbers, movements, distribution, and mortality. 

• More elk would be subject to natural factors affecting mortality, including loss of body 
condition, predation, and starvation. 

• Increased mortality on and off the refuge would mainly affect older elk and calves, and some 
prime bulls entering the winter energetically stressed due to rut activities. 
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• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 

1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due 
to tuberculosis, septicemic pasturelosis, and CWD. 

• The health and sustainability of the Jackson elk herd would be increased gradually as 
supplemental feeding was reduced and there was greater reliance on standing forage and wider 
ungulate distribution. 

• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and 

potential transmission of brucellosis, as well as potential for spread of diseases not yet in the 
population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, 
to coordinate actions that would prevent conflicts due to elk dispersal and to defray costs of 
managing potential conflicts. Preventing access to food/hay rewards on private lands would be 
vital for effective management. 

• Private land conservation easements within NER boundaries would promote wider distribution.  
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APPENDIX 2.  Monitoring Supplemental Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured at every 5 steps along the random bearing 
determined for each site.  At each subplot a 13.27” diameter metal sampling ring will be placed on the 
ground. The amount of forage available to elk within the sampling ring (dry weight in grams) will be 
visually estimated.  The 13.27” diameter subplot allows easy conversion from grams to lbs. per acre 
(each gram is equivalent to 100 lbs. per acre). During annual forage production sampling, refuge 
biologist Eric Cole has made approximately 1,000 of these visual estimates per year for 17 years, and 
33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will be the 
principal estimator, but additional personnel will be trained in these techniques to provide redundancy 
in the event of personnel changes, and to increase the number of observers to facilitate estimation of 
error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward when 
snow cover is limited, but estimating how much of the forage is accessible to elk when snow is dense, 
deep and crusted can be subjective.  To decrease the subjectivity of the estimation process, if the area 
under the sample ring is covered with snow, only forage that can be exposed with a gloved hand will be 
included in the estimate of available forage.  Forage that is fouled with manure and/or flush with the 
ground due to trampling and/or encrusted in ice will not be included in the estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an equivalent 
lbs./acre value (1 gram=100 lbs./acre).   The arithmetic mean of available forage (lbs./acre) for the 10 
subplots provides an estimate of available forage for each index site.  There are 3 sample site categories: 
1) Historic  Key Index Sites that have been used since 2007, 2) New randomly selected sites within areas 
preferred by elk, and 3) New randomly selected sites in areas not preferred by elk.  Historic key index 
sites were not randomly selected, but were instead selected to represent areas most preferred by elk on 
the south end of NER.  These were the sites used to determine when supplemental feeding would be 
initiated from 2007 until the implementation of the AMP.  To facilitate comparison with pre-AMP data, 
we will continue to use mean lbs. per acre across historic key index sites to determine the 300 lbs. per 
acre threshold.  However, post AMP implementation we will delay feeding initiation by 2 weeks once 
the 300 lbs./acre level has been reached.  We will concurrently sample at randomly selected sites 
stratified on an annual basis between areas highly preferred and not highly preferred by elk.  This will 
enable us to quantify the relationship between mean forage availability at historic key index sites and 
random sites over time. 
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APPENDIX 3.  Communication Plan 
 
Communication Goals 
 
Prior to the Adaptive Management Plan’s Implementation 
 
• Utilize a variety of outreach methods to inform the public on the goals and timing of the Adaptive 

Management Plan’s implementation and possible effects on wintering herds. 
• Utilize a variety of outreach methods to inform the public on public comment opportunities. 
• Identify and coordinate key messages and outreach with USFWS regional and national offices, State and 

federal agency partners, non-profits, elected officials, and other identified audiences. 
 
During the Adaptive Management Plan’s Implementation 
 
• Continue to utilize a variety of outreach methods to describe current management actions as well as 

measurable and noticeable changes on the landscape, in animal behavior, or in animal health. 
• Provide a comprehensive overview of the Adaptive Management Plan by providing links and references 

to previous outreach and background information. 
 
Communication Objectives 
 
• Work with current media contacts to promote news of the Adaptive Management Plan via print, radio, 

Web, and social media platforms. 
• Utilize new media and social media tools to provide information on why the Adaptive Management Plan 

was developed, what public comment opportunities exist, and how the plan is being implemented. 
• Plan, coordinate, and execute public meetings to allow for public comment and questions on the plan. 
• Develop and provide methods for the public to submit written comments on the Adaptive 

Management Plan. 
• Monitor print media on Refuge elk and bison management to see how Adaptive Management Plan 

objectives and reactions are being portrayed to the public. 
 
Current Outreach Resources 
 
• National Elk Refuge web site 
• National Elk Refuge news release list 
• (approximately  300 contacts) 
• National Elk Refuge Twitter site (1,039 followers) 
• Bison and Elk Management Plan web site (http://www.fws.gov/bisonandelkplan/) 
• Space for an 11” x 17” poster in the Visitor Center on Refuge management topics 
• Display panels in the Visitor Center theater for temporary displays 
 
Available Supporting Outreach Resources 
 
• USFWS Mountain–Prairie External Affairs staff 
• USFWS Mountain–Prairie web site, including the 
• “Top Stories” feature 
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• USFWS Mountain–Prairie Twitter site USFWS Mountain-Prairie Region Facebook page 
• USFWS National Wildlife Refuge System 
• Facebook page 
• USFWS Facebook page 
 
Previous Outreach Efforts 
 
• NER routinely writes and disseminates news releases on Refuge management activities, including the 

Comprehensive Conservation Plan, supplemental feeding, herd health monitoring, and forage 
production.  

• Post the above news stories as Content. 
• Management System (CMS) articles. 
• Post CMS news story promos so they prominently appear on the home page, linking readers to the 

articles. 
• Send out Twitter messages linking viewers back to the news stories. 
• Prepare, upload and provide links to Adobe PDF versions of news stories with addtional photos where 

additonal images are available and/or help understand or visualize the content. 
• Utilized the Conservation link on the web Content 
• Management System to post information about 

the Bison and Elk Management Plan and the draft Comprehensive Conservation Plan. 
• Retained and provided a link to the original Bison and Elk Management web page (http://www.fws. 

gov/bisonandelkplan/) that was developed during the planning process. The web site includes links to 
the Final Plan/EIS, Record of Decision, Federal Register Notice of Availability for both the Record of 
Decision and Final Plan/EIS, associated news releases, public meeting highlights, and other related 
documents. Note: the National Elk Refuge does not manage the site. 

 
Additional Outreach Opportunities 

 
• Public meetings in Jackson and other identified locations. 
• Service produced video; video could be posted to the National Elk Refuge’s multimedia web page, or 

USFWS Mountain–Prairie home page “Top Video” feature. 
• Live radio interview on KHOL (Jackson, WY radio) 
• Wyoming Public Radio interview with Refuge management staff 
• Interviews with local print media sources 
• Updates at community leader meetings such as Rotary Club, Jackson Hole Chamber of Commerce board 

meetings, and interagency breakfast meetings (with Federal agencies and local elected officials). 
 
Target Audiences 
 
Internal 
• Regional and National USFWS Leadership 
• Refuge permanent staff 
• Refuge seasonal staff 
• Refuge volunteers 
 
External 
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• Congressional representatives 
• State of Wyoming leadership 
• Federal agency partners, particulary Grand Teton National Park and the Bridger–Teton National Forest 
• Wyoming Game & Fish Department 
• Other NER partners, including county and town agencies and local nonprofit organizations 
• Local elected officials 
• Private landowners in proximity to the National 
• Elk Refuge or neighboring Federal lands 
• Tribes 
• Local and state media 
• Local public 
 
Key Outreach Topics 
 
• Overview of BEMP objectives 
• Strategy to change elk/bison behavior 
• Threat of disease 
• Natural mortality rates 
• Anticipated winter distribution changes for bison/elk 
• Mitigate negative effects on private lands 
• Change elk behavior and distribution while avoiding increased mortality. 
• Explain the historic reasons a supplemental feeding program began and why it was continued.   
• Explain the NER’s limited large ungulate carrying capacity and the disproportionate impact of bison 

on available forage; 3 elk = 1 bison. 
 

  



 

 41  
 

APPENDIX 4.  Models 

Elk winter distribution model 
 
The proportion of the JEH that winter on the NER will be linked to factors hypothesized to influence elk 
winter distribution (Fig. 2) using a generalized linear mixed effects model (GLMM). A GLMM can account 
for a proportional response variable (i.e., constrained to the interval 0–1) using a log link and binomially-
distributed errors. A GLMM also includes fixed and random effects, with the latter capturing residual 
model variance otherwise not explained by fixed effects. Year will be including as a random effect, 
providing several benefits. First, we don’t assume years are independent and comprise all of the factor 
levels of interest. Instead, the effect of year is treated as a random variable, with individual year effects 
realizations of that distribution. This allows inference to non-sampled factor levels, i.e. years, by 
estimating a latent population-level proportion of elk expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect can be considered a latent variable describing elk 
behavior manifested as observed winter distribution. Second, because year effects are not treated as 
independent, estimated effects of year on the proportion of JEH elk wintering on the NER are 
dependent on all factor levels, leading to greater precision when estimating individual year effects (Kéry 
2010).  
 
The full GLMM incorporating fixed effects for each factor identified as influencing elk winter distribution 
(Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 + 
𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝑆𝑆𝑡𝑡 + 𝜀𝜀𝑡𝑡 

 
where the random intercept and residual model variance are 
 
𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0

2 ), and 
 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
 
Fixed effects include 1) per capita available forage at initiation of winter feeding (AFI) , 2) proportion of 
the JEH that are short-distance migrants (SDM), 3) number of wolf packs present on JEH native winter 
range (WP), 4) growing season (May–August) precipitation for the Wyoming Snake Drainage climate 
division (GSP; a proxy for available forage on native winter range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. (2003) has as an output weekly available forage biomass 
for the NER (sum of predictions for 30 × 30 m cells). These predictions account for snow conditions using 
a proxy of SWE and decrement total available biomass by 35% to account for unpalatable plants within 
the total estimate.  
 
While calf survival is a function of multiple factors (Fig. 3), the primary management action influencing 
calf survival is supplemental winter feeding. Current winter feeding initiation criteria lead to calf survival 
generally higher than in unfed populations. Proposed feeding initiation criteria will result in later 
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initiation of supplemental feed, which will be most influential to calf survival. There is currently little 
understanding regarding the relationship between initiation of winter feeding and calf survival, except 
that current feeding initiation criteria result in high calf survival. We believe a threshold level of 
available forage at initiation of winter feeding exists such that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized to decline quickly with reductions in available forage 
at winter feeding initiation. Available forage at the initiation of winter feeding will be related to on elk 
calf winter survival using a saturating function (i.e., Holling type-II functional response; Fig. 6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf survival is related to available forage. Maximum calf survival 
is a, and b represents the value of available forage to an individual when survival is 50% of a (Hilborn 
and Mangel 1997).  
 
Although this approach doesn’t capture forage deficits per se, it does provide a potentially sensitive 
proxy for this concept. It is assumed that a forage deficit for calves would occur at a point on the curve 
of the relationship between calf survival and available forage at initiation of supplemental feeding. 
Modeling the response of winter calf elk survival to changes in feeding initiation criteria facilitates our 
ability to maximize the influence of feeding initiation criteria on winter distribution while minimizing the 
likelihood of a large mortality event.   
 

 
 Hypothesized relationship between winter survival of elk calves and per capita available forage at initiation of 
winter feeding on the National Elk Refuge.  
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EXECUTIVE SUMMARY [incomplete] 

 

Overview 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands, focused on four broad goals related to: 1) 
habitat conservation; 2) sustainable populations; 
3) numbers of elk and bison; and 4) disease 
management.  The final plan directed the NER 
and GTNP (in conjunction with the Wyoming 
Game and Fish Department; WGFD) to maintain 
the state’s elk herd objective of 11,000, establish 
a bison population objective of 500, restore 
habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program, when necessary in GTNP,  
continue to vaccinate elk for and effective 
vaccine becomes available, and develop a 
dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework referenced in 
the Record of Decision. 
 
Background 
Winter feeding of elk in Jackson was originally 
initiated to reduce winter mortality of elk and 
minimize depredation of ranchers’ hay.   The loss 
of available winter range in Jackson Hole due to 
new ranching operations and a growing town 
resulted in significant numbers of elk dying during 
several severe winters in the late 1800s and early 
1900s. This prompted local citizens and 
organizations, as well as state and federal officials 
in Jackson Hole, to begin feeding elk in the winter 
of 1910–11. Congress heeded the appeals for 
assistance and on August 10, 1912, established 
the National Elk Refuge. Today, the need for the 
refuge’s winter elk feeding program is a direct 

result of reduced access to significant parts of elk 
native winter range, loss of historic migration 
patterns, behavioral conditioning of elk to winter 
feeding, and the desire to maintain a population 
objective established in the context of 
supplemental feeding. 
 
Bison were extirpated outside Yellowstone 
National Park (YNP) by the mid-1880s but in 1948 
were reintroduced to Jackson Hole when 20 bison 
from (YNP) were released near Moran, Wyoming.  
The herd remained small until discovering elk 
feedlines in 1980, when the population began 
sustained population growth.  Bison and elk that 
winter on the NER are migratory and occupy 
summer ranges predominantly to the north. 
 
Objectives 
This adaptive management plan addresses 
several objectives under a broader BEMP goal of 
sustainable populations, which directed the 
agencies to: 1) Develop an adaptive management 
plan for reducing NER supplemental feeding; 2) 
[implement a] phased reduction of animals on 
feed: a) to 5,000 elk and 500 bison, and b) [to a 
point where] elk and bison rely predominantly on 
native habitat; 3) maintain natural elk bull-to-cow 
ratios in park summer herd; and 4) Enhance 
public outreach/education.  The BEMP further 
stated that consideration criteria for 
implementing the 2nd phase of reduced feeding 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on  private 
lands during high risk disease transmission 
periods, 4) maintaining desirable winter 
distribution patterns of elk and bison, 5) the 
prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
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transitioning from winter feeding of elk and 
bison on the NER to greater reliance on free-
standing forage, while maintaining population 
and herd ratio objectives.  
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies approximately 
8,000 km2 in the upper Snake River watershed 
north of the town of Jackson (Fig. 1).  Much of the 
herd is migratory, moving between distinct 
wintering and summer ranges.  Primary wintering 
areas include the Buffalo Valley, lower elevations 
of the Gros Ventre River drainage, the National 
Elk Refuge (NER), and areas adjacent to the NER 
on Bridger-Teton National Forest (BTNF) lands.  
Summering areas occur throughout the herd’s 
range and for convenience are divided into four 
geographic regions that include Grand Teton 
National Park (GTNP), Yellowstone National Park 
(YNP), the Gros Ventre drainage, and Teton 
Wilderness (Cole 1969, Smith and Robbins 1994).   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 

“tusk hunters” and large-scale commercial 
hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER and the town 
of Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
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and federal officials in Jackson Hole, to begin 
feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 

reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and belownear its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
 
An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 
Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 
tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley (citation?), but were 
extirpated outside Yellowstone National Park by 
the mid-1880s. In 1948, 20 bison from 
Yellowstone National Park (YNP) were 
reintroduced to the 1,500-acre Jackson Hole 
Wildlife Park near Moran. The Jackson Hole 
Wildlife Park was a private, non-profit 
organization sponsored by the New York 

Zoological Society, the Jackson Hole Preserve, 
Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 
to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and a variety of feeding 
strategies are employed to help reduce  
displacementreduce displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
3).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 

sport hunt administered by WGFD.  This plan was 
halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig 3).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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USFWS 2007) considered six alternatives for 
bison and elk management focused on four broad 
goals related to: 1) habitat conservation; 2) 
sustainable populations; 3) numbers of elk and 
bison; and 4) disease management.  The primary 
management scenarios presented in the 
alternatives included the status quo, terminating 
elk and bison hunting on the NER and the elk 
reduction program in GTNP, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework listed on 
page 5 of the Record of Decision (Fig. 4).  It does 
not address other on-going bison and elk 
management actions already prescribed by the 
BEMP. 
 
The BEMP scheduled the completion of an 
Adaptive Management Plan for 2008.  However, 
litigation challenging the BEMP in 2008 led to the 
decision to postpone its development until 
litigation was resolved.  As of March 2015, two 
court rulings have upheld the 2007 BEMP and 
ROD. In a lawsuit against the  BEMP and its 
author agencies (Defenders of Wildlife et al. v. 
the U.S. Department of Interior and State of 
Wyoming 2010), plaintiffs argued that the BEMP 

violated the National Wildlife Refuge System 
Improvement Act (National Wildlife Refuge 
System Improvement Act 1997) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 
agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling 
(Defenders of Wildlife et al. v. the U.S. 
Department of Interior and State of Wyoming 
2011).   
 
National Environmental Protection Act 
Compliance 
 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   
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Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 
objectives, 2) knowledge (including descriptive 
models) of the dynamics of the system being 
managed, 3) clearly articulated management 
actions and strategies, and 4) a monitoring 
program to evaluate responses of the system to 
management actions (Walters 1986).  

 
 This step-down plan utilizes adaptive 
management planning principles but is not 
intended to meet include all of the elements 
adaptive management planning elements 
outlined in the Department of Interior Adaptive 
Management Technical Guide (2007).  This Step-
Down Plan is more accurately described as a 
“structured framework” of adaptive management 
actions that progressively transitions from 
supplemental winter feeding to greater reliance 
on free-standing forage (BEMP ROD p.5).     
 
 

 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 
goals, 20 associated objectives were addressed 
identified(Table 1).  This adaptive management 
plan addresses four objectives under the goal of 
sustainable populations (Fig. 5). 
 
In Phase 1 of the second objective, the aim is to 
reduce the average number of elk on feed to 
5,000 (while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP-adopted objective of 500. In 
Phase 2, the overall objective is to reduce the 
reliance of bison and elk on supplemental feed 
(USFWS and USNPS 2007a).  Desired conditions 
include animals relying predominantly on native 
habitat and cultivated forage. Important 
consideration criteria for implementing Phase 2 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
private lands during high risk disease 
transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a pathoutline a framework for 
progressively transitioning from winter feeding of 
elk and bison on the NER to greater reliance on 
free-standing forage, while maintaining 
population and herd ratio objectives. 
 

This Plan focuses on management actions to 
initially achieve Phase 1 objectives. However, if 
successful, these actions will continue to be used 
to achieve the Phase 2 objective of reducing 

Table 1.  2007 Bison/Elk Management Plan 
Goals and Objectives (Adaptive Management 
Plan objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and 

cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives: 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 
Suggest referring to page numbers in 
BEMP for these obj 

• Phase reduction of animals on feed: 1) 
to 5,000 elk and 500 bison, and 2) elk 
and bison rely predominantly on native 
habitat. 

• Maintain natural bull-to-cow ratios in 
park summer herd. 

• Ensure a genetically viable bison herd 
with close to an even sex ratio. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 
11,000. 

• Maintain a genetically viable bison 
population of about 500 animals. 

Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk 
from elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

• Educate hunters about wildlife disease 
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reliance on supplemental feeding while considering the six criteria listed above.      
 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and even abundant during some years.  Because 

it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The 
management stepdown approach will necessarily 
be one of investigation, constant evaluation, 
modifications to approach when indicated, and 
repeated trials (Fig 4).  As such the approach will 
also be experimental,  guided by rigorous analysis 
and design, based on abundant empirical 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, and some 
of which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,200 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 
to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000, but because the proportion of the 
Jackson Elk Herd that winters on NER has 
increased dramatically (Fig. 6), this will make 
achieving the Phase I objective of 5,000 elk on 
feed and any future elk population reductions 

more difficult.   Preliminary modeling suggests 
that the increasing proportion of the Jackson Elk 
Herd wintering on NER has been associated with 
1) changes in elk winter distribution associated 
with wolves (citation?) and 2) high numbers of 
elk that summer immediately adjacent to NER 
(Cole and Foley et al. 2015).   
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013. In recent years irrigation of approximately 
3,600 acres has increased refuge-wide forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone, and by 15% in the southern 
portion of NER which receives the greatest use by 
elk and bison. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes will may have implications for 
elk and bison management. 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.  
 
 Chronic Wasting Disease 
Supplemental feeding has occurred in all but 9 
winters on NER since 1912, and although this 
strategy minimizes winter elk mortality from 
starvation and contributes to Wyoming state elk 
herd objectives, elk occur at numbers and 
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densities well in excess of carrying capacity 
(Smith et al. 2004, Lubow and Smith 2004).  
Considerable evidence suggests that Chronic 
Wasting Disease (CWD) transmission and 
prevalence are density dependent (Peters et al. 
2000, Williams et al. 2002).  Monello et al. (2014) 
found that elk densities of 15-110 per square km 
in Rocky Mountain National Park were associated 
with 13% CWD prevalence, and they predicted 
elk population declines when CWD prevalence 
exceeded 13%. NER elk densities commonly 
exceed 160 per square km (NER unpublished 
data), which suggests that the introduction of 
CWD to NER elk would have significant negative 
population effects over time. 
 
Winter Feeding 

Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs/ac. Historic radio 
telemetry data and observations of elk 
movements indicate that when available forage 
delclines below 300 lbs/ac., some elk leave NER 
for surrounding private lands. Therefore, the 
purpose of this feeding trigger is to keep elk on 
the NER and prevent them from searching off-
refuge for forage which increases the potential of 
comingling.  This trigger is not a warning that a 
significant nutritional deficit threshold has been 
reached.  Available winter forage for elk and 
bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 
lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2015, relative to the current objective. 
  OBJECTIVE 2011 2012 2013 2014 2015 mean 
NER 5,000 7,746 7,360 6,285 8,296 8,390 7,615 
Gros Ventre 3,500 2,775 3,265 2,982 2,326 1,162 2,502 
Native Range1 2,500 982 894 1,784 801 913 1,075 
Total 11,000 11,503 11,519 11,051 11,423 10,465 11,192 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 
 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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drainage feedgrounds (Alkali, Patrol Cabin, Fish 
Creek) occurs annually to help minimize 
movement of elk between these areas. This 
coordination will continue regardless of the 
management strategy employed. The relationship 
of recent elk numbers and objectives for NER and 
WGFD-operated feedgrounds and native range is 
shown in Table 2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56, range 329-457) hunters harvested 161 
(SD = 38, range 126-225) elk per year during the 
NER hunt.  

The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 8).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5, 
range 139-301) bison per year.  This level of 
harvest has been sufficient to arrest the 
exponential growth of the population, reducing 
bison numbers from the peak in 2007 to about 
700 animals in winter 2015 (Fig 3). Tribal bison 
harvest of up to 5 animals for ceremonial 
purposes was authorized in the BEMP.  
Translocation of wild bison to lands outside of 
Teton County is not currently permitted due to 
brucellosis concerns.  
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Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions.  
 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER year around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 

and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease several days to weeks before the 
bison hunting season in an effort to increase 
hunter harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 
acreasacres of previously irrigated and cultivated 
grasslands in GTNP in need of restoration to 
native sagebrush grasslands community.  
Objectives of ecological restoration include 
restoring abandoned hayfields to native 
communities to improve wildlife forage and 
habitat, and visitor opportunities to enjoy wildlife 
viewing.  After 2 years of research and field 
studies, restoration efforts began in 2008.  The 
restoration process involves several steps 
including: prescribed fire, herbicide applications, 
cereal grain cover crops, and finally native 
seeding. Substantial progress in this endeavor has 
been made since 2007, including:   Currently, 
1,184 acres of previously cultivated lands are 
under restoration treatment.  Of the 1,184 acres 
undergoing treatment, 657 acres has been 
seeded with native grass, shrub, and select fob 
mixes.  One hundred of these acres are currently 
fenced to reduce grazing pressure from bison and 
other ungulates.  The remaining 527 acres will be 
seeded once removal of the invasive vegetation is 
successful.  All treatments are monitored for 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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  Figure 8.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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native plant establishment and invasive plant 
infestations and treatments will be adjusted as 
necessary.  The park will continue to seek funding 
for additional restoration of the remaining areas.    
[GTNP folks please add short description of 
methodological research and implementation, 
followed by what remains to be accomplished] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 
  
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
occurs one day in early February and includes 
ground counts of animals on feed at the NER and 
aerial counts of outlying bison across their winter 
ranges on the refuge, park, and Bridger-Teton 
National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 

season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 
that winter would equal 5,000 elk X 100 days = 
50,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 25,000. 
 
We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 
bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Implementation of the AMP will have successfully 
attained the objective of “transitioning from 
intensive supplemental winter feeding to greater 
reliance on free-standing forage” when 
supplemental feeding was not used for more 
than 50% of the years in a 5 year period. 
 
Initial success of AMP implementation will be a 
consistent decline in the 3-year running average 
of elk and bison fed days from the established 
baseline. While the BEMP did provide specific 
measurement criteria for the definition of 
“transitioning from intensive supplemental 
winter feeding to greater reliance on free-
standing forage” we will consider this objective 
met when the 3-year running average of elk and 
bison fed days is <50% of baseline for 5 years in a 
row.   
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Several management constraints are common to 
the strategies discussed below (Table 3).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements 
in GTNP.  Similarly, compliance with the 
Wyoming greater sage-grouse core area 
protection executive order (2011-5) could restrict 
habitat manipulations.  NEPA compliance 
conducted as part of the BEMP/EIS constrains 
what federal actions can be taken as a part of this 
plan.  State regulations constrain late (winter) 
hunt and carcass disposal timing to protect 
against brucellosis contamination, since 
February-April represent the period bison and elk 
are most likely to transmit the disease.  
Restrictions on hunting timing also result from 
BTNF winter range closures, immediately east of 
the NER and elsewhere, December 1 to April 30.  
Additional details about these and other 
constraints will be included in discussions about 
specific strategies that follow. 
 
Strategies 
 
This section will describes the management 
action this AMP proposes to implement.  As such, 
it unveils the heart of management changes 
necessary to begin the process of transitioning to 
more greater reliance of bison and elk on native 
forage during winter.  Fundamentally, the 
strategies discussed in this plan represent an 
experiment designed to achieve Phase I 
objectives of 5,000 elk and 500 bison on NER and 
are a first step towards reducing reliance on 
supplemental feeding while meeting the 
sustainable population goals identified in the 
AMP. 
 
Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies to 
achieve phase I objectives are modifications to 

Table 3. Summary of potential Adaptive 
Management Plan constraints.  
Policy 
• ESA1 Lynx – limits on habitat impacts 
• Greater Sage Grouse – core area protection 
• 2007 BEMP/EIS (federal actions/lands) 

o No fertility control 
o No test and slaughter 
o Limited tribal harvest 

• Bison/elk hunt end date (Feb. 1st)  
o WGFD, brucelosis safety 

• Carcass disposal (Feb. 15th) 
o WGFD, brucellosis safety 

• Forest Service winter closure  
(Dec. 1st – April 30th) 

• Easement limitation (NER boundary) 
Winter Feeding 
• Only during non-hunting periods 
Harvest 
• State regulations 
Vegetation Restoration/Protection 
• Bison/elk distribution 
• Exotic plant species management 
Private Lands  
• Owner agreements 
Social 
• Hunter density (safety; hunt quality) 
• Elk/bison winter mortality levels 
• Public safety (ungulate/vehicle collisions) 
• Disease  
• Land-use conflicts (agricultural and  

residential) 
Biological 
• Disease (bison/elk/cattle commingling) 
• Sage grouse habitat conflicts 
• Fencing/wildlife conflicts 
• Elk herd distribution 

o summer segment distribution goals 
Funding 
• Easement purchase 
• Plan implementation 
1Endangered Species Act 
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winter feeding and hunting seasons.  To a lesser 
extent, vegetation protection and restoration can 
be important, particularly for improving long-
term ecological balance and enhancing natural 
production of native forage.  Private lands are 
also an integral component as changes in elk and 
bison distribution occur and new challenges 
develop.  The likely consequences of 
implementing these strategies were evaluated in 
the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously and 
systematically. The strategies discussed below 
have been developed in this context, with 
appropriate feedback mechanisms through 
rigorous monitoring and frequent evaluation.  
Inability to meet this objective under the 
strategies presented here would trigger a 
thorough evaluation and development of more 
aggressive strategies. 
 
Chronic Wasting Disease 
In 2014 WGFD began the revision process for the 
Wyoming CWD Management Plan (2006). WGFD 
has cooperated with federal agencies and other 
stakeholders to revise the plan, and NER and 
USFWS Region 6 Wildlife Health Office staff 
participated in several meetings associated with 
this effort.  One goal of the CWD Management 
Plan update is to develop specific management 
responses should CWD be detected on or 
adjacent to State or NER elk feedgrounds.  Early 
detection of CWD in the JEH is essential to ensure 
an effective management response. 
 

Since 1997 NER has cooperated with Wyoming 
Game and Fish Department (WGFD) to conduct 
surveillance for CWD in the JEH unit. Although 
this effort indicates that CWD is not currently 
found in the JEH, continued surveillance at 
sample sizes sufficient to detect 1% prevalence 
with 95% confidence annually will be critical to 
ensure a timely management response and limit 
the long-term population effects of the disease 
(USFWS and NPS 2007).  Given that CWD has 
been detected within 40 miles of the JEH in 
moose, within 70 miles in deer, and within 175 
miles in elk, this level of surveillance is 
warranted.   
 
Winter Feeding 
Winter feeding actions that could be modified 
include starting date, ending date, and daily 
ration.  To modify elk and bison behavior in the 
long run, delaying initiation of feeding is likely to 
have the greatest impact by gradually 
conditioning them to expect feed later on 
average, with the desired outcome of building a 
cohort of animals that rely primarily on native 
winter range and are not food conditioned. To 
reduce supplemental feeding overall, ending 
feeding early would also help decrease the 
amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   

 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 4, Fig. 9).   Time of season could 
influence this interval, most likely shortening it as 
the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from December 30 to February 28.  Delaying 
feeding by two weeks in January, for example, is 
likely to be more successful than doing so in 
February, when food stress and tendency for 
animals to move to private lands is greater.  
Forage availability could also have an influence, 
particularly if a freeze thaw event resulted in an 
acute and large reduction in available forage.  
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Both time of season and forage availability 
considerations would be affected by the numbers 
of elk and bison on the NER.  And finally, the 
distribution of animals, particularly on private, 
livestock producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer experience a nutritional deficit 
and mortality because of beingthey are displaced 
from feedlines by more dominant animals.  
Monitoring programs will include measures of 
calf mortality and it will be an influencing 
parameter in feedback mechanisms.  The BEMP 
anticipated that elk mortality could increase from 
1-2% overall to 1-5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32% based on an average 
feeding season length of 9.3 weeks from 1995-
2015. 
 
The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites and on-going measurements at those sites 
throughout the winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 
hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 4).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 

Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNP summer segment (since most 
park bulls migrate to the NER) would help inform 
levels of take proposed.  Bow hunting in areas 
currently closed to firearms will likely increase 
harvest by eliminating “no-hunt” areas which can 
become sanctuaries for large numbers of elk. 
Shifting the hunt one week later is consistent 
with later migrations and will improve harvest 
effectiveness. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has lead to significant increases of winter 
elk concentrations on the NER.    
 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later (Fig ?).  This trend 
may necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
 
Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 4).  Consideration would be given to later 
hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, State 
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quotas will likely be reduced and management 
flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Serious consideration should would? be given to 
reducing the bison herd population objective in 
the future.  This would lower winter forage 
consumption on the NER and help reduce elk and 
bison winter concentrations.    
 
The current bison herd objective is “. . . maintain 
and ensure a genetically viable population of 
approximately 500 animals (five-year average), 
with as close to an even sex ratio as possible to 
maximize maintenance of genetic variation over 
time. . .” (BEMP p. 136).    
 
The Jackson bison herd is not considered part of 
the U.S. Fish and Wildlife Service’s meta-
population approach to bison conservation 
because of its high prevalence of brucellosis.  This 

disease prevents the export of Jackson bison to 
other DOI conservation herds. 
 
The 500 bison population objective was set 
primarily to preserve existing genetic diversity 
assuming extremely limited natural genetic 
transfer with the Yellowstone or other DOI bison 
conservation herds.  Genetic diversity can be 
maintained for a Jackson bison herd less than 500 
if bison with desirable genetic diversity are 
periodically imported from other DOI bison 
conservation herds.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 
spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Figs. 9 and 10). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   
 
Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 

 

Figure ?. The annual fall/winter arrival of elk to 
the NER during the past several decades has 
been occurring progressively later.  This trend 
may necessitate extending the elk hunting 
season later into the year to achieve harvest 
objectives. 
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Several strategies would be employed to mitigate 
potential problems (Table 4), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 
purchase private lands easements to prevent co-
mingling. A vital component in implementing 
these mitigation measures is to establish three 
seasonal Wildlife Conflict Technician positions 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the AMP 
(see Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMP mitigation efforts.  
 
Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    
 
Vegetation Restoration/Protection 
 
[NER and GTNP staff to draft material] 
 

Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 
 
A private lands Hunting Coordinator Position 
would be established and supervised by the 
WGFD to promote and coordinate hunting 
activity focused on Southern Herd Segment 
harvest in and around private lands in the Spring 
Gulch Area north to Moose, WY (Hunt Area 78).    
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Table 4 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold  <= 10%  
  Elk/bison distribution - visual    
  Elk/bison distribution –  
  collars 

   

  Winter mortality    
  Elk summer range 
  proportions 

   

GRTE summer elk count    
GRTE summer bulls ratios    
Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 
   Structure  - 1 week initial drawing 

- 1 week left over 1st 
served 
- partial week alternate 

- 1 week initial drawing 
- 1 week left over 1st 
served 
- partial week alternate 
- daily 1st served 
alternates 

 

1Number elk and bison on feed per day, totaled by feeding season. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   Landscape damage    
   Easement acquisition    
    
Vegetation Restoration/ 
Protection: Elk Refuge 

   

    
Vegetation Restoration/ 
Protection: Grand Teton 
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Figure 9.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure  10. [example] Framework for harvest strategy and adaptive management. 
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Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMP (Table 5).  Since they were not part of the 
ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management plan, and thus they are 
not being considered at this time.   

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation and cessation of winter feeding). Fig. 11 
describes possible factors that affect winter elk 
distribution (the proportion of elk on NER 
feedgrounds versus native winter range). Models 
will be used to identify the relative influence of 
our principal management strategy (a reduction 

in feed season length) and other factors on 
winter elk distribution (Appendix 3).  Over time 
this will allow us to assess whether changes in elk 
distribution were the result of our management 
actions or due to factors outside of our control.  
 
An increase in calf elk winter mortality is a 
potential result of reduced feed season length.  
Fig. 12 portrays factors that influence winter calf 
elk survival on NER.  
 

Table 5.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due 

to major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest 
herd segment in Hunt Area 78 on private lands, where 
federal agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for 
AMP because current hunting programs appear effective 
at slowly moving the herd toward the 500 animal herd 
objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands 
because current hunting programs that utilize sport 
hunters are effective at meeting herd objectives. 

Altering rations of supplemental feed Rejected as a strategy because reducing daily feed ration 
below 8 lbs/elk would be enough feed to encourage elk to 
remain on NER but would result in unacceptably high elk 
calf mortality rates. 
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Models will be used to assess the effects of 
available forage on winter calf elk survival 
(Appendix 4).  Over time this will allow us to 
assess the effects of our principal management 
strategy (reducing feed season length) relative to 

other factors on elk calf survival and potentially 
adjust our management actions based on model 
results. 
  

 
  

 

Figure 11.  Influence diagram depicting factors (including management actions) influencing outcomes 
identified in the Bison and Elk Management Plan (BEMP; USFWS 2007a). Gray hexagons represent outcomes, 
rectangles represent management actions, rounded rectangles represent factors with numerical objectives, 
and ovals represent factors outside of management control. Bolded polygons and arrows represent outcomes 
and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed rectangle) 
is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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MONITORING  
 
Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers; and 3) extending the monitoring 
period later in the winter to assess the 
relationship between available forage and elk and 
bison distribution. 
 
To better represent the total amount of forage 
available on the southern half of NER, a 

subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional random sample sites 
stratified by elk habitat preference will be added.   
Historic elk distribution mapping and elk GPS 
collar data (NER unpublished data) suggest that 
the areas most preferred by elk on southern NER 
are associated with moderate to high forage 
production and green vegetation.  Because the 
distribution of forage production and greenness 
characteristics vary annually based on irrigation 
and precipitation patterns, we will annually map 
areas preferred and not preferred by elk and 
sample sites will be randomly selected within 
each of these mapped categories.   At least 3 
historic key index sites, 3 random sites in areas 
preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 

 

Figure 12. Influence diagram depicting factors (including management actions) influencing bison and elk fed 
days on the National Elk Refuge (see text for description) and winter calf elk survival. Gray hexagons represent 
outcomes, rectangles represent management actions, rounded rectangles represent factors with numerical 
objectives, and ovals represent factors outside of management control. Bolded polygons and arrows represent 
outcomes and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed 
rectangle) is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average 
forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the 
monitoring period will be extended to include the 
intervening 2 weeks.   
 
Proportion of Elk Wintering on NER 
 
A principal AMP goal is to reduce the number of 
elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 
each year, we will calculate the proportion of 
total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 

running average post AMP implementation to the 
pre-implementation baseline.  The pretreatment 
baseline will be comprised of data from 2008-
2016, a time period that represents BEMP 
implementation prior to AMP actions (Figure 13).   
 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMP implicitly assume that the 
transmission rate and prevalence of elk and bison 
diseases are density dependent and positively 
correlated with the number of elk and bison 
utilizing feedgrounds and the number of days 
they are fed.  We further assume the variables 
elk-fed-eays days (EFD) and bison-fed-days (BFD) 
are a proxy for these conditions. EFD and BFD will 
be calculated annually for each species based on 
the following formulas:  
 
 
 

 

Figure13. Proportion of the Jackson Elk Herd that was 
classified on NER feedgrounds in the period following 
implementation of the Bison and Elk Management Plan 
and prior to the implementation of the Adaptive 
Management Plan (2008-2015).  These values 
represent the pretreatment baseline which will be 
compared to the 3 year running average post AMP 
implementation. 
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EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 
 
BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 

comparing the 3-year running average post AMP 
implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account for wide annual variation in EFD and BFD 
associated with winter severity (Fig. 14) 
 
Elk Winter Mortality Monitoring 
 
NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMP implementation, 
which will allow trend comparisons to the pre 
AMP baseline (Figure 15).  Under the AMP 
framework, we believe the 3 year running 
averages for total and calf winter elk mortality 
will be within the range of variation exhibited by 
the pre AMP baseline.  Historic monitoring 
suggests that calf and total mortality are sensitive 
to winter severity and disease outbreaks, and 
that winter mortality occasionally exceeds >3% 
total mortality and >10% calf mortality.  Post 
AMP mortality in excess of these levels may 
warrant shortening the 2-week feeding initiation 
delay in subsequent years. 
 
Elk Collaring 
 
One of the AMP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas.  To quantify this effect and provide real 
time information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 
sample of 50 GPS collars on elk that winter on 
NER throughout the AMP implementation period.  

 

 
 
Figure14. Elk Fed Days (EFD) and Bison Fed Days 
(BFD) in the period following implementation of the 
Bison and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 
3 year running average EFD and BFD post AMP 
implementation. 
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Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This 
sample size will not be sufficient to detect all elk 
movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk 
movements from NER to surrounding private 
lands will increase during the AMP 
implementation period compared to the pre-
treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 
is the season when changes to the NER feeding 

program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 
Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 
need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis 
process includes brucellosis seroprevalence, 
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 
Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post AMP 
implementation.  There are no recent brucellosis 
seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk 
collaring operations in winter 2016, and each elk 
will be tested for Brucellosis exposure.  The 2016 
Brucellosis seroprevalence rate will be the pre-
treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 
introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 

 

Figure15. Total and calf elk winter mortality (%) on NER 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the pretreatment 
baseline which will be compared to the 3 year running 
average post AMP implementation. 
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management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 
CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 

technicians working from September-December 
are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 

 

 
EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 
strategies outlined in this plan will be in place for 
a minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 

an annual adaptive management update/report, 
completed by NER staff by the end of March for 
the previous year.  
 
Investigating the potential effects of climate 
change on elk and bison management will be 
important in the long-term.  During 
implementation of this plan, we will collect a 
variety of data that can be drawn upon for this 
purpose.  

 

PUBLIC OUTREACH AND EDUCATION  
The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMP 
implementation.  The practice of feeding elk 

evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMP in order to gain general 
consent to modify longstanding elk/bison herd 
management methods.   
 
A detail communication plan to guide outreach 
and education efforts can be found in Appendix 3. 
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SCHEDULE 

 

 

Table 7.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 

 

 

Table 6.  Adaptive Management Plan proposed schedule. 
Action Date 

GPS Collar 30-40 elk prior to strategy implementation (Iridium platform) February 2016 

Public outreach and education March 2016 

Initiate private lands conflicts mitigation contacts/actions March 1, 2016 

Implement enhanced forage monitoring  March 1, 2016 

Initiate changes in supplemental feeding protocol January 2017 

Monitoring/Evaluation/Annual Report June 2017 
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BUDGET 

Table 8. [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Seasonal Biological Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 
     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment distribution1      
     Expanded standing forage estimates1      
     Chronic Wasting Disease, 2 seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 
     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; Iridium Platform $115,000 $25,000 $25,000 $25,000 $25,000 
Bison barrier at NER south entrance $80,000 $1,000 $1,000 $1,000 $1,000 
Adaptive Management Plan annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 
Private lands:      
     Easements / Acquisition      
     Damage reimbursements (Wyoming)      
     Conflict mitigation coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 
Vegetation restoration/protection1      
Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 

Subtotal      
Grand Teton National Park:      
Monitoring:      
     Summer elk classification/distribution 10,000 11,000 12,000 13,000 14,000 
Collaborative elk monitoring (GRTE portion)      
     Hunter harvest      
     Harvest age distribution      
     Transition range forage production/utilization      
Vegetation Restoration/Protection      
Monitoring 16,0000 16,000 18,000 20,000 20,000 
     Temporary bison fencing 24,000   40,000  
Temporary fence maintainance 6,000 8,000 8,000 6,000 10,000 
     Hayfields restoration 84,000 70,000 70,000 90,000 90,000 
     Exotic plant mitigation 50,000 52,000 46,000 60,000 66,000 
     monitoringRest seed propagation    94,000 66,000 
Elk Reduction Program      

Subtotal      
Wyoming Game and Fish Department:2      
Private lands:       
     elk harvest coordination      
     Easements / Acquisition      
     Damage reimbursements      
     Conflict mitigation coordination      

Add additional lines and categories as needed 
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APPENDIX 1.  Summary of primary potential impacts associated with reduced supplemental feeding, 
as identified in alternative 4 environmental consequences section of the Final Bison and Elk 
Management Plan/Environmental Impact Statement (USFWS and USNPS 2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing 

supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter 

forage production, assessments of forage utilization (done jointly by WGFD and NER personnel), 
elk condition and movements, and potentially on the January 1 index of winter severity 
calculations for elk (Farnes, Heydon, and Hansen 1999). 

• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition 

(negligible adverse effect on NER elk from lower nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the 

bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would 

increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider 
distribution. 

• Elk use of lands surrounding the NER would increase, including: 
o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNP 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and 
Gros Ventre segments. 

• As ungulate numbers decreased and supplemental feeding was reduced, competition and 
aggressive social interactions on the refuge would also be reduced. 

• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability 
would have a greater influence on numbers, movements, distribution, and mortality. 

• More elk would be subject to natural factors affecting mortality, including loss of body 
condition, predation, and starvation. 

• Increased mortality on and off the refuge would mainly affect older elk and calves, and some 
prime bulls entering the winter energetically stressed due to rut activities. 
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• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 

1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due 
to tuberculosis, septicemic pasturelosis, and CWD. 

• The health and sustainability of the Jackson elk herd would be increased gradually as 
supplemental feeding was reduced and there was greater reliance on standing forage and wider 
ungulate distribution. 

• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and 

potential transmission of brucellosis, as well as potential for spread of diseases not yet in the 
population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, 
to coordinate actions that would prevent conflicts due to elk dispersal and to defray costs of 
managing potential conflicts. Preventing access to food/hay rewards on private lands would be 
vital for effective management. 

• Private land conservation easements within NER boundaries would promote wider distribution.  

  



 

 37  
 

APPENDIX 2.  Monitoring Supplemental Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured at every 5 steps along the random bearing 
determined for each site.  At each subplot a 13.27” diameter metal sampling ring will be placed on the 
ground. The amount of forage available to elk within the sampling ring (dry weight in grams) will be 
visually estimated.  The 13.27” diameter subplot allows easy conversion from grams to lbs. per acre 
(each gram is equivalent to 100 lbs. per acre). During annual forage production sampling, refuge 
biologist Eric Cole has made approximately 1,000 of these visual estimates per year for 17 years, and 
33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will be the 
principal estimator, but additional personnel will be trained in these techniques to provide redundancy 
in the event of personnel changes, and to increase the number of observers to facilitate estimation of 
error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward when 
snow cover is limited, but estimating how much of the forage is accessible to elk when snow is dense, 
deep and crusted can be subjective.  To decrease the subjectivity of the estimation process, if the area 
under the sample ring is covered with snow, only forage that can be exposed with a gloved hand will be 
included in the estimate of available forage.  Forage that is fouled with manure and/or flush with the 
ground due to trampling and/or encrusted in ice will not be included in the estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an equivalent 
lbs./acre value (1 gram=100 lbs./acre).   The arithmetic mean of available forage (lbs./acre) for the 10 
subplots provides an estimate of available forage for each index site.  There are 3 sample site categories: 
1) Historic  Key Index Sites that have been used since 2007, 2) New randomly selected sites within areas 
preferred by elk, and 3) New randomly selected sites in areas not preferred by elk.  Historic key index 
sites were not randomly selected, but were instead selected to represent areas most preferred by elk on 
the south end of NER.  These were the sites used to determine when supplemental feeding would be 
initiated from 2007 until the implementation of the AMP.  To facilitate comparison with pre-AMP data, 
we will continue to use mean lbs. per acre across historic key index sites to determine the 300 lbs. per 
acre threshold.  However, post AMP implementation we will delay feeding initiation by 2 weeks once 
the 300 lbs./acre level has been reached.  We will concurrently sample at randomly selected sites 
stratified on an annual basis between areas highly preferred and not highly preferred by elk.  This will 
enable us to quantify the relationship between mean forage availability at historic key index sites and 
random sites over time. 
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APPENDIX 3.  Communication Plan 
 
Communication Goals 
 
Prior to the Adaptive Management Plan’s Implementation 
 
• Utilize a variety of outreach methods to inform the public on the goals and timing of the Adaptive 

Management Plan’s implementation and possible effects on wintering herds. 
• Utilize a variety of outreach methods to inform the public on public comment opportunities. 
• Identify and coordinate key messages and outreach with USFWS regional and national offices, State and 

federal agency partners, non-profits, elected officials, and other identified audiences. 
 
During the Adaptive Management Plan’s Implementation 
 
• Continue to utilize a variety of outreach methods to describe current management actions as well as 

measurable and noticeable changes on the landscape, in animal behavior, or in animal health. 
• Provide a comprehensive overview of the Adaptive Management Plan by providing links and references 

to previous outreach and background information. 
 
Communication Objectives 
 
• Work with current media contacts to promote news of the Adaptive Management Plan via print, radio, 

Web, and social media platforms. 
• Utilize new media and social media tools to provide information on why the Adaptive Management Plan 

was developed, what public comment opportunities exist, and how the plan is being implemented. 
• Plan, coordinate, and execute public meetings to allow for public comment and questions on the plan. 
• Develop and provide methods for the public to submit written comments on the Adaptive 

Management Plan. 
• Monitor print media on Refuge elk and bison management to see how Adaptive Management Plan 

objectives and reactions are being portrayed to the public. 
 
Current Outreach Resources 
 
• National Elk Refuge web site 
• National Elk Refuge news release list 
• (approximately  300 contacts) 
• National Elk Refuge Twitter site (1,039 followers) 
• Bison and Elk Management Plan web site (http://www.fws.gov/bisonandelkplan/) 
• Space for an 11” x 17” poster in the Visitor Center on Refuge management topics 
• Display panels in the Visitor Center theater for temporary displays 
 
Available Supporting Outreach Resources 
 
• USFWS Mountain–Prairie External Affairs staff 
• USFWS Mountain–Prairie web site, including the 
• “Top Stories” feature 



 

 39  
 

• USFWS Mountain–Prairie Twitter site USFWS Mountain-Prairie Region Facebook page 
• USFWS National Wildlife Refuge System 
• Facebook page 
• USFWS Facebook page 
 
Previous Outreach Efforts 
 
• NER routinely writes and disseminates news releases on Refuge management activities, including the 

Comprehensive Conservation Plan, supplemental feeding, herd health monitoring, and forage 
production.  

• Post the above news stories as Content. 
• Management System (CMS) articles. 
• Post CMS news story promos so they prominently appear on the home page, linking readers to the 

articles. 
• Send out Twitter messages linking viewers back to the news stories. 
• Prepare, upload and provide links to Adobe PDF versions of news stories with addtional photos where 

additonal images are available and/or help understand or visualize the content. 
• Utilized the Conservation link on the web Content 
• Management System to post information about 

the Bison and Elk Management Plan and the draft Comprehensive Conservation Plan. 
• Retained and provided a link to the original Bison and Elk Management web page (http://www.fws. 

gov/bisonandelkplan/) that was developed during the planning process. The web site includes links to 
the Final Plan/EIS, Record of Decision, Federal Register Notice of Availability for both the Record of 
Decision and Final Plan/EIS, associated news releases, public meeting highlights, and other related 
documents. Note: the National Elk Refuge does not manage the site. 

 
Additional Outreach Opportunities 

 
• Public meetings in Jackson and other identified locations. 
• Service produced video; video could be posted to the National Elk Refuge’s multimedia web page, or 

USFWS Mountain–Prairie home page “Top Video” feature. 
• Live radio interview on KHOL (Jackson, WY radio) 
• Wyoming Public Radio interview with Refuge management staff 
• Interviews with local print media sources 
• Updates at community leader meetings such as Rotary Club, Jackson Hole Chamber of Commerce board 

meetings, and interagency breakfast meetings (with Federal agencies and local elected officials). 
 
Target Audiences 
 
Internal 
• Regional and National USFWS Leadership 
• Refuge permanent staff 
• Refuge seasonal staff 
• Refuge volunteers 
 
External 
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• Congressional representatives 
• State of Wyoming leadership 
• Federal agency partners, particulary Grand Teton National Park and the Bridger–Teton National Forest 
• Wyoming Game & Fish Department 
• Other NER partners, including county and town agencies and local nonprofit organizations 
• Local elected officials 
• Private landowners in proximity to the National 
• Elk Refuge or neighboring Federal lands 
• Tribes 
• Local and state media 
• Local public 
 
Key Outreach Topics 
 
• Overview of BEMP objectives 
• Strategy to change elk/bison behavior 
• Threat of disease 
• Natural mortality rates 
• Anticipated winter distribution changes for bison/elk 
• Mitigate negative effects on private lands 
• Change elk behavior and distribution while avoiding increased mortality. 
• Explain the historic reasons a supplemental feeding program began and why it was continued.   
• Explain the NER’s limited large ungulate carrying capacity and the disproportionate impact of bison 

on available forage; 3 elk = 1 bison. 
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APPENDIX 4.  Models 

Elk winter distribution model 
 
The proportion of the JEH that winter on the NER will be linked to factors hypothesized to influence elk 
winter distribution (Fig. 2) using a generalized linear mixed effects model (GLMM). A GLMM can account 
for a proportional response variable (i.e., constrained to the interval 0–1) using a log link and binomially-
distributed errors. A GLMM also includes fixed and random effects, with the latter capturing residual 
model variance otherwise not explained by fixed effects. Year will be including as a random effect, 
providing several benefits. First, we don’t assume years are independent and comprise all of the factor 
levels of interest. Instead, the effect of year is treated as a random variable, with individual year effects 
realizations of that distribution. This allows inference to non-sampled factor levels, i.e. years, by 
estimating a latent population-level proportion of elk expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect can be considered a latent variable describing elk 
behavior manifested as observed winter distribution. Second, because year effects are not treated as 
independent, estimated effects of year on the proportion of JEH elk wintering on the NER are 
dependent on all factor levels, leading to greater precision when estimating individual year effects (Kéry 
2010).  
 
The full GLMM incorporating fixed effects for each factor identified as influencing elk winter distribution 
(Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 + 
𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝑆𝑆𝑡𝑡 + 𝜀𝜀𝑡𝑡 

 
where the random intercept and residual model variance are 
 
𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0

2 ), and 
 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
 
Fixed effects include 1) per capita available forage at initiation of winter feeding (AFI) , 2) proportion of 
the JEH that are short-distance migrants (SDM), 3) number of wolf packs present on JEH native winter 
range (WP), 4) growing season (May–August) precipitation for the Wyoming Snake Drainage climate 
division (GSP; a proxy for available forage on native winter range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. (2003) has as an output weekly available forage biomass 
for the NER (sum of predictions for 30 × 30 m cells). These predictions account for snow conditions using 
a proxy of SWE and decrement total available biomass by 35% to account for unpalatable plants within 
the total estimate.  
 
While calf survival is a function of multiple factors (Fig. 3), the primary management action influencing 
calf survival is supplemental winter feeding. Current winter feeding initiation criteria lead to calf survival 
generally higher than in unfed populations. Proposed feeding initiation criteria will result in later 
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initiation of supplemental feed, which will be most influential to calf survival. There is currently little 
understanding regarding the relationship between initiation of winter feeding and calf survival, except 
that current feeding initiation criteria result in high calf survival. We believe a threshold level of 
available forage at initiation of winter feeding exists such that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized to decline quickly with reductions in available forage 
at winter feeding initiation. Available forage at the initiation of winter feeding will be related to on elk 
calf winter survival using a saturating function (i.e., Holling type-II functional response; Fig. 6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf survival is related to available forage. Maximum calf survival 
is a, and b represents the value of available forage to an individual when survival is 50% of a (Hilborn 
and Mangel 1997).  
 
Although this approach doesn’t capture forage deficits per se, it does provide a potentially sensitive 
proxy for this concept. It is assumed that a forage deficit for calves would occur at a point on the curve 
of the relationship between calf survival and available forage at initiation of supplemental feeding. 
Modeling the response of winter calf elk survival to changes in feeding initiation criteria facilitates our 
ability to maximize the influence of feeding initiation criteria on winter distribution while minimizing the 
likelihood of a large mortality event.   
 

 
 Hypothesized relationship between winter survival of elk calves and per capita available forage at initiation of 
winter feeding on the National Elk Refuge.  
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EXECUTIVE SUMMARY [incomplete] 

 

Overview 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands, focused on four broad goals related to: 1) 
habitat conservation; 2) sustainable populations; 
3) numbers of elk and bison; and 4) disease 
management.  The final plan directed the NER 
and GTNP (in conjunction with the Wyoming 
Game and Fish Department; WGFD) to maintain 
the state’s elk herd objective of 11,000, establish 
a bison population objective of 500, restore 
habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program, when necessary in GTNP,  
continue to vaccinate elk for and effective 
vaccine becomes available, and develop a 
dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework referenced in 
the Record of Decision. 
 
Background 
Winter feeding of elk in Jackson was originally 
initiated to reduce winter mortality of elk and 
minimize depredation of ranchers’ hay.   The loss 
of available winter range in Jackson Hole due to 
new ranching operations and a growing town 
resulted in significant numbers of elk dying during 
several severe winters in the late 1800s and early 
1900s. This prompted local citizens and 
organizations, as well as state and federal officials 
in Jackson Hole, to begin feeding elk in the winter 
of 1910–11. Congress heeded the appeals for 
assistance and on August 10, 1912, established 
the National Elk Refuge. Today, the need for the 
refuge’s winter elk feeding program is a direct 

result of reduced access to significant parts of elk 
native winter range, loss of historic migration 
patterns, behavioral conditioning of elk to winter 
feeding, and the desire to maintain a population 
objective established in the context of 
supplemental feeding. 
 
Bison were extirpated outside Yellowstone 
National Park (YNP) by the mid-1880s but in 1948 
were reintroduced to Jackson Hole when 20 bison 
from (YNP) were released near Moran, Wyoming.  
The herd remained small until discovering elk 
feedlines in 1980, when the population began 
sustained population growth.  Bison and elk that 
winter on the NER are migratory and occupy 
summer ranges predominantly to the north. 
 
Objectives 
This adaptive management plan addresses 
several objectives under a broader BEMP goal of 
sustainable populations, which directed the 
agencies to: 1) Develop an adaptive management 
plan for reducing NER supplemental feeding; 2) 
[implement a] phased reduction of animals on 
feed: a) to 5,000 elk and 500 bison, and b) [to a 
point where] elk and bison rely predominantly on 
native habitat; 3) maintain natural elk bull-to-cow 
ratios in park summer herd; and 4) Enhance 
public outreach/education.  The BEMP further 
stated that consideration criteria for 
implementing the 2nd phase of reduced feeding 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on  private 
lands during high risk disease transmission 
periods, 4) maintaining desirable winter 
distribution patterns of elk and bison, 5) the 
prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
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transitioning from winter feeding of elk and 
bison on the NER to greater reliance on free-
standing forage, while maintaining population 
and herd ratio objectives.  



 

 1  
 

INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies approximately 
8,000 km2 in the upper Snake River watershed 
north of the town of Jackson (Fig. 1).  Much of the 
herd is migratory, moving between distinct 
wintering and summer ranges.  Primary wintering 
areas include the Buffalo Valley, lower elevations 
of the Gros Ventre River drainage, the National 
Elk Refuge (NER), and areas adjacent to the NER 
on Bridger-Teton National Forest (BTNF) lands.  
Summering areas occur throughout the herd’s 
range and for convenience are divided into four 
geographic regions that include Grand Teton 
National Park (GTNP), Yellowstone National Park 
(YNP), the Gros Ventre drainage, and Teton 
Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 

“tusk hunters” and large-scale commercial 
hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (NER, 
unpublished data)citations). Over time, changes 
in land use and development in these areas, over 
hunting, and establishment of feedgrounds 
probably reduced the use of these areas by 
Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 

Commented [CE3]: Bruce did find elk movements to upper 
green and wind river associated with his captures in the Gros 
Ventre, but I am not aware of any associated publications. WGFD 
has also likely documented movements to these areas in their more 
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publications.  The GTNP Pathways study documented movements 
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local citizens and organizations, as well as state 
and federal officials in Jackson Hole, to begin 
feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 

of lands and maintenance of a “winter game (elk) 
reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
 
An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 
Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 
tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 

New York Zoological Society, the Jackson Hole 
Preserve, Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 
to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and a variety of feeding 
strategies are employed to help reduce  
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 19531958 [verify date].  
The group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
3).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 

sport hunt administered by WGFD.  This plan was 
halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig 3).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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USFWS 2007) considered six alternatives for 
bison and elk management focused on four broad 
goals related to: 1) habitat conservation; 2) 
sustainable populations; 3) numbers of elk and 
bison; and 4) disease management.  The primary 
management scenarios presented in the 
alternatives included the status quo, terminating 
elk and bison hunting on the NER and the elk 
reduction program in GTNP, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework listed on 
page 5 of the Record of Decision (Fig. 4).  It does 
not address other on-going bison and elk 
management actions already prescribed by the 
BEMP. 
 
The BEMP scheduled the completion of an 
Adaptive Management Plan for 2008.  However, 
litigation challenging the BEMP in 2008 led to the 
decision to postpone its development until 
litigation was resolved.  As of March 2015, two 
court rulings have upheld the 2007 BEMP and 
ROD. In a lawsuit against the  BEMP and its 
author agencies (Defenders of Wildlife et al. v. 

the U.S. Department of Interior and State of 
Wyoming 2010), plaintiffs argued that the BEMP 
violated the National Wildlife Refuge System 
Improvement Act (National Wildlife Refuge 
System Improvement Act 1997) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 
agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling 
(Defenders of Wildlife et al. v. the U.S. 
Department of Interior and State of Wyoming 
2011).   
 
National Environmental Protection Act 
Compliance 
 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   
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Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 
objectives, 2 knowledge (including descriptive 
models) of the dynamics of the system being 
managed, 3) clearly articulated management 
actions and strategies, and 4) a monitoring 

program to evaluate responses of the system to 
management actions (Walters 1986).  
 
 This step-down plan utilizes adaptive 
management planning principles but is not 
intended to meet all of the adaptive 
management planning elements outlined in the 
Department of Interior Adaptive Management 
Technical Guide (2007).  This Step-Down Plan is 
more accurately described as a “structured 
framework of adaptive management actions that 
progressively transitions from supplemental 
winter feeding to greater reliance on free-
standing forage (BEMP ROD p.5).     
 
 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 
goals, 20 associated objectives were addressed 
(Table 1).  This adaptive management plan 
addresses four objectives under the goal of 
sustainable populations (Fig. 5). 
 
In Phase 1 of the second Sustainable Populations 
objective (Fig. 5), the aim is to reduce the average 
number of elk on feed to 5,000 (while 
maintaining WGFD’s 11,000 elk herd objective), 
and reduce the winter population of bison to the 
BEMP-adopted objective of 500. In Phase 2, the 
overall objective is to reduce the reliance of bison 
and elk on supplemental feed (USFWS and USNPS 
2007a).  Desired conditions include animals 
relying predominantly on native habitat and 
cultivated forage. Important consideration 
criteria for implementing Phase 2 will include: 1) 
the level of forage production and availability on 
the National Elk Refuge and adjacent winter 
ranges, 2) maintenance of desired herd sizes and 
age/sex ratios, 3) the ability to effectively 
mitigate bison and elk livestock conflicts, such as 
co-mingling on on private lands during high risk 
disease transmission periods, 4) maintaining 
desirable winter distribution patterns of elk and 
bison, 5) the prevalence of brucellosis, chronic 
wasting disease, and other wildlife diseases, and 
6) public support.   In short, the overall objective 
of this plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 
 

This Plan focuses on management actions to 
initially achieve Phase 1 objectives. However, if 

Table 1.  2007 Bison/Elk Management Plan 
Goals and Objectives (Adaptive Management 
Plan objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and 

cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives (Addressed in Step Down Plan): 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 

• Phase reduction of animals on feed: 1) 
to 5,000 elk and 500 bison, and 2) elk 
and bison rely predominantly on native 
habitat. 

• Maintain natural bull-to-cow ratios in 
park summer herd. 

• Ensure a genetically viable bison herd 
with close to an even sex ratio. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 
11,000. 

• Maintain a genetically viable bison 
population of about 500 animals. 

Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk 
from elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

• Educate hunters about wildlife disease 
human health hazards. 
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successful, these actions will continue to be used 
to achieve the Phase 2 objective of reducing 

reliance on supplemental feeding while 
considering the six criteria listed above.      

 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 

and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The 
management stepdown approach will necessarily 
be one of investigation, constant evaluation, 
modifications to approach when indicated, and 
repeated trials (Fig 4).  As such the approach will 
also be experimental,  guided by rigorous analysis 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,200 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 
to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000, but because the proportion of the 
Jackson Elk Herd that winters on NER has 
increased dramatically (Fig. 6), this will make 
achieving the Phase I objective of 5,000 elk on 

feed and any future elk population reductions 
more difficult.   Preliminary modeling suggests 
that the increasing proportion of the Jackson Elk 
Herd wintering on NER has been associated with 
1) changes in elk winter distribution associated 
with wolves and 2)high numbers of elk that 
summer immediately adjacent to NER (Cole and 
Foley et al. 2015).   
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013. In recent years irrigation of approximately 
3,600 acres has increased refuge-wide forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone, and by 15% in the southern 
portion of NER which receives the greatest use by 
elk and bison. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes will have implications for elk 
and bison management. 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.  
 
 Chronic Wasting Disease 
Supplemental feeding has occurred in all but 9 
winters on NER since 1912, and although this 
strategy minimizes winter elk mortality from 
starvation and contributes to Wyoming state elk 

Commented [CE4]: Need to address uncertainty associated 
with climate change effects 
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herd objectives, elk occur at numbers and 
densities well in excess of carrying capacity 
(Smith et al. 2004, Lubow and Smith 2004).  
Considerable evidence suggests that Chronic 
Wasting Disease (CWD) transmission and 
prevalence are density dependent (Peters et al. 
2000, Williams et al. 2002).  Monello et al. (2014) 
found that elk densities of 15-110 per square km 
in Rocky Mountain National Park were associated 
with 13% CWD prevalence, and they predicted 
elk population declines when CWD prevalence 
exceeded 13%. NER elk densities commonly 
exceed 160 per square km (NER unpublished 
data), which suggests that the introduction of 
CWD to NER elk would have significant negative 
population effects over time. 
 

Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs/ac. Historic radio 
telemetry data and observations of elk 
movements indicate that when available forage 
delclines below 300 lbs/ac., some elk leave NER 
for surrounding private lands. Therefore, the 
purpose of this feeding trigger is to keep elk on 
the NER and prevent them from searching off-
refuge for forage which increases the potential of 
comingling.  This trigger is not a warning that a 
significant nutritional deficit threshold has been 
reached.  Available winter forage for elk and 
bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2015, relative to the current objective. 
  OBJECTIVE 2011 2012 2013 2014 2015 mean 
NER 5,000 7,746 7,360 6,285 8,296 8,390 7,615 
Gros Ventre 3,500 2,775 3,265 2,982 2,326 1,162 2,502 
Native Range1 2,500 982 894 1,784 801 913 1,075 
Total 11,000 11,503 11,519 11,051 11,423 10,465 11,192 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 
 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison discovered refuge feeding operations in 
1980, and since that time they have been Bison 
are fed as necessary each year to help minimize 
disruption to elk feeding operations. Because 
bison displace elk from feedlines, NER staff 
attempt to feed most bison in the northernmost 
refuge feedground and to provide a heavy ration 
that keeps them in this area. This strategy 
prevents bison from mingling with elk and also 
prevents bison from moving to areas where 
conflicts with humans are more likely.  Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 

in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56, range 329-457) hunters harvested 161 
(SD = 38, range 126-225) elk per year during the 
NER hunt.  

The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 8).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5, 
range 139-301) bison per year.  This level of 
harvest has been sufficient to arrest the 
exponential growth of the population, reducing 
bison numbers from the peak in 2007 to about 
700 animals in winter 2015 (Fig 3). Tribal bison 
harvest of up to 5 animals for ceremonial 
purposes was authorized in the BEMP.  
Translocation of wild bison to lands outside of 
Teton County is not currently permitted due to 
brucellosis concerns.  
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Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions.  
 
Hazing 
NER staff haze elk and bison to conserve 
winter forage, prevent year round use of 
winter range, and in some cases to prevent 
elk and bison from moving to private lands or 
other areas where conflicts with humans are 
likely.  Hazing using ATVs has proven most 
effective. The strategy is typically employed 
during 3 time periods: 1)In May to move elk 
and bison off NER that are lingering on NER 
winter range; 2) In July when some bison 

typically return to NER; and 3) In the period 
just prior to feeding initiation when elk and 
bison are most likely to leave NER for private 
lands. 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER year around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 
and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease several days to weeks before the 
bison hunting season in an effort to increase 
hunter harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 
implementation, followed by what remains to be 
accomplished] 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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  Figure 8.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 
  
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
occurs one day in early February and includes 
ground counts of animals on feed at the NER and 
aerial counts of outlying bison across their winter 
ranges on the refuge, park, and Bridger-Teton 
National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 

feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 
that winter would equal 5,000 elk X 100 days = 
500,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 250,000. 
 
We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 
bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Implementation of the AMP will have successfully 
attained the objective of “transitioning from 
intensive supplemental winter feeding to greater 
reliance on free-standing forage” when 
supplemental feeding was not used for more 
than 50% of the years in a 5 year period. 
 
Initial success of AMP implementation will be a 
consistent decline in the 3-year running average 
of elk and bison fed days from the established 
baseline. While the BEMP did provide specific 
measurement criteria for the definition of 
“transitioning from intensive supplemental 
winter feeding to greater reliance on free-
standing forage” we will consider this objective 
met when the 3-year running average of elk and 
bison fed days is <50% of baseline for 5 years in a 
row.   

Commented [S5]: SK’s draft. 

Commented [S6]: SC’s alterative in this paragraph, recognizing 
that the 50% number is the crux and a glaring target. 

Commented [CE7]: Requires some modification based on our 
discussion at meeting including possible subsequent actions: 
Lowering Jackson Elk Herd Objective, Lowering Jackson Bison Herd 
Objective, CWD incursion, etc. Perhaps in table format with 
justification? 
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Several management constraints are common to 
the strategies discussed below (Table 3).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements 
in GTNP.  Similarly, compliance with the 
Wyoming greater sage-grouse core area 
protection executive order (2011-5) could restrict 
habitat manipulations.  NEPA compliance 
conducted as part of the BEMP/EIS constrains 
what federal actions can be taken as a part of this 
plan.  State regulations constrain late (winter) 
hunt and carcass disposal timing to protect 
against brucellosis contamination, since 
February-April represent the period bison and elk 
are most likely to transmit the disease.  
Restrictions on hunting timing also result from 
BTNF winter range closures, immediately east of 
the NER and elsewhere, December 1 to April 30.  
Additional details about these and other 
constraints will be included in discussions about 
specific strategies that follow. 
 
Strategies 
 
This section will describe the management action 
this AMP proposes to implement.  As such, it 
unveils the heart of management changes 
necessary to begin the process of transitioning to 
more reliance of bison and elk on native forage 
during winter.  Fundamentally, the strategies 
discussed in this plan represent an experiment 
designed to achieve Phase I objectives of 5,000 
elk and 500 bison on NER and are a first step 
towards reducing reliance on supplemental 
feeding while meeting the sustainable population 
goals identified in the AMP. 
 
Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies to 
achieve phase I objectives are modifications to 
winter feeding and hunting seasons.  To a lesser 

Table 3. Summary of potential Adaptive 
Management Plan constraints.  
Policy 
• ESA1 Lynx – limits on habitat impacts 
• Greater Sage Grouse – core area protection 
• 2007 BEMP/EIS (federal actions/lands) 

o No fertility control 
o No test and slaughter 
o Limited tribal harvest 

• Bison/elk hunt end date (Feb. 1st)  
o WGFD, brucelosis safety 

• Carcass disposal (Feb. 15th) 
o WGFD, brucellosis safety 

• Forest Service winter closure  
(Dec. 1st – April 30th) 

• Easement limitation (NER boundary) 
Winter Feeding 
• Only during non-hunting periods 
Harvest 
• State regulations 
Vegetation Restoration/Protection 
• Bison/elk distribution 
• Exotic plant species management 
Private Lands  
• Owner agreements 
Social 
• Hunter density (safety; hunt quality) 
• Elk/bison winter mortality levels 
• Public safety (ungulate/vehicle collisions) 
• Disease  
• Land-use conflicts (agricultural and  

residential) 
Biological 
• Disease (bison/elk/cattle commingling) 
• Sage grouse habitat conflicts 
• Fencing/wildlife conflicts 
• Elk herd distribution 

o summer segment distribution goals 
Funding 
• Easement purchase 
• Plan implementation 
1Endangered Species Act 
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extent, vegetation protection and restoration can 
be important, particularly for improving long-
term ecological balance and enhancing natural 
production of native forage.  Private lands are 
also an integral component as changes in elk and 
bison distribution occur and new challenges 
develop.  The likely consequences of 
implementing these strategies were evaluated in 
the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously and 
systematically. The strategies discussed below 
have been developed in this context, with 
appropriate feedback mechanisms through 
rigorous monitoring and frequent evaluation.  
Inability to meet this objective under the 
strategies presented here would trigger a 
thorough evaluation and development of more 
aggressive strategies. 
 
Chronic Wasting Disease 
In 2014 WGFD began the revision process for the 
Wyoming CWD Management Plan (2006). WGFD 
has cooperated with federal agencies and other 
stakeholders to revise the plan, and NER and 
USFWS Region 6 Wildlife Health Office staff 
participated in several meetings associated with 
this effort.  One goal of the CWD Management 
Plan update is to develop specific management 
responses should CWD be detected on or 
adjacent to State or NER elk feedgrounds.  Early 
detection of CWD in the JEH is essential to ensure 
an effective management response. 
 

Since 1997 NER has cooperated with Wyoming 
Game and Fish Department (WGFD) to conduct 
surveillance for CWD in the JEH unit. Although 
this effort indicates that CWD is not currently 
found in the JEH, continued surveillance at 
sample sizes sufficient to detect 1% prevalence 
with 95% confidence annually will be critical to 
ensure a timely management response and limit 
the long-term population effects of the disease 
(USFWS and NPS 2007).  Given that CWD has 
been detected within 40 miles of the JEH in 
moose, within 70 miles in deer, and within 175 
miles in elk, this level of surveillance is 
warranted.   
 
Winter Feeding 
Winter feeding actions that could be modified 
include starting date, ending date, and daily 
ration.  To modify elk and bison behavior in the 
long run, delaying initiation of feeding is likely to 
have the greatest impact by gradually 
conditioning them to expect feed later on 
average, with the desired outcome of building a 
cohort of animals that rely primarily on native 
winter range and are not food conditioned. To 
reduce supplemental feeding overall, ending 
feeding early would also help decrease the 
amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   

 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 4, Fig. 9).   Time of season could 
influence this interval, most likely shortening it as 
the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from December 30 to February 28.  Delaying 
feeding by two weeks in January, for example, is 
likely to have fewer negative effectsbe more 
successful than doing so in February, when food 
stress and tendency for animals to move to 
private lands is greater.  Forage availability could 
also have an influence, particularly if a freeze 
thaw event resulted in an acute and large 
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reduction in available forage.  Both time of 
season and forage availability considerations 
would be affected by the numbers of elk and 
bison on the NER.  And finally, the distribution of 
animals, particularly on private, livestock 
producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer because of being displaced by 
more dominant animals.  Monitoring programs 
will include measures of calf mortality and it will 
be an influencing parameter in feedback 
mechanisms.  The BEMP anticipated that elk 
mortality could increase from 1-2% overall to 1-
5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32% based on an average 
feeding season length of 9.3 weeks from 1995-
2015. 
 
The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites and on-going measurements at those sites 
throughout the winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 
hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 4).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 

Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNP summer segment (since most 
park bulls migrate to the NER) would help inform 
levels of take proposed.  Bow hunting in areas 
currently closed to firearms will likely increase 
harvest by eliminating “no-hunt” areas which can 
become sanctuaries for large numbers of elk. 
Shifting the hunt one week later is consistent 
with later migrations and will improve harvest 
effectiveness. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has lead to significant increases of winter 
elk concentrations on the NER.    
 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
 
Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 4).  Consideration would be given to later 
hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, State 
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quotas will likely be reduced and management 
flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Serious consideration should be given to reducing 
the bison herd population objective in the future.  
This would lower winter forage consumption on 
the NER and help reduce elk and bison winter 
concentrations.    
 
The current bison herd objective is “. . . maintain 
and ensure a genetically viable population of 
approximately 500 animals (five-year average), 
with as close to an even sex ratio as possible to 
maximize maintenance of genetic variation over 
time. . .” (BEMP p. 136).    
 
The Jackson bison herd is not considered part of 
the U.S. Fish and Wildlife Service’s meta-
population approach to bison conservation 
because of its high prevalence of brucellosis.  This 

disease prevents the export of Jackson bison to 
other DOI conservation herds. 
 
The 500 bison population objective was set 
primarily to preserve existing genetic diversity 
assuming extremely limited natural genetic 
transfer with the Yellowstone or other DOI bison 
conservation herds.  Genetic diversity can be 
maintained for a Jackson bison herd less than 500 
if bison with desirable genetic diversity are 
periodically imported from other DOI bison 
conservation herds.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 
spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Figs. 9 and 10). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   
 
Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 

 

Figure ?. The percentage of elk that winter on 
NER that were counted on NER on December 1. 
Aannual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives. 
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Several strategies would be employed to mitigate 
potential problems (Table 4), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 
purchase private lands easements to prevent co-
mingling. A vital component in implementing 
these mitigation measures is to establish three 
seasonal Wildlife Conflict Technician positions 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the AMP 
(see Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMP mitigation efforts.  
 
Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    
 
Vegetation Restoration/Protection 
 
[NER and GTNP staff to draft material] 
 

Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 
 
A private lands Hunting Coordinator Position 
would be established and supervised by the 
WGFD to promote and coordinate hunting 
activity focused on Southern Herd Segment 
harvest in and around private lands in the Spring 
Gulch Area north to Moose, WY (Hunt Area 78).    
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Table 4 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
ManagemenPlan 
Implementationt 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold 2008-2015 Average: 
3.3% (range 1.1-9.0%) 

<= 10%  

  Elk/bison distribution -– 
visual? 

   

  Elk/bison distribution –  
  collars 

Almost no documented 
use of private lands 
during feeding 
operations 

Unknown, but likely 
higher use of private 
lands than current 
management 

 

  Elk Winter mortality (all age 
classes) 

2008-2015 Average: 
1.2% (range 0.6-1.9%)  

<=3%  

  Elk summer range segment 
  Proportions for elk that 
winter on NER 

Approximately 
40% GTNP North of 
Moose 
35% South Snake River 
10%Gros Ventre/Flat 
Creek 
10% Teton Wilderness 
5% Southern 
Yellowstone 
 

Unknown, but will be 
monitored based on 
summer distribution of 
radio collared elk  

 

    
Harvest  National Elk Refuge 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 
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Note on following figures 9 and 10:  

Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   Landscape damage    
   Easement acquisition    
    
Vegetation Restoration/ 
Protection: Elk Refuge 

   

    
Vegetation Restoration/ 
Protection: Grand Teton 

   

    
 

Commented [CE8]: Since this is no longer an AMP, either the 
figures need to be removed or reworded. 
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Figure 9.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure  10. [example] Framework for harvest strategy and adaptive management. 
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Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMP (Table 5).  Since they were not part of the 
ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management plan, and thus they are 
not being considered at this time.   

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation and cessation of winter feeding). We 
will use modeling to quantify the effects of our 
management actions on 2 key repsonses of 
interest, elk distribution and winter elk calf 
mortality.  
 
Fig. 11 describes possible factors that affect 
winter elk distribution (the proportion of elk on 
NER feedgrounds versus native winter range). 

Models will be used to identify the relative 
influence of our principal management strategy 
(a reduction in feed season length) and other 
factors on winter elk distribution (Appendix 43).  
Over time this will allow us to assess whether 
changes in elk distribution were the result of our 
management actions or due to factors outside of 
our control.  
 
An increase in calf elk winter mortality is a 
potential result of reduced feed season length.  
Fig. 12 portrays factors that influence winter calf 
elk survival on NER.  
 

Table 5.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due 

to major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest 
herd segment in Hunt Area 78 on private lands, where 
federal agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for 
AMP because current hunting programs appear effective 
at slowly moving the herd toward the 500 animal herd 
objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands 
because current hunting programs that utilize sport 
hunters are effective at meeting herd objectives. 

Altering rations of supplemental feed Rejected as a strategy because reducing daily feed ration 
below 8 lbs/elk would be enough feed to encourage elk to 
remain on NER but would result in unacceptably high elk 
calf mortality rates. 
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Models will be used to assess the effects of 
available forage on winter calf elk survival 
(Appendix 4).  Over time this will allow us to 
assess the effects of our principal management 
strategy (reducing feed season length) relative to 

winter elk calf survival. other factors on elk calf 
survival and potentially adjust our management 
actions based on model results. 
  

 
  

 

Figure 11.  Influence diagram depicting factors (including management actions) influencing outcomes 
identified in the Bison and Elk Management Plan (BEMP; USFWS 2007a). Gray hexagons represent outcomes, 
rectangles represent management actions, rounded rectangles represent factors with numerical objectives, 
and ovals represent factors outside of management control. Bolded polygons and arrows represent outcomes 
and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed rectangle) 
is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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MONITORING  
 
Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers; and 3) extending the monitoring 
period later in the winter to assess the 
relationship between available forage and elk and 
bison distribution. 
 
To better represent the total amount of forage 
available on the southern half of NER, a 

subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional random sample sites 
stratified by elk habitat preference will be added.   
Historic elk distribution mapping and elk GPS 
collar data (NER unpublished data) suggest that 
the areas most preferred by elk on southern NER 
are associated with moderate to high forage 
production and green vegetation.  Because the 
distribution of forage production and greenness 
characteristics vary annually based on irrigation 
and precipitation patterns, we will annually map 
areas preferred and not preferred by elk and 
sample sites will be randomly selected within 
each of these mapped categories.   At least 3 
historic key index sites, 3 random sites in areas 
preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 

 

Figure 12. Influence diagram depicting factors (including management actions) influencing bison and elk fed 
days on the National Elk Refuge (see text for description) and winter calf elk survival. Gray hexagons represent 
outcomes, rectangles represent management actions, rounded rectangles represent factors with numerical 
objectives, and ovals represent factors outside of management control. Bolded polygons and arrows represent 
outcomes and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed 
rectangle) is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average 
forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the 
monitoring period will be extended to include the 
intervening 2 weeks.   
 
Proportion of Elk Wintering on NER 
 
A principal AMP goal is to reduce the number of 
elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 
each year, we will calculate the proportion of 
total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 

running average post AMP implementation to the 
pre-implementation baseline.  The pretreatment 
baseline will be comprised of data from 2008-
2016, a time period that represents BEMP 
implementation prior to AMP actions (Figure 13).   
 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMP implicitly assume that the 
transmission rate and prevalence of elk and bison 
diseases are density dependent and positively 
correlated with the number of elk and bison 
utilizing feedgrounds and the number of days 
they are fed.  We further assume the variables 
elk-fed-eays (EFD) and bison-fed-days (BFD) are a 
proxy for these conditions. EFD and BFD will be 
calculated annually for each species based on the 
following formulas:  
 
 
 

 

Figure13. Proportion of the Jackson Elk Herd that was 
classified on NER feedgrounds in the period following 
implementation of the Bison and Elk Management Plan 
and prior to the implementation of the Adaptive 
Management Plan (2008-2015).  These values 
represent the pretreatment baseline which will be 
compared to the 3 year running average post AMP 
implementation. 
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EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 
 
BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 

comparing the 3-year running average post AMP 
implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account for wide annual variation in EFD and BFD 
associated with winter severity (Fig. 14) 
 
Elk Winter Mortality Monitoring 
 
NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMP implementation, 
which will allow trend comparisons to the pre 
AMP baseline (Figure 15).  Under the AMP 
framework, we believe the 3 year running 
averages for total and calf winter elk mortality 
will be within the range of variation exhibited by 
the pre AMP baseline.  Historic monitoring 
suggests that calf and total mortality are sensitive 
to winter severity and disease outbreaks, and 
that winter mortality occasionally exceeds >3% 
total mortality and >10% calf mortality.  Post 
AMP mortality in excess of these levels may 
warrant shortening the 2-week feeding initiation 
delay in subsequent years. 
 
Elk Collaring 
 
One of the AMP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas.  To quantify this effect and provide real 
time information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 
sample of 50 GPS collars on elk that winter on 
NER throughout the AMP implementation period.  

 

 
 
Figure14. Elk Fed Days (EFD) and Bison Fed Days 
(BFD) in the period following implementation of the 
Bison and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 
3 year running average EFD and BFD post AMP 
implementation. 
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Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This 
sample size will not be sufficient to detect all elk 
movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk 
movements from NER to surrounding private 
lands will increase during the AMP 
implementation period compared to the pre-
treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 
is the season when changes to the NER feeding 

program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 
Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 
need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis 
process includes brucellosis seroprevalence, 
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 
Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post AMP 
implementation.  There are no recent brucellosis 
seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk 
collaring operations in winter 2016, and each elk 
will be tested for Brucellosis exposure.  The 2016 
Brucellosis seroprevalence rate will be the pre-
treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 
introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 

 

Figure15. Total and calf elk winter mortality (%) on NER 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the pretreatment 
baseline which will be compared to the 3 year running 
average post AMP implementation. 
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management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 
CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 
technicians working from September-December 
are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 

To facilitate modeling, we will collect data on the 
following associated variables (Table #). The table 
lists variables and how they relate to our efforts 
to use modeling to explain changes in elk 
distribution and elk calf mortality relative to our 
principal action of reducing feed season length. 

 

 

 
Table # Variables to be used in models to explain elk winter distribution in the Jackson Elk Herd and elk 
calf mortality on NER.  
VARIABLE SOURCE Elk Winter 

Distribution Model 
Elk Calf Mortality 
Model 

Proportion Jackson Elk 
Herd on NER 
Feedgrounds 

WGFD/NER Jackson Elk Herd 
February Classification Count 

Yes No 

Proportion Jackson Elk 
Herd from South Snake 
River summer segment 

Determined from elk GPS collar 
data for elk captured on NER  

Yes No 

Number of wolf packs in 
the Jackson Elk Herd 
unit 

GTNP and WGFD wolf monitoring 
data 

Yes Yes 

Estimated total wolf 
numbers in Jackson Elk 
Herd unit 

GTNP and WGFD wolf monitoring 
data 

Yes Yes 

Estimated number of 
wolves using NER in 
winter 

NER observations Yes Yes 

Total NER herbaceous 
forage biomass 

NER forage production survey 
data 

Yes Yes 

Snow Water Equivalent NOAA snowtell site data Yes Yes 
NER Winter elk 
Mortality (calf) 

NER winter elk mortality survey No Yes 

Snow Depth NOAA Snowtell sites and NER 
measurements  

Yes Yes 

Available Forage NER and GTNP monitoring in 
winter months 

Yes Yes 

NER Elk and Bison Fed 
Days 

NER feeding records and daily 
feedground estimates of elk and 
bison 

Yes Yes 

NER Feeding Start Date NER feeding records Yes Yes 
Gros Ventre Feeding 
Start date 

WGFD feeding records Yes No 

Elk Hunting Pressure by 
Hunt Area 

Estimated number of hunter days 
from WGFD completion reports 

Yes Yes 
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EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 
strategies outlined in this plan will be in place for 
a minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 

an annual adaptive management update/report, 
completed by NER staff by the end of March for 
the previous year.  
 
Investigating the potential effects of climate 
change on elk and bison management will be 
important in the long-term.  During 
implementation of this plan, we will collect a 
variety of data that can be drawn upon for this 
purpose.  

 

PUBLIC OUTREACH AND EDUCATION  
The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMP 
implementation.  The practice of feeding elk 

evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMP in order to gain general 
consent to modify longstanding elk/bison herd 
management methods.   
 
A detail communication plan to guide outreach 
and education efforts can be found in Appendix 3. 
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SCHEDULE 

 

 

Table 7.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 

 

 

Table 6.  Adaptive Management Plan proposed schedule. 
Action Date 

GPS Collar 30-40 elk prior to strategy implementation (Iridium platform) February 2016 

Public outreach and education March 2016 

Initiate private lands conflicts mitigation contacts/actions March 1, 2016 

Implement enhanced forage monitoring  March 1, 2016 

Initiate changes in supplemental feeding protocol January 2017 

Monitoring/Evaluation/Annual Report June 2017 
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BUDGET 

Table 8. [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Seasonal Biological Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 
     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment distribution1      
     Expanded standing forage estimates1      
     Chronic Wasting Disease, 2 seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 
     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; Iridium Platform $115,000 $25,000 $25,000 $25,000 $25,000 
Bison barrier at NER south entrance $80,000 $1,000 $1,000 $1,000 $1,000 
Adaptive Management Plan annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 
Private lands:      
     Easements / Acquisition      
     Damage reimbursements (Wyoming)      
     Conflict mitigation coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 
Vegetation restoration/protection1      
Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 

Subtotal      
Grand Teton National Park:      
Monitoring:      
     Summer elk classification/distribution      
     Hunter harvest      
     Harvest age distribution      
     Transition range forage production/utilization      
Vegetation Restoration/Protection      
     Temporary bison fencing      
     Hayfields restoration      
     Exotic plant mitigation      
     monitoring      
Elk Reduction Program      

Subtotal      
Wyoming Game and Fish Department:2      
Private lands:       
     elk harvest coordination      
     Easements / Acquisition      
     Damage reimbursements      
     Conflict mitigation coordination      

Add additional lines and categories as needed 
Subtotal      

Grand Total      
1 See detail in Appendix      
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APPENDIX 1.  Summary of primary potential impacts associated with reduced supplemental feeding, 
as identified in alternative 4 environmental consequences section of the Final Bison and Elk 
Management Plan/Environmental Impact Statement (USFWS and USNPS 2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing 

supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter 

forage production, assessments of forage utilization (done jointly by WGFD and NER personnel), 
elk condition and movements, and potentially on the January 1 index of winter severity 
calculations for elk (Farnes, Heydon, and Hansen 1999). 

• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition 

(negligible adverse effect on NER elk from lower nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the 

bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would 

increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider 
distribution. 

• Elk use of lands surrounding the NER would increase, including: 
o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNP 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and 
Gros Ventre segments. 

• As ungulate numbers decreased and supplemental feeding was reduced, competition and 
aggressive social interactions on the refuge would also be reduced. 

• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability 
would have a greater influence on numbers, movements, distribution, and mortality. 

• More elk would be subject to natural factors affecting mortality, including loss of body 
condition, predation, and starvation. 

• Increased mortality on and off the refuge would mainly affect older elk and calves, and some 
prime bulls entering the winter energetically stressed due to rut activities. 
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• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 

1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due 
to tuberculosis, septicemic pasturelosis, and CWD. 

• The health and sustainability of the Jackson elk herd would be increased gradually as 
supplemental feeding was reduced and there was greater reliance on standing forage and wider 
ungulate distribution. 

• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and 

potential transmission of brucellosis, as well as potential for spread of diseases not yet in the 
population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, 
to coordinate actions that would prevent conflicts due to elk dispersal and to defray costs of 
managing potential conflicts. Preventing access to food/hay rewards on private lands would be 
vital for effective management. 

• Private land conservation easements within NER boundaries would promote wider distribution.  
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APPENDIX 2.  Monitoring Supplemental Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured at every 5 steps along the random bearing 
determined for each site.  At each subplot a 13.27” diameter metal sampling ring will be placed on the 
ground. The amount of forage available to elk within the sampling ring (dry weight in grams) will be 
visually estimated.  The 13.27” diameter subplot allows easy conversion from grams to lbs. per acre 
(each gram is equivalent to 100 lbs. per acre). During annual forage production sampling, refuge 
biologist Eric Cole has made approximately 1,000 of these visual estimates per year for 17 years, and 
33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will be the 
principal estimator, but additional personnel will be trained in these techniques to provide redundancy 
in the event of personnel changes, and to increase the number of observers to facilitate estimation of 
error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward when 
snow cover is limited, but estimating how much of the forage is accessible to elk when snow is dense, 
deep and crusted can be subjective.  To decrease the subjectivity of the estimation process, if the area 
under the sample ring is covered with snow, only forage that can be exposed with a gloved hand will be 
included in the estimate of available forage.  Forage that is fouled with manure and/or flush with the 
ground due to trampling and/or encrusted in ice will not be included in the estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an equivalent 
lbs./acre value (1 gram=100 lbs./acre).   The arithmetic mean of available forage (lbs./acre) for the 10 
subplots provides an estimate of available forage for each index site.  There are 3 sample site categories: 
1) Historic  Key Index Sites that have been used since 2007, 2) New randomly selected sites within areas 
preferred by elk, and 3) New randomly selected sites in areas not preferred by elk.  Historic key index 
sites were not randomly selected, but were instead selected to represent areas most preferred by elk on 
the south end of NER.  These were the sites used to determine when supplemental feeding would be 
initiated from 2007 until the implementation of the AMP.  To facilitate comparison with pre-AMP data, 
we will continue to use mean lbs. per acre across historic key index sites to determine the 300 lbs. per 
acre threshold.  However, post AMP implementation we will delay feeding initiation by 2 weeks once 
the 300 lbs./acre level has been reached.  We will concurrently sample at randomly selected sites 
stratified on an annual basis between areas highly preferred and not highly preferred by elk.  This will 
enable us to quantify the relationship between mean forage availability at historic key index sites and 
random sites over time. 
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APPENDIX 3.  Communication Plan 
 
Communication Goals 
 
Prior to the Adaptive Management Plan’s Implementation 
 
• Utilize a variety of outreach methods to inform the public on the goals and timing of the Adaptive 

Management Plan’s implementation and possible effects on wintering herds. 
• Utilize a variety of outreach methods to inform the public on public comment opportunities. 
• Identify and coordinate key messages and outreach with USFWS regional and national offices, State and 

federal agency partners, non-profits, elected officials, and other identified audiences. 
 
During the Adaptive Management Plan’s Implementation 
 
• Continue to utilize a variety of outreach methods to describe current management actions as well as 

measurable and noticeable changes on the landscape, in animal behavior, or in animal health. 
• Provide a comprehensive overview of the Adaptive Management Plan by providing links and references 

to previous outreach and background information. 
 
Communication Objectives 
 
• Work with current media contacts to promote news of the Adaptive Management Plan via print, radio, 

Web, and social media platforms. 
• Utilize new media and social media tools to provide information on why the Adaptive Management Plan 

was developed, what public comment opportunities exist, and how the plan is being implemented. 
• Plan, coordinate, and execute public meetings to allow for public comment and questions on the plan. 
• Develop and provide methods for the public to submit written comments on the Adaptive 

Management Plan. 
• Monitor print media on Refuge elk and bison management to see how Adaptive Management Plan 

objectives and reactions are being portrayed to the public. 
 
Current Outreach Resources 
 
• National Elk Refuge web site 
• National Elk Refuge news release list 
• (approximately  300 contacts) 
• National Elk Refuge Twitter site (1,039 followers) 
• Bison and Elk Management Plan web site (http://www.fws.gov/bisonandelkplan/) 
• Space for an 11” x 17” poster in the Visitor Center on Refuge management topics 
• Display panels in the Visitor Center theater for temporary displays 
 
Available Supporting Outreach Resources 
 
• USFWS Mountain–Prairie External Affairs staff 
• USFWS Mountain–Prairie web site, including the 
• “Top Stories” feature 
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• USFWS Mountain–Prairie Twitter site USFWS Mountain-Prairie Region Facebook page 
• USFWS National Wildlife Refuge System 
• Facebook page 
• USFWS Facebook page 
 
Previous Outreach Efforts 
 
• NER routinely writes and disseminates news releases on Refuge management activities, including the 

Comprehensive Conservation Plan, supplemental feeding, herd health monitoring, and forage 
production.  

• Post the above news stories as Content. 
• Management System (CMS) articles. 
• Post CMS news story promos so they prominently appear on the home page, linking readers to the 

articles. 
• Send out Twitter messages linking viewers back to the news stories. 
• Prepare, upload and provide links to Adobe PDF versions of news stories with addtional photos where 

additonal images are available and/or help understand or visualize the content. 
• Utilized the Conservation link on the web Content 
• Management System to post information about 

the Bison and Elk Management Plan and the draft Comprehensive Conservation Plan. 
• Retained and provided a link to the original Bison and Elk Management web page (http://www.fws. 

gov/bisonandelkplan/) that was developed during the planning process. The web site includes links to 
the Final Plan/EIS, Record of Decision, Federal Register Notice of Availability for both the Record of 
Decision and Final Plan/EIS, associated news releases, public meeting highlights, and other related 
documents. Note: the National Elk Refuge does not manage the site. 

 
Additional Outreach Opportunities 

 
• Public meetings in Jackson and other identified locations. 
• Service produced video; video could be posted to the National Elk Refuge’s multimedia web page, or 

USFWS Mountain–Prairie home page “Top Video” feature. 
• Live radio interview on KHOL (Jackson, WY radio) 
• Wyoming Public Radio interview with Refuge management staff 
• Interviews with local print media sources 
• Updates at community leader meetings such as Rotary Club, Jackson Hole Chamber of Commerce board 

meetings, and interagency breakfast meetings (with Federal agencies and local elected officials). 
 
Target Audiences 
 
Internal 
• Regional and National USFWS Leadership 
• Refuge permanent staff 
• Refuge seasonal staff 
• Refuge volunteers 
 
External 
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• Congressional representatives 
• State of Wyoming leadership 
• Federal agency partners, particulary Grand Teton National Park and the Bridger–Teton National Forest 
• Wyoming Game & Fish Department 
• Other NER partners, including county and town agencies and local nonprofit organizations 
• Local elected officials 
• Private landowners in proximity to the National 
• Elk Refuge or neighboring Federal lands 
• Tribes 
• Local and state media 
• Local public 
 
Key Outreach Topics 
 
• Overview of BEMP objectives 
• Strategy to change elk/bison behavior 
• Threat of disease 
• Natural mortality rates 
• Anticipated winter distribution changes for bison/elk 
• Mitigate negative effects on private lands 
• Change elk behavior and distribution while avoiding increased mortality. 
• Explain the historic reasons a supplemental feeding program began and why it was continued.   
• Explain the NER’s limited large ungulate carrying capacity and the disproportionate impact of bison 

on available forage; 3 elk = 1 bison. 
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APPENDIX 4.  Models 

Elk winter distribution model 
 
The proportion of the JEH that winter on the NER will be linked to factors hypothesized to influence elk 
winter distribution (Fig. 2) using a generalized linear mixed effects model (GLMM). A GLMM can account 
for a proportional response variable (i.e., constrained to the interval 0–1) using a log link and binomially-
distributed errors. A GLMM also includes fixed and random effects, with the latter capturing residual 
model variance otherwise not explained by fixed effects. Year will be including as a random effect, 
providing several benefits. First, we don’t assume years are independent and comprise all of the factor 
levels of interest. Instead, the effect of year is treated as a random variable, with individual year effects 
realizations of that distribution. This allows inference to non-sampled factor levels, i.e. years, by 
estimating a latent population-level proportion of elk expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect can be considered a latent variable describing elk 
behavior manifested as observed winter distribution. Second, because year effects are not treated as 
independent, estimated effects of year on the proportion of JEH elk wintering on the NER are 
dependent on all factor levels, leading to greater precision when estimating individual year effects (Kéry 
2010).  
 
The full GLMM incorporating fixed effects for each factor identified as influencing elk winter distribution 
(Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 + 
𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝑆𝑆𝑡𝑡 + 𝜀𝜀𝑡𝑡 

 
where the random intercept and residual model variance are 
 
𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0

2 ), and 
 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
 
Fixed effects include 1) per capita available forage at initiation of winter feeding (AFI) , 2) proportion of 
the JEH that are short-distance migrants (SDM), 3) number of wolf packs present on JEH native winter 
range (WP), 4) growing season (May–August) precipitation for the Wyoming Snake Drainage climate 
division (GSP; a proxy for available forage on native winter range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. (2003) has as an output weekly available forage biomass 
for the NER (sum of predictions for 30 × 30 m cells). These predictions account for snow conditions using 
a proxy of SWE and decrement total available biomass by 35% to account for unpalatable plants within 
the total estimate.  
 
While calf survival is a function of multiple factors (Fig. 3), the primary management action influencing 
calf survival is supplemental winter feeding. Current winter feeding initiation criteria lead to calf survival 
generally higher than in unfed populations. Proposed feeding initiation criteria will result in later 
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initiation of supplemental feed, which will be most influential to calf survival. There is currently little 
understanding regarding the relationship between initiation of winter feeding and calf survival, except 
that current feeding initiation criteria result in high calf survival. We believe a threshold level of 
available forage at initiation of winter feeding exists such that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized to decline quickly with reductions in available forage 
at winter feeding initiation. Available forage at the initiation of winter feeding will be related to on elk 
calf winter survival using a saturating function (i.e., Holling type-II functional response; Fig. 6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf survival is related to available forage. Maximum calf survival 
is a, and b represents the value of available forage to an individual when survival is 50% of a (Hilborn 
and Mangel 1997).  
 
Although this approach doesn’t capture forage deficits per se, it does provide a potentially sensitive 
proxy for this concept. It is assumed that a forage deficit for calves would occur at a point on the curve 
of the relationship between calf survival and available forage at initiation of supplemental feeding. 
Modeling the response of winter calf elk survival to changes in feeding initiation criteria facilitates our 
ability to maximize the influence of feeding initiation criteria on winter distribution while minimizing the 
likelihood of a large mortality event.   
 

 
 Hypothesized relationship between winter survival of elk calves and per capita available forage at initiation of 
winter feeding on the National Elk Refuge.  
 

 

 



From: Steve Kallin
To: Steve Cain
Subject: CWD addition BEMP Step Down Plan
Date: Thursday, August 13, 2015 2:42:30 PM
Attachments: NER AMP Draft v2.0 7-24-15 SK CWD comment 8-13-2015.docx

Steve:
 
Please see the short additions to the Step Down Plan on p. 14; see track changes. 
 
Thank you,
 
Steve Kallin
Project Leader
National Elk Refuge
PO Box 510
675 East Broadway
Jackson, WY 83001
Phone: (307) 201-5409
Fax: (307) 733-9729
steve_kallin@fws.gov
 



 

 
 

BISON AND ELK  
MANAGEMENT STEP DOWN PLAN 
A Structured Framework for Reducing Reliance on Supplemental 
Winter Feeding 

 
National Elk Refuge 
Grand Teton National Park 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
July 24, 2015

U.S. Fish and Wildlife Service                National Park Service 



 

 
 

BISON AND ELK 

MANAGEMENT STEPDOWN PLAN 
For the 

National Elk Refuge, 

Grand Teton National Park, 

John D. Rockefeller, Jr. Memorial Parkway 
Teton County, Wyoming 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Suggested Citation:  U.S. Fish and Wildlife Service:  2015.  Bison and elk 
management stepdown plan, National Elk Refuge and Grand Teton National 
Park.  U.S. Department of the Interior, Washington D.C.  Available online at: 



 

 i  
 

TABLE OF CONTENTS 

List of Tables .........................................................................................................   

List of Figures ........................................................................................................  

Executive Summary...............................................................................................  

Introduction ..........................................................................................................  

Elk and Bison Populations .........................................................................  

Planning History ........................................................................................  

National Environmental Protection Act Compliance .................................  

Adaptive Management Planning ...............................................................  

Objectives .............................................................................................................  

Management Actions and Strategies ....................................................................  

Background ...............................................................................................  

Important Changes since 2007 ..................................................................  

Current Management ................................................................................  

Chronic Wasting Disease ................................................................  

Winter Feeding ..............................................................................  

Harvest...........................................................................................  

Hazing ............................................................................................  

Private Lands Mitigation ................................................................  

Vegetation Restoration and Protection .........................................  

Methods and Assumptions Common to All Strategies ..............................  

Strategies ..................................................................................................  

Chronic Wasting Disease ................................................................  

Winter Feeding ..............................................................................  



 

 ii  
 

Harvest...........................................................................................  

Hazing ............................................................................................  

Private Lands Mitigation ................................................................  

Vegetation Restoration and Protection .........................................  

Strategies Considered but Rejected ..........................................................  

Models of System Dynamics .................................................................................  

Monitoring ............................................................................................................  

Evaluation/Future Management ..........................................................................  

Public Outreach and Education .............................................................................  

Schedule ...............................................................................................................  

Budget...................................................................................................................  

Literature Cited .....................................................................................................  

Appendix I. Summary of primary potential impacts associated with reduced 
supplemental feeding, as identified in alternative 4 environmental consequences section 
of the Final Bison and Elk Management Plan/Environmental Impact Statement (USFWS 
and USNPS 2007). ..................................................................................................  

Appendix 2. Monitoring Supplemental Materials: Feeding Initiation Methods ......  

Appendix 3. Communication Plan..........................................................................  

Appendix 4.  Models ..................................................................................................

  



 

 iii  
 

EXECUTIVE SUMMARY [incomplete] 

 

Overview 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands, focused on four broad goals related to: 1) 
habitat conservation; 2) sustainable populations; 
3) numbers of elk and bison; and 4) disease 
management.  The final plan directed the NER 
and GTNP (in conjunction with the Wyoming 
Game and Fish Department; WGFD) to maintain 
the state’s elk herd objective of 11,000, establish 
a bison population objective of 500, restore 
habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program, when necessary in GTNP,  
continue to vaccinate elk for and effective 
vaccine becomes available, and develop a 
dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework referenced in 
the Record of Decision. 
 
Background 
Winter feeding of elk in Jackson was originally 
initiated to reduce winter mortality of elk and 
minimize depredation of ranchers’ hay.   The loss 
of available winter range in Jackson Hole due to 
new ranching operations and a growing town 
resulted in significant numbers of elk dying during 
several severe winters in the late 1800s and early 
1900s. This prompted local citizens and 
organizations, as well as state and federal officials 
in Jackson Hole, to begin feeding elk in the winter 
of 1910–11. Congress heeded the appeals for 
assistance and on August 10, 1912, established 
the National Elk Refuge. Today, the need for the 
refuge’s winter elk feeding program is a direct 

result of reduced access to significant parts of elk 
native winter range, loss of historic migration 
patterns, behavioral conditioning of elk to winter 
feeding, and the desire to maintain a population 
objective established in the context of 
supplemental feeding. 
 
Bison were extirpated outside Yellowstone 
National Park (YNP) by the mid-1880s but in 1948 
were reintroduced to Jackson Hole when 20 bison 
from (YNP) were released near Moran, Wyoming.  
The herd remained small until discovering elk 
feedlines in 1980, when the population began 
sustained population growth.  Bison and elk that 
winter on the NER are migratory and occupy 
summer ranges predominantly to the north. 
 
Objectives 
This adaptive management plan addresses 
several objectives under a broader BEMP goal of 
sustainable populations, which directed the 
agencies to: 1) Develop an adaptive management 
plan for reducing NER supplemental feeding; 2) 
[implement a] phased reduction of animals on 
feed: a) to 5,000 elk and 500 bison, and b) [to a 
point where] elk and bison rely predominantly on 
native habitat; 3) maintain natural elk bull-to-cow 
ratios in park summer herd; and 4) Enhance 
public outreach/education.  The BEMP further 
stated that consideration criteria for 
implementing the 2nd phase of reduced feeding 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on  private 
lands during high risk disease transmission 
periods, 4) maintaining desirable winter 
distribution patterns of elk and bison, 5) the 
prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
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transitioning from winter feeding of elk and 
bison on the NER to greater reliance on free-
standing forage, while maintaining population 
and herd ratio objectives.  
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies approximately 
8,000 km2 in the upper Snake River watershed 
north of the town of Jackson (Fig. 1).  Much of the 
herd is migratory, moving between distinct 
wintering and summer ranges.  Primary wintering 
areas include the Buffalo Valley, lower elevations 
of the Gros Ventre River drainage, the National 
Elk Refuge (NER), and areas adjacent to the NER 
on Bridger-Teton National Forest (BTNF) lands.  
Summering areas occur throughout the herd’s 
range and for convenience are divided into four 
geographic regions that include Grand Teton 
National Park (GTNP), Yellowstone National Park 
(YNP), the Gros Ventre drainage, and Teton 
Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 

“tusk hunters” and large-scale commercial 
hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (citations). 
Over time, changes in land use and development 
in these areas, over hunting, and establishment 
of feedgrounds probably reduced the use of 
these areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
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and federal officials in Jackson Hole, to begin 
feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 

reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 
 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
 
An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 
Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 
tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 

Preserve, Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 
to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and a variety of feeding 
strategies are employed to help reduce  
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 
 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 1953 [verify date].  The 
group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
3).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt administered by WGFD.  This plan was 

halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig 3).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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bison and elk management focused on four broad 
goals related to: 1) habitat conservation; 2) 
sustainable populations; 3) numbers of elk and 
bison; and 4) disease management.  The primary 
management scenarios presented in the 
alternatives included the status quo, terminating 
elk and bison hunting on the NER and the elk 
reduction program in GTNP, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework listed on 
page 5 of the Record of Decision (Fig. 4).  It does 
not address other on-going bison and elk 
management actions already prescribed by the 
BEMP. 
 
The BEMP scheduled the completion of an 
Adaptive Management Plan for 2008.  However, 
litigation challenging the BEMP in 2008 led to the 
decision to postpone its development until 
litigation was resolved.  As of March 2015, two 
court rulings have upheld the 2007 BEMP and 
ROD. In a lawsuit against the  BEMP and its 
author agencies (Defenders of Wildlife et al. v. 
the U.S. Department of Interior and State of 

Wyoming 2010), plaintiffs argued that the BEMP 
violated the National Wildlife Refuge System 
Improvement Act (National Wildlife Refuge 
System Improvement Act 1997) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 
agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling 
(Defenders of Wildlife et al. v. the U.S. 
Department of Interior and State of Wyoming 
2011).   
 
National Environmental Protection Act 
Compliance 
 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   
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Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 
objectives, 2 knowledge (including descriptive 
models) of the dynamics of the system being 
managed, 3) clearly articulated management 
actions and strategies, and 4) a monitoring 

program to evaluate responses of the system to 
management actions (Walters 1986).  
 
 This step-down plan utilizes adaptive 
management planning principles but is not 
intended to meet all of the adaptive 
management planning elements outlined in the 
Department of Interior Adaptive Management 
Technical Guide (2007).  This Step-Down Plan is 
more accurately described as a “structured 
framework of adaptive management actions that 
progressively transitions from supplemental 
winter feeding to greater reliance on free-
standing forage (BEMP ROD p.5).     
 
 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 
goals, 20 associated objectives were addressed 
(Table 1).  This adaptive management plan 
addresses four objectives under the goal of 
sustainable populations (Fig. 5). 
 
In Phase 1 of the second objective, the aim is to 
reduce the average number of elk on feed to 
5,000 (while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP-adopted objective of 500. In 
Phase 2, the overall objective is to reduce the 
reliance of bison and elk on supplemental feed 
(USFWS and USNPS 2007a).  Desired conditions 
include animals relying predominantly on native 
habitat and cultivated forage. Important 
consideration criteria for implementing Phase 2 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on on 
private lands during high risk disease 
transmission periods, 4) maintaining desirable 
winter distribution patterns of elk and bison, 5) 
the prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 
 

This Plan focuses on management actions to 
initially achieve Phase 1 objectives. However, if 

Table 1.  2007 Bison/Elk Management Plan 
Goals and Objectives (Adaptive Management 
Plan objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and 

cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives: 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 

• Phase reduction of animals on feed: 1) 
to 5,000 elk and 500 bison, and 2) elk 
and bison rely predominantly on native 
habitat. 

• Maintain natural bull-to-cow ratios in 
park summer herd. 

• Ensure a genetically viable bison herd 
with close to an even sex ratio. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 
11,000. 

• Maintain a genetically viable bison 
population of about 500 animals. 

Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk 
from elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

• Educate hunters about wildlife disease 
human health hazards. 
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successful, these actions will continue to be used 
to achieve the Phase 2 objective of reducing 

reliance on supplemental feeding while 
considering the six criteria listed above.      

 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 

and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The 
management stepdown approach will necessarily 
be one of investigation, constant evaluation, 
modifications to approach when indicated, and 
repeated trials (Fig 4).  As such the approach will 
also be experimental,  guided by rigorous analysis 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,200 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 
to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000, but because the proportion of the 
Jackson Elk Herd that winters on NER has 
increased dramatically (Fig. 6), this will make 
achieving the Phase I objective of 5,000 elk on 

feed and any future elk population reductions 
more difficult.   Preliminary modeling suggests 
that the increasing proportion of the Jackson Elk 
Herd wintering on NER has been associated with 
1) changes in elk winter distribution associated 
with wolves and 2)high numbers of elk that 
summer immediately adjacent to NER (Cole and 
Foley et al. 2015).   
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013. In recent years irrigation of approximately 
3,600 acres has increased refuge-wide forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone, and by 15% in the southern 
portion of NER which receives the greatest use by 
elk and bison. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes will have implications for elk 
and bison management. 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.  
 
 Chronic Wasting Disease 
Supplemental feeding has occurred in all but 9 
winters on NER since 1912, and although this 
strategy minimizes winter elk mortality from 
starvation and contributes to Wyoming state elk 
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herd objectives, elk occur at numbers and 
densities well in excess of carrying capacity 
(Smith et al. 2004, Lubow and Smith 2004).  
Considerable evidence suggests that Chronic 
Wasting Disease (CWD) transmission and 
prevalence are density dependent (Peters et al. 
2000, Williams et al. 2002).  Monello et al. (2014) 
found that elk densities of 15-110 per square km 
in Rocky Mountain National Park were associated 
with 13% CWD prevalence, and they predicted 
elk population declines when CWD prevalence 
exceeded 13%. NER elk densities commonly 
exceed 160 per square km (NER unpublished 
data), which suggests that the introduction of 
CWD to NER elk would have significant negative 
population effects over time. 
 

Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs/ac. Historic radio 
telemetry data and observations of elk 
movements indicate that when available forage 
delclines below 300 lbs/ac., some elk leave NER 
for surrounding private lands. Therefore, the 
purpose of this feeding trigger is to keep elk on 
the NER and prevent them from searching off-
refuge for forage which increases the potential of 
comingling.  This trigger is not a warning that a 
significant nutritional deficit threshold has been 
reached.  Available winter forage for elk and 
bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2015, relative to the current objective. 
  OBJECTIVE 2011 2012 2013 2014 2015 mean 
NER 5,000 7,746 7,360 6,285 8,296 8,390 7,615 
Gros Ventre 3,500 2,775 3,265 2,982 2,326 1,162 2,502 
Native Range1 2,500 982 894 1,784 801 913 1,075 
Total 11,000 11,503 11,519 11,051 11,423 10,465 11,192 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 
 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56, range 329-457) hunters harvested 161 

(SD = 38, range 126-225) elk per year during the 
NER hunt.  

The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 8).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5, 
range 139-301) bison per year.  This level of 
harvest has been sufficient to arrest the 
exponential growth of the population, reducing 
bison numbers from the peak in 2007 to about 
700 animals in winter 2015 (Fig 3). Tribal bison 
harvest of up to 5 animals for ceremonial 
purposes was authorized in the BEMP.  
Translocation of wild bison to lands outside of 
Teton County is not currently permitted due to 
brucellosis concerns.  
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Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions.  
 
Hazing 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER year around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 

and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease several days to weeks before the 
bison hunting season in an effort to increase 
hunter harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 
implementation, followed by what remains to be 
accomplished] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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  Figure 8.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
occurs one day in early February and includes 
ground counts of animals on feed at the NER and 
aerial counts of outlying bison across their winter 
ranges on the refuge, park, and Bridger-Teton 
National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 

that winter would equal 5,000 elk X 100 days = 
50,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 25,000. 
 
We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 
bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Implementation of the AMP will have successfully 
attained the objective of “transitioning from 
intensive supplemental winter feeding to greater 
reliance on free-standing forage” when 
supplemental feeding was not used for more 
than 50% of the years in a 5 year period. 
 
Initial success of AMP implementation will be a 
consistent decline in the 3-year running average 
of elk and bison fed days from the established 
baseline. While the BEMP did provide specific 
measurement criteria for the definition of 
“transitioning from intensive supplemental 
winter feeding to greater reliance on free-
standing forage” we will consider this objective 
met when the 3-year running average of elk and 
bison fed days is <50% of baseline for 5 years in a 
row.   

Commented [S3]: SK’s draft. 

Commented [S4]: SC’s alterative in this paragraph, recognizing 
that the 50% number is the crux and a glaring target. 
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Several management constraints are common to 
the strategies discussed below (Table 3).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements 
in GTNP.  Similarly, compliance with the 
Wyoming greater sage-grouse core area 
protection executive order (2011-5) could restrict 
habitat manipulations.  NEPA compliance 
conducted as part of the BEMP/EIS constrains 
what federal actions can be taken as a part of this 
plan.  State regulations constrain late (winter) 
hunt and carcass disposal timing to protect 
against brucellosis contamination, since 
February-April represent the period bison and elk 
are most likely to transmit the disease.  
Restrictions on hunting timing also result from 
BTNF winter range closures, immediately east of 
the NER and elsewhere, December 1 to April 30.  
Additional details about these and other 
constraints will be included in discussions about 
specific strategies that follow. 
 
Strategies 
 
This section will describe the management action 
this AMP proposes to implement.  As such, it 
unveils the heart of management changes 
necessary to begin the process of transitioning to 
more reliance of bison and elk on native forage 
during winter.  Fundamentally, the strategies 
discussed in this plan represent an experiment 
designed to achieve Phase I objectives of 5,000 
elk and 500 bison on NER and are a first step 
towards reducing reliance on supplemental 
feeding while meeting the sustainable population 
goals identified in the AMP. 
 
Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies to 
achieve phase I objectives are modifications to 
winter feeding and hunting seasons.  To a lesser 

Table 3. Summary of potential Adaptive 
Management Plan constraints.  
Policy 
• ESA1 Lynx – limits on habitat impacts 
• Greater Sage Grouse – core area protection 
• 2007 BEMP/EIS (federal actions/lands) 

o No fertility control 
o No test and slaughter 
o Limited tribal harvest 

• Bison/elk hunt end date (Feb. 1st)  
o WGFD, brucelosis safety 

• Carcass disposal (Feb. 15th) 
o WGFD, brucellosis safety 

• Forest Service winter closure  
(Dec. 1st – April 30th) 

• Easement limitation (NER boundary) 
Winter Feeding 
• Only during non-hunting periods 
Harvest 
• State regulations 
Vegetation Restoration/Protection 
• Bison/elk distribution 
• Exotic plant species management 
Private Lands  
• Owner agreements 
Social 
• Hunter density (safety; hunt quality) 
• Elk/bison winter mortality levels 
• Public safety (ungulate/vehicle collisions) 
• Disease  
• Land-use conflicts (agricultural and  

residential) 
Biological 
• Disease (bison/elk/cattle commingling) 
• Sage grouse habitat conflicts 
• Fencing/wildlife conflicts 
• Elk herd distribution 

o summer segment distribution goals 
Funding 
• Easement purchase 
• Plan implementation 
1Endangered Species Act 
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extent, vegetation protection and restoration can 
be important, particularly for improving long-
term ecological balance and enhancing natural 
production of native forage.  Private lands are 
also an integral component as changes in elk and 
bison distribution occur and new challenges 
develop.  The likely consequences of 
implementing these strategies were evaluated in 
the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously and 
systematically. The strategies discussed below 
have been developed in this context, with 
appropriate feedback mechanisms through 
rigorous monitoring and frequent evaluation.  
Inability to meet this objective under the 
strategies presented here would trigger a 
thorough evaluation and development of more 
aggressive strategies. 
 
Chronic Wasting Disease 
The BEMP states that “If (CWD) infection is found, 
strategies from the state’s Chronic Wasting 
Disease Management Plan (WGFD 2006) will be 
implemented to reduce transmission (BEMP 
p.127). 
 
In 2014 WGFD began the revision process for the 
Wyoming CWD Management Plan (2006) which 
to date has not been completed. WGFD has 
cooperated with federal agencies and other 
stakeholders to revise the plan, and NER and 
USFWS Region 6 Wildlife Health Office staff 
participated in several meetings associated with 
this effort.  One goal of the CWD Management 

Plan update is to develop specific management 
responses should CWD be detected on or 
adjacent to State or NER elk feedgrounds.  Early 
detection of CWD in the JEH is essential to ensure 
an effective management response. 
 
When completed, the State of Wyoming’s 
updated Chronic Wasting Disease Management 
Plan will be evaluated to determine if these new 
strategies will be implemented on the NER or if 
other strategies will be used. 
 
Since 1997 NER has cooperated with Wyoming 
Game and Fish Department (WGFD) to conduct 
surveillance for CWD in the JEH unit. Although 
this effort indicates that CWD is not currently 
found in the JEH, continued surveillance at 
sample sizes sufficient to detect 1% prevalence 
with 95% confidence annually will be critical to 
ensure a timely management response and limit 
the long-term population effects of the disease 
(USFWS and NPS 2007).  Given that CWD has 
been detected within 40 miles of the JEH in 
moose, within 70 miles in deer, and within 175 
miles in elk, this level of surveillance is 
warranted.   
 
Winter Feeding 
Winter feeding actions that could be modified 
include starting date, ending date, and daily 
ration.  To modify elk and bison behavior in the 
long run, delaying initiation of feeding is likely to 
have the greatest impact by gradually 
conditioning them to expect feed later on 
average, with the desired outcome of building a 
cohort of animals that rely primarily on native 
winter range and are not food conditioned. To 
reduce supplemental feeding overall, ending 
feeding early would also help decrease the 
amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   

 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 4, Fig. 9).   Time of season could 
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influence this interval, most likely shortening it as 
the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from December 30 to February 28.  Delaying 
feeding by two weeks in January, for example, is 
likely to be more successful than doing so in 
February, when food stress and tendency for 
animals to move to private lands is greater.  
Forage availability could also have an influence, 
particularly if a freeze thaw event resulted in an 
acute and large reduction in available forage.  
Both time of season and forage availability 
considerations would be affected by the numbers 
of elk and bison on the NER.  And finally, the 
distribution of animals, particularly on private, 
livestock producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer because of being displaced by 
more dominant animals.  Monitoring programs 
will include measures of calf mortality and it will 
be an influencing parameter in feedback 
mechanisms.  The BEMP anticipated that elk 
mortality could increase from 1-2% overall to 1-
5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32% based on an average 
feeding season length of 9.3 weeks from 1995-
2015. 
 
The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites and on-going measurements at those sites 
throughout the winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 

flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 
hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 4).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 
Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNP summer segment (since most 
park bulls migrate to the NER) would help inform 
levels of take proposed.  Bow hunting in areas 
currently closed to firearms will likely increase 
harvest by eliminating “no-hunt” areas which can 
become sanctuaries for large numbers of elk. 
Shifting the hunt one week later is consistent 
with later migrations and will improve harvest 
effectiveness. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has lead to significant increases of winter 
elk concentrations on the NER.    
 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
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Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 4).  Consideration would be given to later 
hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, State 
quotas will likely be reduced and management 
flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Serious consideration should be given to reducing 
the bison herd population objective in the future.  
This would lower winter forage consumption on 
the NER and help reduce elk and bison winter 
concentrations.    
 

The current bison herd objective is “. . . maintain 
and ensure a genetically viable population of 
approximately 500 animals (five-year average), 
with as close to an even sex ratio as possible to 
maximize maintenance of genetic variation over 
time. . .” (BEMP p. 136).    
 
The Jackson bison herd is not considered part of 
the U.S. Fish and Wildlife Service’s meta-
population approach to bison conservation 
because of its high prevalence of brucellosis.  This 
disease prevents the export of Jackson bison to 
other DOI conservation herds. 
 
The 500 bison population objective was set 
primarily to preserve existing genetic diversity 
assuming extremely limited natural genetic 
transfer with the Yellowstone or other DOI bison 
conservation herds.  Genetic diversity can be 
maintained for a Jackson bison herd less than 500 
if bison with desirable genetic diversity are 
periodically imported from other DOI bison 
conservation herds.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 
spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Figs. 9 and 10). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   
 

 

Figure ?. The annual fall/winter arrival of elk to 
the NER during the past several decades has 
been occurring progressively later.  This trend 
may necessitate extending the elk hunting 
season later into the year to achieve harvest 
objectives. 
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Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 
Several strategies would be employed to mitigate 
potential problems (Table 4), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 
purchase private lands easements to prevent co-
mingling. A vital component in implementing 
these mitigation measures is to establish three 
seasonal Wildlife Conflict Technician positions 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the AMP 
(see Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMP mitigation efforts.  
 
Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    

 
Vegetation Restoration/Protection 
 
[NER and GTNP staff to draft material] 
 
Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 
 
A private lands Hunting Coordinator Position 
would be established and supervised by the 
WGFD to promote and coordinate hunting 
activity focused on Southern Herd Segment 
harvest in and around private lands in the Spring 
Gulch Area north to Moose, WY (Hunt Area 78).    
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Table 4 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold  <= 10%  
  Elk/bison distribution - visual    
  Elk/bison distribution –  
  collars 

   

  Winter mortality    
  Elk summer range 
  proportions 

   

    
Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 
   Structure  - 1 week initial drawing 

- 1 week left over 1st 
served 
- partial week alternate 

- 1 week initial drawing 
- 1 week left over 1st 
served 
- partial week alternate 
- daily 1st served 
alternates 

 

1Number elk and bison on feed per day, totaled by feeding season. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   Landscape damage    
   Easement acquisition    
    
Vegetation Restoration/ 
Protection: Elk Refuge 

   

    
Vegetation Restoration/ 
Protection: Grand Teton 
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Figure 9.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure  10. [example] Framework for harvest strategy and adaptive management. 
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Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMP (Table 5).  Since they were not part of the 
ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management plan, and thus they are 
not being considered at this time.   

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation and cessation of winter feeding). Fig. 11 
describes possible factors that affect winter elk 
distribution (the proportion of elk on NER 
feedgrounds versus native winter range). Models 
will be used to identify the relative influence of 
our principal management strategy (a reduction 

in feed season length) and other factors on 
winter elk distribution (Appendix 3).  Over time 
this will allow us to assess whether changes in elk 
distribution were the result of our management 
actions or due to factors outside of our control.  
 
An increase in calf elk winter mortality is a 
potential result of reduced feed season length.  
Fig. 12 portrays factors that influence winter calf 
elk survival on NER.  
 

Table 5.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due 

to major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest 
herd segment in Hunt Area 78 on private lands, where 
federal agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for 
AMP because current hunting programs appear effective 
at slowly moving the herd toward the 500 animal herd 
objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands 
because current hunting programs that utilize sport 
hunters are effective at meeting herd objectives. 

Altering rations of supplemental feed Rejected as a strategy because reducing daily feed ration 
below 8 lbs/elk would be enough feed to encourage elk to 
remain on NER but would result in unacceptably high elk 
calf mortality rates. 
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Models will be used to assess the effects of 
available forage on winter calf elk survival 
(Appendix 4).  Over time this will allow us to 
assess the effects of our principal management 
strategy (reducing feed season length) relative to 

other factors on elk calf survival and potentially 
adjust our management actions based on model 
results. 
  

 
  

 

Figure 11.  Influence diagram depicting factors (including management actions) influencing outcomes 
identified in the Bison and Elk Management Plan (BEMP; USFWS 2007a). Gray hexagons represent outcomes, 
rectangles represent management actions, rounded rectangles represent factors with numerical objectives, 
and ovals represent factors outside of management control. Bolded polygons and arrows represent outcomes 
and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed rectangle) 
is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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MONITORING  
 
Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers; and 3) extending the monitoring 
period later in the winter to assess the 
relationship between available forage and elk and 
bison distribution. 
 
To better represent the total amount of forage 
available on the southern half of NER, a 

subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional random sample sites 
stratified by elk habitat preference will be added.   
Historic elk distribution mapping and elk GPS 
collar data (NER unpublished data) suggest that 
the areas most preferred by elk on southern NER 
are associated with moderate to high forage 
production and green vegetation.  Because the 
distribution of forage production and greenness 
characteristics vary annually based on irrigation 
and precipitation patterns, we will annually map 
areas preferred and not preferred by elk and 
sample sites will be randomly selected within 
each of these mapped categories.   At least 3 
historic key index sites, 3 random sites in areas 
preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 

 

Figure 12. Influence diagram depicting factors (including management actions) influencing bison and elk fed 
days on the National Elk Refuge (see text for description) and winter calf elk survival. Gray hexagons represent 
outcomes, rectangles represent management actions, rounded rectangles represent factors with numerical 
objectives, and ovals represent factors outside of management control. Bolded polygons and arrows represent 
outcomes and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed 
rectangle) is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average 
forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the 
monitoring period will be extended to include the 
intervening 2 weeks.   
 
Proportion of Elk Wintering on NER 
 
A principal AMP goal is to reduce the number of 
elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 
each year, we will calculate the proportion of 
total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 

running average post AMP implementation to the 
pre-implementation baseline.  The pretreatment 
baseline will be comprised of data from 2008-
2016, a time period that represents BEMP 
implementation prior to AMP actions (Figure 13).   
 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMP implicitly assume that the 
transmission rate and prevalence of elk and bison 
diseases are density dependent and positively 
correlated with the number of elk and bison 
utilizing feedgrounds and the number of days 
they are fed.  We further assume the variables 
elk-fed-eays (EFD) and bison-fed-days (BFD) are a 
proxy for these conditions. EFD and BFD will be 
calculated annually for each species based on the 
following formulas:  
 
 
 

 

Figure13. Proportion of the Jackson Elk Herd that was 
classified on NER feedgrounds in the period following 
implementation of the Bison and Elk Management Plan 
and prior to the implementation of the Adaptive 
Management Plan (2008-2015).  These values 
represent the pretreatment baseline which will be 
compared to the 3 year running average post AMP 
implementation. 
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EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 
 
BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 

comparing the 3-year running average post AMP 
implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account for wide annual variation in EFD and BFD 
associated with winter severity (Fig. 14) 
 
Elk Winter Mortality Monitoring 
 
NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMP implementation, 
which will allow trend comparisons to the pre 
AMP baseline (Figure 15).  Under the AMP 
framework, we believe the 3 year running 
averages for total and calf winter elk mortality 
will be within the range of variation exhibited by 
the pre AMP baseline.  Historic monitoring 
suggests that calf and total mortality are sensitive 
to winter severity and disease outbreaks, and 
that winter mortality occasionally exceeds >3% 
total mortality and >10% calf mortality.  Post 
AMP mortality in excess of these levels may 
warrant shortening the 2-week feeding initiation 
delay in subsequent years. 
 
Elk Collaring 
 
One of the AMP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas.  To quantify this effect and provide real 
time information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 
sample of 50 GPS collars on elk that winter on 
NER throughout the AMP implementation period.  

 

 
 
Figure14. Elk Fed Days (EFD) and Bison Fed Days 
(BFD) in the period following implementation of the 
Bison and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 
3 year running average EFD and BFD post AMP 
implementation. 
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Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This 
sample size will not be sufficient to detect all elk 
movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk 
movements from NER to surrounding private 
lands will increase during the AMP 
implementation period compared to the pre-
treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 
is the season when changes to the NER feeding 

program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 
Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 
need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis 
process includes brucellosis seroprevalence, 
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 
Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post AMP 
implementation.  There are no recent brucellosis 
seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk 
collaring operations in winter 2016, and each elk 
will be tested for Brucellosis exposure.  The 2016 
Brucellosis seroprevalence rate will be the pre-
treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 
introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 

 

Figure15. Total and calf elk winter mortality (%) on NER 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the pretreatment 
baseline which will be compared to the 3 year running 
average post AMP implementation. 
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management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 
CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 

technicians working from September-December 
are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 

 

 
EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 
strategies outlined in this plan will be in place for 
a minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 

an annual adaptive management update/report, 
completed by NER staff by the end of March for 
the previous year.  
 
Investigating the potential effects of climate 
change on elk and bison management will be 
important in the long-term.  During 
implementation of this plan, we will collect a 
variety of data that can be drawn upon for this 
purpose.  

 

PUBLIC OUTREACH AND EDUCATION  
The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMP 
implementation.  The practice of feeding elk 

evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMP in order to gain general 
consent to modify longstanding elk/bison herd 
management methods.   
 
A detail communication plan to guide outreach 
and education efforts can be found in Appendix 3. 
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SCHEDULE 

 

 

Table 7.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 

 

 

Table 6.  Adaptive Management Plan proposed schedule. 
Action Date 

GPS Collar 30-40 elk prior to strategy implementation (Iridium platform) February 2016 

Public outreach and education March 2016 

Initiate private lands conflicts mitigation contacts/actions March 1, 2016 

Implement enhanced forage monitoring  March 1, 2016 

Initiate changes in supplemental feeding protocol January 2017 

Monitoring/Evaluation/Annual Report June 2017 
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BUDGET 

Table 8. [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Seasonal Biological Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 
     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment distribution1      
     Expanded standing forage estimates1      
     Chronic Wasting Disease, 2 seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 
     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; Iridium Platform $115,000 $25,000 $25,000 $25,000 $25,000 
Bison barrier at NER south entrance $80,000 $1,000 $1,000 $1,000 $1,000 
Adaptive Management Plan annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 
Private lands:      
     Easements / Acquisition      
     Damage reimbursements (Wyoming)      
     Conflict mitigation coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 
Vegetation restoration/protection1      
Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 

Subtotal      
Grand Teton National Park:      
Monitoring:      
     Summer elk classification/distribution      
     Hunter harvest      
     Harvest age distribution      
     Transition range forage production/utilization      
Vegetation Restoration/Protection      
     Temporary bison fencing      
     Hayfields restoration      
     Exotic plant mitigation      
     monitoring      
Elk Reduction Program      

Subtotal      
Wyoming Game and Fish Department:2      
Private lands:       
     elk harvest coordination      
     Easements / Acquisition      
     Damage reimbursements      
     Conflict mitigation coordination      

Add additional lines and categories as needed 
Subtotal      

Grand Total      
1 See detail in Appendix      
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APPENDIX 1.  Summary of primary potential impacts associated with reduced supplemental feeding, 
as identified in alternative 4 environmental consequences section of the Final Bison and Elk 
Management Plan/Environmental Impact Statement (USFWS and USNPS 2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing 

supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter 

forage production, assessments of forage utilization (done jointly by WGFD and NER personnel), 
elk condition and movements, and potentially on the January 1 index of winter severity 
calculations for elk (Farnes, Heydon, and Hansen 1999). 

• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition 

(negligible adverse effect on NER elk from lower nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the 

bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would 

increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider 
distribution. 

• Elk use of lands surrounding the NER would increase, including: 
o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNP 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and 
Gros Ventre segments. 

• As ungulate numbers decreased and supplemental feeding was reduced, competition and 
aggressive social interactions on the refuge would also be reduced. 

• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability 
would have a greater influence on numbers, movements, distribution, and mortality. 

• More elk would be subject to natural factors affecting mortality, including loss of body 
condition, predation, and starvation. 

• Increased mortality on and off the refuge would mainly affect older elk and calves, and some 
prime bulls entering the winter energetically stressed due to rut activities. 



 

 35  
 

• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 

1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due 
to tuberculosis, septicemic pasturelosis, and CWD. 

• The health and sustainability of the Jackson elk herd would be increased gradually as 
supplemental feeding was reduced and there was greater reliance on standing forage and wider 
ungulate distribution. 

• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and 

potential transmission of brucellosis, as well as potential for spread of diseases not yet in the 
population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, 
to coordinate actions that would prevent conflicts due to elk dispersal and to defray costs of 
managing potential conflicts. Preventing access to food/hay rewards on private lands would be 
vital for effective management. 

• Private land conservation easements within NER boundaries would promote wider distribution.  
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APPENDIX 2.  Monitoring Supplemental Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured at every 5 steps along the random bearing 
determined for each site.  At each subplot a 13.27” diameter metal sampling ring will be placed on the 
ground. The amount of forage available to elk within the sampling ring (dry weight in grams) will be 
visually estimated.  The 13.27” diameter subplot allows easy conversion from grams to lbs. per acre 
(each gram is equivalent to 100 lbs. per acre). During annual forage production sampling, refuge 
biologist Eric Cole has made approximately 1,000 of these visual estimates per year for 17 years, and 
33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will be the 
principal estimator, but additional personnel will be trained in these techniques to provide redundancy 
in the event of personnel changes, and to increase the number of observers to facilitate estimation of 
error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward when 
snow cover is limited, but estimating how much of the forage is accessible to elk when snow is dense, 
deep and crusted can be subjective.  To decrease the subjectivity of the estimation process, if the area 
under the sample ring is covered with snow, only forage that can be exposed with a gloved hand will be 
included in the estimate of available forage.  Forage that is fouled with manure and/or flush with the 
ground due to trampling and/or encrusted in ice will not be included in the estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an equivalent 
lbs./acre value (1 gram=100 lbs./acre).   The arithmetic mean of available forage (lbs./acre) for the 10 
subplots provides an estimate of available forage for each index site.  There are 3 sample site categories: 
1) Historic  Key Index Sites that have been used since 2007, 2) New randomly selected sites within areas 
preferred by elk, and 3) New randomly selected sites in areas not preferred by elk.  Historic key index 
sites were not randomly selected, but were instead selected to represent areas most preferred by elk on 
the south end of NER.  These were the sites used to determine when supplemental feeding would be 
initiated from 2007 until the implementation of the AMP.  To facilitate comparison with pre-AMP data, 
we will continue to use mean lbs. per acre across historic key index sites to determine the 300 lbs. per 
acre threshold.  However, post AMP implementation we will delay feeding initiation by 2 weeks once 
the 300 lbs./acre level has been reached.  We will concurrently sample at randomly selected sites 
stratified on an annual basis between areas highly preferred and not highly preferred by elk.  This will 
enable us to quantify the relationship between mean forage availability at historic key index sites and 
random sites over time. 
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APPENDIX 3.  Communication Plan 
 
Communication Goals 
 
Prior to the Adaptive Management Plan’s Implementation 
 
• Utilize a variety of outreach methods to inform the public on the goals and timing of the Adaptive 

Management Plan’s implementation and possible effects on wintering herds. 
• Utilize a variety of outreach methods to inform the public on public comment opportunities. 
• Identify and coordinate key messages and outreach with USFWS regional and national offices, State and 

federal agency partners, non-profits, elected officials, and other identified audiences. 
 
During the Adaptive Management Plan’s Implementation 
 
• Continue to utilize a variety of outreach methods to describe current management actions as well as 

measurable and noticeable changes on the landscape, in animal behavior, or in animal health. 
• Provide a comprehensive overview of the Adaptive Management Plan by providing links and references 

to previous outreach and background information. 
 
Communication Objectives 
 
• Work with current media contacts to promote news of the Adaptive Management Plan via print, radio, 

Web, and social media platforms. 
• Utilize new media and social media tools to provide information on why the Adaptive Management Plan 

was developed, what public comment opportunities exist, and how the plan is being implemented. 
• Plan, coordinate, and execute public meetings to allow for public comment and questions on the plan. 
• Develop and provide methods for the public to submit written comments on the Adaptive 

Management Plan. 
• Monitor print media on Refuge elk and bison management to see how Adaptive Management Plan 

objectives and reactions are being portrayed to the public. 
 
Current Outreach Resources 
 
• National Elk Refuge web site 
• National Elk Refuge news release list 
• (approximately  300 contacts) 
• National Elk Refuge Twitter site (1,039 followers) 
• Bison and Elk Management Plan web site (http://www.fws.gov/bisonandelkplan/) 
• Space for an 11” x 17” poster in the Visitor Center on Refuge management topics 
• Display panels in the Visitor Center theater for temporary displays 
 
Available Supporting Outreach Resources 
 
• USFWS Mountain–Prairie External Affairs staff 
• USFWS Mountain–Prairie web site, including the 
• “Top Stories” feature 
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• USFWS Mountain–Prairie Twitter site USFWS Mountain-Prairie Region Facebook page 
• USFWS National Wildlife Refuge System 
• Facebook page 
• USFWS Facebook page 
 
Previous Outreach Efforts 
 
• NER routinely writes and disseminates news releases on Refuge management activities, including the 

Comprehensive Conservation Plan, supplemental feeding, herd health monitoring, and forage 
production.  

• Post the above news stories as Content. 
• Management System (CMS) articles. 
• Post CMS news story promos so they prominently appear on the home page, linking readers to the 

articles. 
• Send out Twitter messages linking viewers back to the news stories. 
• Prepare, upload and provide links to Adobe PDF versions of news stories with addtional photos where 

additonal images are available and/or help understand or visualize the content. 
• Utilized the Conservation link on the web Content 
• Management System to post information about 

the Bison and Elk Management Plan and the draft Comprehensive Conservation Plan. 
• Retained and provided a link to the original Bison and Elk Management web page (http://www.fws. 

gov/bisonandelkplan/) that was developed during the planning process. The web site includes links to 
the Final Plan/EIS, Record of Decision, Federal Register Notice of Availability for both the Record of 
Decision and Final Plan/EIS, associated news releases, public meeting highlights, and other related 
documents. Note: the National Elk Refuge does not manage the site. 

 
Additional Outreach Opportunities 

 
• Public meetings in Jackson and other identified locations. 
• Service produced video; video could be posted to the National Elk Refuge’s multimedia web page, or 

USFWS Mountain–Prairie home page “Top Video” feature. 
• Live radio interview on KHOL (Jackson, WY radio) 
• Wyoming Public Radio interview with Refuge management staff 
• Interviews with local print media sources 
• Updates at community leader meetings such as Rotary Club, Jackson Hole Chamber of Commerce board 

meetings, and interagency breakfast meetings (with Federal agencies and local elected officials). 
 
Target Audiences 
 
Internal 
• Regional and National USFWS Leadership 
• Refuge permanent staff 
• Refuge seasonal staff 
• Refuge volunteers 
 
External 
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• Congressional representatives 
• State of Wyoming leadership 
• Federal agency partners, particulary Grand Teton National Park and the Bridger–Teton National Forest 
• Wyoming Game & Fish Department 
• Other NER partners, including county and town agencies and local nonprofit organizations 
• Local elected officials 
• Private landowners in proximity to the National 
• Elk Refuge or neighboring Federal lands 
• Tribes 
• Local and state media 
• Local public 
 
Key Outreach Topics 
 
• Overview of BEMP objectives 
• Strategy to change elk/bison behavior 
• Threat of disease 
• Natural mortality rates 
• Anticipated winter distribution changes for bison/elk 
• Mitigate negative effects on private lands 
• Change elk behavior and distribution while avoiding increased mortality. 
• Explain the historic reasons a supplemental feeding program began and why it was continued.   
• Explain the NER’s limited large ungulate carrying capacity and the disproportionate impact of bison 

on available forage; 3 elk = 1 bison. 
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APPENDIX 4.  Models 

Elk winter distribution model 
 
The proportion of the JEH that winter on the NER will be linked to factors hypothesized to influence elk 
winter distribution (Fig. 2) using a generalized linear mixed effects model (GLMM). A GLMM can account 
for a proportional response variable (i.e., constrained to the interval 0–1) using a log link and binomially-
distributed errors. A GLMM also includes fixed and random effects, with the latter capturing residual 
model variance otherwise not explained by fixed effects. Year will be including as a random effect, 
providing several benefits. First, we don’t assume years are independent and comprise all of the factor 
levels of interest. Instead, the effect of year is treated as a random variable, with individual year effects 
realizations of that distribution. This allows inference to non-sampled factor levels, i.e. years, by 
estimating a latent population-level proportion of elk expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect can be considered a latent variable describing elk 
behavior manifested as observed winter distribution. Second, because year effects are not treated as 
independent, estimated effects of year on the proportion of JEH elk wintering on the NER are 
dependent on all factor levels, leading to greater precision when estimating individual year effects (Kéry 
2010).  
 
The full GLMM incorporating fixed effects for each factor identified as influencing elk winter distribution 
(Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 + 
𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝑆𝑆𝑡𝑡 + 𝜀𝜀𝑡𝑡 

 
where the random intercept and residual model variance are 
 
𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0

2 ), and 
 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
 
Fixed effects include 1) per capita available forage at initiation of winter feeding (AFI) , 2) proportion of 
the JEH that are short-distance migrants (SDM), 3) number of wolf packs present on JEH native winter 
range (WP), 4) growing season (May–August) precipitation for the Wyoming Snake Drainage climate 
division (GSP; a proxy for available forage on native winter range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. (2003) has as an output weekly available forage biomass 
for the NER (sum of predictions for 30 × 30 m cells). These predictions account for snow conditions using 
a proxy of SWE and decrement total available biomass by 35% to account for unpalatable plants within 
the total estimate.  
 
While calf survival is a function of multiple factors (Fig. 3), the primary management action influencing 
calf survival is supplemental winter feeding. Current winter feeding initiation criteria lead to calf survival 
generally higher than in unfed populations. Proposed feeding initiation criteria will result in later 
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initiation of supplemental feed, which will be most influential to calf survival. There is currently little 
understanding regarding the relationship between initiation of winter feeding and calf survival, except 
that current feeding initiation criteria result in high calf survival. We believe a threshold level of 
available forage at initiation of winter feeding exists such that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized to decline quickly with reductions in available forage 
at winter feeding initiation. Available forage at the initiation of winter feeding will be related to on elk 
calf winter survival using a saturating function (i.e., Holling type-II functional response; Fig. 6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf survival is related to available forage. Maximum calf survival 
is a, and b represents the value of available forage to an individual when survival is 50% of a (Hilborn 
and Mangel 1997).  
 
Although this approach doesn’t capture forage deficits per se, it does provide a potentially sensitive 
proxy for this concept. It is assumed that a forage deficit for calves would occur at a point on the curve 
of the relationship between calf survival and available forage at initiation of supplemental feeding. 
Modeling the response of winter calf elk survival to changes in feeding initiation criteria facilitates our 
ability to maximize the influence of feeding initiation criteria on winter distribution while minimizing the 
likelihood of a large mortality event.   
 

 
 Hypothesized relationship between winter survival of elk calves and per capita available forage at initiation of 
winter feeding on the National Elk Refuge.  
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EXECUTIVE SUMMARY  
 

Overview 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNPGRTE) published a 
Record of Decision (ROD; USFWS and USNPS 
2007a) for a bison and elk management plan.  
The Bison and Elk Management Plan (BEMP; 
USFWS and USNPS 2007b) was developed to 
guide management of the Jackson bison and elk 
herds on NER and GTNPGRTE lands, focused on 
four broad goals related to: 1) habitat 
conservation; 2) sustainable populations; 3) 
numbers of elk and bison; and 4) disease 
management.  The final plan directed the NER 
and GTNPGRTE (in conjunction with the Wyoming 
Game and Fish Department: WGFD) to maintain 
the state’s elk herd objective of 11,000; establish 
a bison population objective of 500; restore 
habitat on the NER and in GTNPGRTE; continue 
hunting bison and elk on the NER; continue the 
elk reduction program, when necessary, in 
GTNPGRTE;  allow the WGFD to continue to 
vaccinate elk and bison for brucellosis using 
existing vaccines until more effective vaccines 
become available; and develop a dynamic, 
structured framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework referenced in 
the Record of Decision. 
 
Background 
Winter feeding of elk in Jackson was originally 
initiated to reduce winter mortality of elk and 
minimize depredation of ranchers’ hay.   The loss 
of available winter range in Jackson Hole due to 
new ranching operations and a growing town 
resulted in significant numbers of elk dying during 
several severe winters in the late 1800s and early 
1900s. This prompted local citizens and 
organizations, as well as state and federal officials 
in Jackson Hole, to begin feeding elk in the winter 
of 1910–11. Congress heeded the appeals for 

assistance and on August 10, 1912, established 
the National Elk Refuge. Today, the need for the 
refuge’s winter elk feeding program is a direct 
result of reduced access to significant parts of elk 
native winter range, loss of historic migration 
patterns, behavioral conditioning of elk to winter 
feeding, and the desire to maintain a population 
objective established in the context of 
supplemental feeding. 
 
Bison were extirpated outside Yellowstone 
National Park (YNP) by the mid-1880s but in 1948 
were reintroduced to Jackson Hole when 20 bison 
from (YNP) were released near Moran, Wyoming.  
The herd remained small until discovering elk 
feedlines in 1980, when the population began 
sustained population growth.  Bison and elk that 
winter on the NER are migratory and occupy 
summer ranges predominantly to the north. 
 
While there have been many benefits associated 
with wintering large numbers of elk and bison on 
the NER, high animal concentrations have created 
an unnatural situation that has contributed to an 
increased risk for potentially major outbreaks of 
exotic diseases, damage to and loss of habitat 
due to browsing of willow, cottonwood, and 
aspen stands, thereby reducing other wildlife 
associated with woody vegetation, unusually low 
winter mortality, which affects predators and 
other species and requires intensive hunting 
programs, and a high level of brucellosis in elk 
and bison herds. 
 
 
Objectives 
This stepdown plan addresses several objectives 
under a broader BEMP goal of sustainable 
populations, which directed the agencies to: 1) 
Develop a dynamic, structured frameworkn 
adaptive management plan for reducing NER 
supplemental feeding; 2) [implement a] phased 
reduction of animals on feed: a) Phase 1, to 5,000 
elk and 500 bison, and b) Phase 2 [to a point 
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where] elk and bison rely predominantly on 
native habitat; 3) maintain natural elk bull-to-cow 
ratios in park summer herd; and 4) Enhance 
public outreach/education.  The BEMP further 
stated that consideration criteria for 
implementing the 2nd phase of reduced feeding 
wouldill include some or all of: 1) the level of 
forage production and availability on the National 
Elk Refuge and adjacent winter ranges, 2) 
maintenance of desired herd sizes and age/sex 
ratios, 3) the ability to effectively mitigate of 
bison and elk livestock conflicts, such as co-
mingling with livestock on  private lands during 
high risk disease transmission periods, 4) 
maintaining desirable winter distribution patterns 
of elk and bison, 5) the prevalence of brucellosis, 
chronic wasting disease, and other wildlife 
diseases, and 6) public support.   In short, the 
overall objective of this plan is to provide a path 
for progressively transitioning from winter 
feeding of elk and bison on the NER to greater 
reliance on free-standing forage, while 
maintaining population and herd ratio 
objectives and public support. 
 
Strategies 
 Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and even abundant during some years. 
Attempting to modify this behavior on a large 
scale is unprecedented and will necessarily 
require investigation, constant evaluation, 
modifications to approach when indicated, and 
repeated trials.   
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in 

GTNPGRTE, and on non-federal lands in 
collaboration with land owners and WGFD. 
Primary management practices that can be 
altered to achieve reduced reliance of bison and 
elk on supplemental feed fall into the  3 broad 
categories of 1) timing and intensity of winter 
feeding, 2) timing and intensity of hunting, and 3) 
herd segment specific and overall harvest levels. 
 
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes. Rather than basing 
progress toward the number of elk on feed for 
the entire season on those present during the 
day of the survey only, we will use a more 
meaningful measurement. Since we are more 
interested in the intensity of elk feeding 
throughout the entire feeding period, which 
includes both the number of animals on feed and 
the duration of feeding, we will use a 
measurement of elk-fed-days (EFD; the total 
number of elk fed per day per season) as a gauge 
of feeding intensity (see monitoring section).  For 
example, if 5,000 were elk fed for 100 days 
during the winter, feeding intensity for that 
winter would equal 5,000 elk X 100 days = 50,000 
EFD, whereas if 5,000 elk were fed for 50 days, 
EFD would equal 25,000.  We determined feeding 
intensity benchmarks for bison and elk-fed based 
on an actual average of 64 days of feeding from 
1995-2007.  Based on the Phase I objectives of 
500 bison and 5,000 elk, fed-days benchmarks 
would be 64 x 500 = 32,000 for bison and 64 x 
5,000 = 320,000 for elk.  These values will assist in 
determining efficacy of strategies toward 
reducing reliance of both species on 
supplemental winter feeding. 
 
Initial success of AMPMSP implementation will be 
a consistent decline in the 3-year running average 
of elk and bison fed days from the established 
baseline. While the BEMP did provide specific 
measurement criteria for the definition of 
“transitioning from intensive supplemental 
winter feeding to greater reliance on free-
standing forage” we will consider this objective 
met when the 3-year running average of elk and 
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bison fed days is <50% of baseline for 5 years in a 
row.   
 
Chronic Wasting Disease.  CWD has been 
detected within 40 miles of the JEH in moose, 
within 70 miles in deer, and within 175 miles in 
elk. Continued surveillance at sample sizes 
sufficient to detect 1% prevalence with 95% 
confidence will take place.  Some aspects of CWD 
response planning could change depending on 
the outcome of the WGFD CWD management 
plan revision process. 
 
Winter Feeding.  Initially, supplemental feeding 
will be delayed by approximately 2 weeks, 
depending on several variables (Table 4, Fig. 910).   
Time of season could influence this interval, most 
likely shortening it as the feeding initiation date 
gets later.  During the last 20 years, feeding 
initiation dates, which have been based on forage 
availability, have varied from December 30 to 
February 28.  Delaying feeding by two weeks in 
January, for example, is likely to be more 
successful than doing so in February, when food 
stress and tendency for animals to move to 
private lands is greater.  Forage availability could 
also have an influence, particularly if a freeze 
thaw event resulted in an acute and large 
reduction in available forage.  Both time of 
season and forage availability considerations 
would be affected by the numbers of elk and 
bison on the NER.  And finally, the distribution of 
animals, particularly on private, livestock 
producing lands, would be considered.  
Monitoring programs will include measures of 
calf mortality and it will be an influencing 
parameter in feedback mechanisms.  The BEMP 
anticipated that elk mortality could increase from 
1-2% overall to 1-5%. 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32% based on an average 

feeding season length of 9.3 weeks from 1995-
2015. 
 
Harvest.  Few options for manipulating elk 
hunting are currently available because the JEH is 
at or near the 11,000 WGFD objective.  Proposed 
changes include allowing limited any elk permits  
and consideration of a bow season near 
developments on the NER, and shifting the 
season later to better coincide with migration 
timing.   
 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 
 
Recent trends of reduced use of traditional 
winter range and increases in short-distance 
migrant summer herd segments have led to 
significant increases of winter elk concentrations 
on the NER. Serious consideration should be 
given to reducing the Jackson Elk Herd population 
objective, which would provide level of harvest 
flexibility more commensurate with addressing 
these herd changes. 
 
Bison hunts on the NER (bison hunting is 
prohibited in GTNPGRTE) would see little initial 
change (Table 4).  Consideration would be given 
to later hunt end dates commensurate with 
delayed feeding, and possible escorted hunting in 
the South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  Serious consideration should be given to 
reducing the bison herd population objective in 
the future to lower winter NER forage 
consumption and help reduce elk and bison 
winter concentrations.  Genetic diversity could be 
addressed by periodically introducing bison from 
other herds. 
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Effectiveness of NER late-season harvest regimes 
is affected by December 1st winter closures 
immediately east of the refuge on BTNF lands.   
Extensive elk telemetry data suggest that 
delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Private Lands Mitigation.  Several strategies 
would be employed to mitigate likely changes in 
bison and elk distribution, including providing 
incentives for non-breeding cattle operations, 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, 
hazing elk/bison away from livestock feed lines 
and purchasing private lands easements to 
prevent co-mingling. A vital component in 
implementing these mitigation measures is to 
establish three seasonal wildlife conflict 
technician positions supervised by WGFD.  
 
Vegetation Restoration. [to be completed after 
these sections are drafted in the plan] 
 
Strategies Considered But Rejected 
 
Strategies considered by rejected included 
fertility control in elk and bison, agency reduction 
of either elk or bison, and altering rations of 
supplemental feed. 
 
Models and Monitoring 
 
Models will be used to identify the relative 
influence of our principal management strategy 
(a reduction in feed season length) and other 
factors on winter elk distribution (Appendix 3).  
Over time this will allow us to assess whether 
changes in elk distribution were the result of our 
management actions or due to factors outside of 
our control. 
 
A robust monitoring program will be necessary to 
track the effects of actions implemented under 

this plan.  Critical monitoring components will 
include: 1) enhanced forage production and 
availability sampling; 2) measuring animal 
abundance and distribution including differences 
in some sex and age classes; determining elk and 
bison fed days each feeding season; 3) estimating 
winter mortality; 4) brucellosis seroprevalence 
rates; and 5) CWD surveillance.  In many cases, 
attribute baselines for the period preceding 
implementation of this plan have been developed 
for comparison after the plan is implemented.     
 
Evaluation/Future Management 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Actions completed each year, the results of 
monitoring programs, and any proposed changes 
in course will be presented in an annual adaptive 
management stepdown plan update/report, 
completed by NER staff by the end of March for 
the previous year.  
 
Public Outreach/Education 
 
De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.  The general public and 
especially key stakeholder groups must 
understand the biological needs for and 
strategies of the AMPMSP in order to gain 
general consent to modify longstanding elk/bison 
herd management methods.  A detailed 
communication plan has been developed that 
identifies key messages and utilizes a variety of 
outreach methods, including print, video, and 
voice material, utilizing social media, and 
meetings with elected officials, state and local 
governments, agency and tribal partners, 
community organizations, stakeholders, and the 
general public. 
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Schedule 
 
Assuming adequate funding, actions under this 
plan will begin with radio-collaring elk in February 
2016, followed by public outreach, private lands 
conflict mitigation and contacts, and enhanced 
forage monitoring in March 2016, and initiating 
supplemental feeding changes in January 2017. 
 
Budget 
 
 
 



 

 1  
 

INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNPGRTE) published a 
Record of Decision (ROD; USFWS and USNPS 
2007a) for a bison and elk management plan.  
The Bison and Elk Management Plan (BEMP; 
USFWS and USNPS 2007b) was developed to 
guide management of the Jackson bison and elk 
herds on NER and GTNPGRTE lands.  It included 
directives for forthcoming development of 
adaptive management practices to address 
several objectives in the plan, including a desired 
future condition of elk and bison relying 
predominantly on native forage.  This Bison and 
Elk Management StepdownAdaptive 
Management Plan has been developed expressly 
for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies approximately 
8,000 km2 in the upper Snake River watershed 
north of the town of Jackson (Fig. 1).  Much of the 
herd is migratory, moving between distinct 
wintering and summer ranges.  Primary wintering 
areas include the Buffalo Valley, lower elevations 
of the Gros Ventre River drainage, the National 
Elk Refuge (NER), and areas adjacent to the NER 
on Bridger-Teton National Forest (BTNF) lands.  
Summering areas occur throughout the herd’s 
range and for convenience are divided into 
fiveour geographic regions that include Grand 
Teton National Park (GTNPGRTE), Yellowstone 
National Park (YNP), the Gros Ventre drainage, 
and Teton Wilderness, and Southwest Boundry 
area, which includes private and public lands in 
the vicinity of GRTE’s southwest boundary.   

 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 
“tusk hunters” and large-scale commercial 
hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (NER and 
GRTE, unpublished data citations). Over time, 
changes in land use and development in these 
areas, over hunting, and establishment of 
feedgrounds probably reduced the use of these 
areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 



 

 2  
 

range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
and federal officials in Jackson Hole, to begin 
feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 
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reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage (the latter is not within the 
Jackson elk herd’s range). 

 
Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated nearboth above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
 
An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 
Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 
tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 
Preserve, Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 

bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 
to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNPGRTE in 1950 had enveloped 
the Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNPGRTE until 1975, 
when it followed the winter environmental 
gradient to the NER and began wintering there. 
The use of standing forage by bison on the NER 
was viewed as natural behavior thus acceptable 
to managers. In 1980, however, bison discovered 
and utilized supplemental feed provided for elk, 
and they have continued to do so every winter 
since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and a variety of feeding 
strategies are employed to help reduce 
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within 
GTNPGRTE and adjacent lands on the BTNF (Fig. 
1). 
 
While there have been many benefits associated 
with wintering large numbers of elk and bison on 

 
Figure 2.  Winter counts, population estimates, and 
herd objective for the Jackson elk herd, 2000-2015.  
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the NER, high animal concentrations have created 
an unnatural situation that has contributed to an 
increased risk for potentially major outbreaks of 
exotic diseases, damage to and loss of habitat 
due to browsing of willow, cottonwood, and 
aspen stands, thereby reducing other wildlife 
associated with woody vegetation, unusually low 
winter mortality, which affects predators and 
other species and requires intensive hunting 
programs, and a high level of brucellosis in elk 
and bison herds. 
 
Planning History 
 
Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 19583 [verify date].  
The group consists of biologists and agency 

administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
3).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt outside GRTE, administered by WGFD.  
This plan was halted after litigation in which the 
plan’s violation of NEPA was successfully argued 
by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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assessment for the Jackson bison herd was 
released (Fig 3).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 
bison and elk management focused on four broad 
goals related to: 1) habitat conservation; 2) 
sustainable populations; 3) numbers of elk and 
bison; and 4) disease management.  The primary 
management scenarios presented in the 
alternatives included the status quo, terminating 
elk and bison hunting on the NER and the elk 
reduction program in GTNPGRTE, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNPGRTE, 
continue hunting bison and elk on the NER, 
continue the elk reduction program in 
GTNPGRTE, when necessary, in concert with the 
parks enabling legislation (citation), allow the 
WGFD to continue to vaccinate elk and bison for 
brucellosis using existing vaccines until more 
effective vaccines become availablecontinue to 
vaccinate elk for and effective vaccine becomes 
available, and develop a dynamic framework and 
adaptive management plan for decreasing the 
need for supplemental feeding on the NER. This 
Bison and Elk Management Stepdown Plan was 
developed to address the latter and specifically 
addresses the criteria for a structured 

framework listed on page 5 of the Record of 
Decision (Fig. 4).  It does not address other on-
going bison and elk management actions already 
prescribed by the BEMP. 
 
The BEMP scheduled the completion of thean 
Adaptive Management Management Stepdown  
Plan for 2008.  However, litigation challenging the 
BEMP in 2008 led to the decision to postpone its 
development until litigation was resolved.  As of 
March 2015, two court rulings have upheld the 
2007 BEMP and ROD. In a lawsuit against the  
BEMP and its author agencies (Defenders of 
Wildlife et al. v. the U.S. Department of Interior 
and State of Wyoming 2010), plaintiffs argued 
that the BEMP violated the National Wildlife 
Refuge System Improvement Act (National 
Wildlife Refuge System Improvement Act 1997) 
by disrupting the biological integrity of the 
Refuge, and that the plan and the accompanying 
EIS violated NEPA because they were 
insufficiently detailed to allow a reasonably 
complete discussion of mitigation. The crux of the 
plaintiff’s argument was that the plan did not set 
a specific date for the cessation of supplemental 
feeding. In response, the agencies argued that 
the plan constituted a valid exercise of discretion 
and that it and the EIS were sufficiently detailed 
to satisfy the requirements of NEPA.  In March 
2010 the United States 4th District Court sided in 
favor of the agencies in this case.  In 2011 the 
plaintiffs appealed this ruling to the United States 
4th Circuit Court.  The Circuit Court affirmed the 
District Court ruling (Defenders of Wildlife et al. v. 
the U.S. Department of Interior and State of 
Wyoming 2011).   
 
National Environmental Protection Act 
Compliance 
 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management stepdown 
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plan is does not duplicate or add to this process.  
It is designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   

Adaptive Management Stepdown Planning 
 
The use of Aadaptive management plans hasve 
gained popularity in natural resource 
management planning because, by definition, 
they allow modifications of strategy based on 

monitoring results and outcomes toward 
reaching specific goals or objectives. TheFour 
elements generally included in an re are four 
essential elements to an adaptive management 
approach include: 1) well defined and mutually 
agreed upon objectives, 2) knowledge (including 
descriptive models) of the dynamics of the 
system being managed, 3) clearly articulated 
management actions and strategies, and 4) a 
monitoring program to evaluate responses of the 
system to management actions (Walters 1986).  
 
 This step-down plan utilizes adaptive 
management planning principles but is not 
intended to includemeet all of the adaptive 
management planning elements outlined in the 

 

Figure 4.  Adaptive mManagement stepdown planning for supplemental feeding on the National Elk 
Refuge and its relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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Department of Interior Adaptive Management 
Technical Guide (2007).  This Step-Down Plan is 
more accurately described as a “structured 
framework” of adaptive management actions 
that progressively transitions from supplemental 

winter feeding to greater reliance on free-
standing forage (BEMP ROD p.5).     
 
 

 
OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNPGRTE staffs to work with others 
(agencies, partners, etc) to “adaptively manage 
elk and bison in a manner that contributes to the 
State’s herd objectives yet allows for the biotic 
integrity and environmental health of the 
resources to be sustained,” so that the public can 
enjoy a variety of compatible wildlife-dependent 
recreational opportunities.  Under the BEMP’s 4 
primary goals, 20 associated objectives were 
identifiedaddressed (Table 1).  This adaptive 
management stepdown plan addresses four 
objectives under the goal of sustainable 
populations (Fig. 5). 
 
The reduction of animals on feed at the NER was 
proposed to be spread over two phases.  In Phase 
1 of the second objective, the aim is to reduce 
the average number of elk on feed to 5,000 
(while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP recommended and WGFD- 

adopted objective of 500. In Phase 2, the overall 
objective is to reduce the reliance of bison and 
elk on supplemental feed (USFWS and USNPS 
2007a).  Desired conditions include animals 
relying predominantly on native habitat and 
cultivated forage. Important consideration 
criteria for implementing Phase 2 will include: 1) 
the level of forage production and availability on 
the National Elk Refuge and adjacent winter 
ranges, 2) maintenance of desired herd sizes and 
age/sex ratios, 3) the ability to effectively 
mitigate bison and elk livestock conflicts, such as 
co-mingling on on private lands during high risk 
disease transmission periods, 4) maintaining 
desirable winter distribution patterns of elk and 
bison, 5) the prevalence of brucellosis, chronic 
wasting disease, and other wildlife diseases, and 
6) public support.   In short, the overall objective 
of this plan is to outline a frameworkprovide a 
path for progressively transitioning from winter 
feeding of elk and bison on the NER to greater 
reliance on free-standing forage, while 
maintaining population and herd ratio objectives. 
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This Plan focuses on management actions to 
initially achieve Phase 1 objectives. However, if 
successful, these actions will continue to be used 

to achieve the Phase 2 objective of reducing 
reliance on supplemental feeding while 
considering the six criteria listed above.      

 

Table 1.  2007 Bison/Elk Management Plan 
Goals and Objectives (Adaptive Management 
Stepdown Plan objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and 

cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives (BEMP pages 135-136): 

• Develop structured frameworkadaptive 
management plan for reducing NER 
supplemental feeding. 

• Phase reduction of animals on feed: 1) 
to 5,000 elk and 500 bison, and 2) elk 
and bison rely predominantly on native 
habitat. 

• Maintain natural bull-to-cow ratios in 
park summer herd. 

• Ensure a genetically viable bison herd 
with close to an even sex ratio. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 
11,000. 

• Maintain a genetically viable bison 
population of about 500 animals. 

Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk 
from elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

• Educate hunters about wildlife disease 
human health hazards. 
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MANAGEMENT ACTIONS AND STRATEGIES 
 
Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 

there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The 
management stepdown approach will necessarily 
be one of investigation, constant evaluation, 
modifications to approach when indicated, and 
repeated trials (Fig 4).  As such the approach will 
also be experimental, guided by rigorous analysis 
and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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GTNPGRTE, and on non-federal lands in 
collaboration with land owners and WGFD. 
Primary management practices that can be 
altered to achieve reduced reliance of bison and 
elk on supplemental feed fall into the  3 broad 
categories of 1) timing and intensity of winter 
feeding, 2) timing and intensity of hunting, and 3) 
herd segment specific and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort and, some 
of which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,200 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 
to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000, but because the proportion of the 
Jackson Elk Herd that winters on NER has 
increased dramatically (Fig. 6), this will make 
achieving the Phase I objective of 5,000 elk on 
feed and any future elk population reductions 
more difficult.   Preliminary modeling suggests 
that the increasing proportion of the Jackson Elk 
Herd wintering on NER has been associated with 
1) changes in elk winter distribution associated 
with wolves (NER, unpublished data) and 2) high 
numbers of elk that summer immediately 
adjacent to NER (Cole and Foley et al. 2015).   

 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013. In recent years irrigation of approximately 
3,600 acres has increased refuge-wide forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone, and by 15% in the southern 
portion of NER which receives the greatest use by 
elk and bison. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes maywill have implications for 
elk and bison management. 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNPGRTE, harvest of elk during 
the Elk Reduction Program takes place, when 
necessary, in collaboration with WGFD, and 
restoration of previously cultivated and irrigated 
sagebrush-grasslands is ongoing.  Fundamental 
components of each of these will be briefly 
described below to provide a basis for 
comparison to adaptive management stepdown 
strategies that will follow.  
 
 Chronic Wasting Disease 
Supplemental feeding has occurred in all but 9 
winters on NER since 1912, and although this 
strategy minimizes winter elk mortality from 
starvation and contributes to Wyoming state elk 
herd objectives, elk occur at numbers and 
densities well in excess of carrying capacity 
(Smith et al. 2004, Lubow and Smith 2004).  
Considerable evidence suggests that Chronic 
Wasting Disease (CWD) transmission and 
prevalence are density dependent (Peters et al. 
2000, Williams et al. 2002).  Monello et al. (2014) 
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found that elk densities of 15-110 per square km 
in Rocky Mountain National Park were associated 
with 13% CWD prevalence, and they predicted 
elk population declines when CWD prevalence 
exceeded 13%. NER elk densities commonly 
exceed 160 per square km (NER unpublished 
data), which suggests that the introduction of 
CWD to NER elk would have significant negative 
population effects over time. 
 
Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs/ac. Historic radio 

telemetry data and observations of elk 
movements indicate that when available forage 
delclines below 300 lbs/ac., some elk leave NER 
for surrounding private lands. Therefore, the 
purpose of this feeding trigger is to keep elk on 
the NER and prevent them from searching off-
refuge for forage which increases the potential of 
comingling.  This trigger is not a warning that a 
significant nutritional deficit threshold has been 
reached.  Available winter forage for elk and 
bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 
lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin, Fish 
Creek) occurs annually to help minimize 
movement of elk between these areas. This 
coordination will continue regardless of the 
management strategy employed. The relationship 
of recent elk numbers and objectives for NER and 
WGFD-operated feedgrounds and native range is 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2015, relative to the current objective. 
  OBJECTIVE 2011 2012 2013 2014 2015 mean 
NER 5,000 7,746 7,360 6,285 8,296 8,390 7,615 
Gros Ventre 3,500 2,775 3,265 2,982 2,326 1,162 2,502 
Native Range1 2,500 982 894 1,784 801 913 1,075 
Total 11,000 11,503 11,519 11,051 11,423 10,465 11,192 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 
 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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shown in Table 2. 
 

Bison discovered refuge feeding operations in 
1980, and since that time they have been fed  
each year to help minimize disruption to elk 
feeding operations. Because bison displace elk 
from feedlines, NER staff attempt to feed most 
bison in the northernmost refuge feedground and 
to provide a heavy feed ration, which helps keep 
them in this area. This strategy prevents bison 
from mingling with elk and also prevents bison 
from moving to areas where conflicts with 
humans are more likely. 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56, range 329-457) hunters harvested 161 

(SD = 38, range 126-225) elk per year during the 
NER hunt.  

The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNPGRTE and WGFD officials agreed a 
reduction was not necessary (Figure 8).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNPGRTE harvest accounts for about 25% 
of the JEH overall harvest, thus has been an 
important factor in regulating the population.  
Increased natural regulation, likely a result of 
increases in grizzly bears and wolves over the last 
20 years, has decreased the need for large 
harvests in the park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5, 
range 139-301) bison per year.  This level of 
harvest has been sufficient to arrest the 
exponential growth of the population, reducing 
bison numbers from the peak in 2007 to about 
700 animals in winter 2015 (Fig 3). Tribal bison 
harvest of up to 5 animals for ceremonial 
purposes was authorized in the BEMP.  
Translocation of wild bison to lands outside of 
Teton County is not currently permitted due to 
brucellosis concerns.  
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Bison hunting is not allowed in GTNPGRTE 
because of long standing National Park Service 
policy that prohibits most hunting in national 
parks.  Bison quickly learned to take advantage of 
the parks safety, which has made obtaining 
hunter harvest goals difficult.  Many bison stay in 
the park during the hunting season, with only 
occasional short term movements to the NER, 
until severe winter conditions occur. In response, 
NER and WGFD managers attempt to balance 
extending the hunt as late in January as 
practicable without conflicting with winter 
feeding. The unpredictable nature of winter 
conditions that time of year makes this a risky 
proposition, and can result in the use of 
emergency season extensions or reductions.  
 
Hazing 
NER staff haze elk and bison to conserve winter 
forage, prevent year round use of winter range, 
and in some cases to prevent elk and bison from 
moving to private lands or other areas where 
conflicts with humans are likely.  Hazing using 
ATVs has proven most effective. The strategy is 
typically employed during 3 time periods: 1)In 
May to move elk and bison off NER that are 
lingering on NER winter range; 2) In July when 
some bison typically return to NER; and 3) In the 
period just prior to feeding initiation when elk 

and bison are most likely to leave NER for private 
lands. 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER year around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 
and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease several days to weeks before the 
bison hunting season in an effort to increase 
hunter harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,0500 acreas 
of previously irrigated and cultivated grasslands 
in GTNPGRTE in need of restoration to native 
sagebrush grasslands community.  Objectives of 
ecological restoration include restoring 
abandoned hayfields to native communities to 
improve wildlife forage and habitat, and visitor 
opportunities to enjoy wildlife viewing.  After 2 
years of research and field studies, restoration 
efforts began in 2008.  The restoration process 
involves several steps including: prescribed fire, 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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  Figure 8.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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herbicide applications, cereal grain cover crops, 
and finally native seeding. Substantial progress in 
this endeavor has been made since 2007, 
including:   Currently, 1,184 acres of previously 
cultivated lands are under restoration treatment.  
Of the 1,184 acres undergoing treatment, 657 
acres has been seeded with native grass, shrub, 
and select fob mixes.  One hundred of these acres 
are currently fenced to reduce grazing pressure 
from bison and other ungulates.  The remaining 
527 acres will be seeded once removal of the 
invasive vegetation is successful.  All treatments 
are monitored for native plant establishment and 
invasive plant infestations and treatments will be 
adjusted as necessary.  The park will continue to 
seek funding for additional restoration of the 
remaining areas.    Substantial progress in this 
endeavor has been made since 2007, including: 
[GTNP folks please add short description of 
methodological research and implementation, 
followed by what remains to be accomplished] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 
  
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNPGRTE, and WGDF biologists.  This 
survey occurs one day in early February and 
includes ground counts of animals on feed at the 
NER and aerial counts of outlying bison across 

their winter ranges on the refuge, park, and 
Bridger-Teton National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 
that winter would equal 5,000 elk X 100 days = 
500,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 250,000. 
 
We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 
bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Implementation of the AMPMSP will have 
successfully attained the objective of 
“transitioning from intensive supplemental 
winter feeding to greater reliance on free-
standing forage” when supplemental feeding was 
not used for more than 50% of the years in a 5 
year period. 
 
Initial success of AMPMSP implementation will be 
a consistent decline in the 3-year running average 
of elk and bison fed days from the established 
baseline. While the BEMP did provide specific 
measurement criteria for the definition of 

Commented [S7]: SK’s draft. 

Commented [S8]: SC’s alterative in this paragraph, recognizing 
that the 50% number is the crux and a glaring target. 
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“transitioning from intensive supplemental 

winter feeding to greater reliance on free-
standing forage” we will consider this objective 
met when the 3-year running average of elk and 
bison fed days is <50% of baseline for 5 years in a 
row.   
 
Several management constraints are common to 
the strategies discussed below (Table 3).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements 
in GTNPGRTE.  Similarly, compliance with the 
Wyoming greater sage-grouse core area 
protection executive order (2011-5 and 
supplement 2013-3) could restrict habitat 
manipulations.  NEPA compliance conducted as 
part of the BEMP/EIS constrains what federal 
actions can be taken as a part of this plan.  State 
regulations constrain late (winter) hunt and 
carcass disposal timing to protect against 
brucellosis contamination, since February-April 
represent the period bison and elk are most likely 
to transmit the disease.  Restrictions on hunting 
timing also result from BTNF winter range 
closures, immediately east of the NER and 
elsewhere, December 1 to April 30.  Additional 
details about these and other constraints will be 
included in discussions about specific strategies 
that follow. 
 
Strategies 
 
This section will describes the management 
action this ASMP proposes to implement.  As 
such, it unveils the heart of management changes 
proposednecessary to begin the process of 
transitioning to more greater reliance of bison 
and elk on native forage during winter.  
Fundamentally, the strategies discussed in this 
plan represent an experiment designed to 
achieve Phase I objectives of 5,000 elk and 500 
bison on NER and are a first step towards 
reducing reliance on supplemental feeding while 

Table 3. Summary of potential Adaptive 
Management Plan constraints.  
Policy 
• ESA1 Lynx – limits on habitat impacts 
• Greater Sage Grouse – core area protection 
• 2007 BEMP/EIS (federal actions/lands) 

o No fertility control 
o No test and slaughter 
o Limited tribal harvest 

• Bison/elk hunt end date (Feb. 1st)  
o WGFD, brucelosis safety 

• Carcass disposal (Feb. 15th) 
o WGFD, brucellosis safety 

• Forest Service winter closure  
(Dec. 1st – April 30th) 

• Easement limitation (NER boundary) 
Winter Feeding 
• Only during non-hunting periods 
Harvest 
• State regulations 
Vegetation Restoration/Protection 
• Bison/elk distribution 
• Exotic plant species management 
Private Lands  
• Owner agreements 
Social 
• Hunter density (safety; hunt quality) 
• Elk/bison winter mortality levels 
• Public safety (ungulate/vehicle collisions) 
• Disease  
• Land-use conflicts (agricultural and  

residential) 
Biological 
• Disease (bison/elk/cattle commingling) 
• Sage grouse habitat conflicts 
• Fencing/wildlife conflicts 
• Elk herd distribution 

o summer segment distribution goals 
Funding 
• Easement purchase 
• Plan implementation 
1Endangered Species Act 
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meeting the sustainable population goals 
identified in the ASMP. 
 
Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies to 
achieve phase I objectives are modifications to 
winter feeding and hunting seasons.  To a lesser 
extent, vegetation protection and restoration can 
be important, particularly for improving long-
term ecological balance and enhancing natural 
production of native forage.  Private lands are 
also an integral component as changes in elk and 
bison distribution occur and new challenges 
develop.  The likely consequences of 
implementing these strategies were evaluated in 
the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on NER feed: 1) to 5,000 elk and 500 
bison, and 2) [to an extent where] elk and bison 
rely predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  The first phase objective will be to reduce the 
number of elk on NER feed to approximately 
5,000 and achieve a target population of about 
500 bison.  The second phase objective will be to 
adaptively manage bison and elk populations to 
achieve desired conditions, with animals relying 
predominately on available native habitat (on 
refuge, park, and forest lands) and cultivated 
forage (on the NER).   
 
As previously mentioned, the concept of reducing 
winter feeding after more than 100 years of the 
practice, and the associated behavioral 
conditioning of elk and bison to its presence, 
represents a formidable challenge that must be 
approached cautiously and systematically. The 
strategies discussed below have been developed 
in this context, with appropriate feedback 
mechanisms through rigorous monitoring and 
frequent evaluation.  Inability to meet this 
objective under the strategies presented here 

would trigger a thorough evaluation and 
development of more aggressive strategies. 
 
Chronic Wasting Disease 
The BEMP states that “If [CWD] infection is found, 
strategies from the state’s Chronic Wasting 
Disease Management Plan (WGFD 2006) will be 
implemented to reduce transmission (BEMP 
p.127). 
 
 
In 2014 WGFD began the revision process for the 
Wyoming CWD Management Plan (2006), which 
to date has not been completed.. WGFD has 
cooperated with federal agencies and other 
stakeholders to revise the plan, and NER and 
USFWS Region 6 Wildlife Health Office staff 
participated in several meetings associated with 
this effort.  One goal of the CWD Management 
Plan update is to develop specific management 
responses should CWD be detected on or 
adjacent to State or NER elk feedgrounds.  Early 
detection of CWD in the JEH is essential to ensure 
an effective management response. 
 
When completed, the State of Wyoming’s 
updated Chronic Wasting Disease Management 
Plan will be evaluated to determine if these new 
strategies will be implemented on the NER or if 
other strategies will be used. 
 
 
Since 1997 NER has cooperated with Wyoming 
Game and Fish Department (WGFD) to conduct 
surveillance for CWD in the JEH unit. GRTE has 
also collaborated with WGFD to collect samples 
from the park’s elk reduction program and from 
road-killed cervids.   Although this effort indicates 
that CWD is not currently found in the JEH, 
continued surveillance at sample sizes sufficient 
to detect 1% prevalence with 95% confidence 
annually will be critical to ensure a timely 
management response and limit the long-term 
population effects of the disease (USFWS and 
NPS 2007).  Given that CWD has been detected 
within 40 miles of the JEH in moose, within 70 
miles in deer, and within 175 miles in elk, this 
level of surveillance is warranted.   
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Winter Feeding 
Winter feeding actions that could be modified 
include starting date, ending date, and daily 
ration.  To modify elk and bison behavior in the 
long run, delaying initiation of feeding is likely to 
have the greatest impact by gradually 
conditioning them to expect feed later on 
average, with the desired outcome of building a 
cohort of animals that rely primarily on native 
winter range and are not food conditioned. To 
reduce supplemental feeding overall, ending 
feeding early would also help decrease the 
amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   

 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 4, Fig. 9).   Time of season could 
influence this interval, most likely shortening it as 
the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from December 30 to February 28.  Delaying 
feeding by two weeks in January, for example, is 
likely to have fewer negative effectsbe more 
successful than doing so in February, when food 
stress and tendency for animals to move to 
private lands is greater.  Forage availability could 
also have an influence, particularly if a freeze 
thaw event resulted in an acute and large 
reduction in available forage.  Both time of 
season and forage availability considerations 
would be affected by the numbers of elk and 
bison on the NER.  And finally, the distribution of 
animals, particularly on private, livestock 
producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to experience nutitional deficit and 
winter mortality suffer because of being 
displaced by more dominant animals.  Monitoring 
programs will include measures of calf mortality 

and it will be an influencing parameter in 
feedback mechanisms.  The BEMP anticipated 
that elk mortality could increase from 1-2% 
overall to 1-5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32% based on an average 
feeding season length of 9.3 weeks from 1995-
2015. 
 
The AMSP winter feeding strategy would include 
the establishment of additional key forage index 
sites and on-going measurements at those sites 
throughout the winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 
hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 4).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 
Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNPGRTE summer segment (since 
most park bulls migrate to the NER) would help 
inform levels of take proposed.  Bow hunting in 
areas currently closed to firearms will likely 
increase harvest by eliminating “no-hunt” areas 
which can become sanctuaries for large numbers 
of elk. Shifting the hunt one week later is 
consistent with later migrations and will improve 
harvest effectiveness (Fig. 9). 
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General elk harvest patterns in GTNPGRTE would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has led to significant increases of winter 
elk concentrations on the NER.    
 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
 

Bison hunts on the NER (bison hunting is 
prohibited in GTNPGRTE) would see little initial 
change (Table 4).  Consideration would be given 
to later hunt end dates commensurate with 
delayed feeding, and possible escorted hunting in 
the South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, WGFD  
will adjust harvest quotas in the context of the 
objective, as necessary, to address population 
changes through time.  State quotas will likely be 
reduced and management flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Serious consideration should be given to reducing 
the bison herd population objective in the future.  
This would lower winter forage consumption on 
the NER and help reduce elk and bison winter 
concentrations.    
 
The current bison herd objective is “. . . maintain 
and ensure a genetically viable population of 
approximately 500 animals (five-year average), 
with as close to an even sex ratio as possible to 
maximize maintenance of genetic variation over 
time. . .” (BEMP p. 136).    
 
The Jackson bison herd is not considered part of 
the U.S. Fish and Wildlife Service’s meta-
population approach to bison conservation 
because of its high prevalence of brucellosis.  This 
disease prevents the export of Jackson bison to 
other DOI conservation herds. 
 
The 500 bison population objective was set 
primarily to preserve existing genetic diversity 
assuming extremely limited natural genetic 
transfer with the Yellowstone or other DOI bison 
conservation herds.  Genetic diversity can be 

 

Figure ?9. The percentage of elk that wintered 
on NER counted there on December 1, showing 
progressively later  annual fall/winter arrival of 
elk to the NER during the past several decades 
has been occurring progressively later.  This 
trend may necessitate extending the elk hunting 
season later into the year to achieve harvest 
objectives. 
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maintained for a Jackson bison herd less than 500 
if bison with desirable genetic diversity are 
periodically imported from other DOI bison 
conservation herds.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates in GRTE and 
NER, temporal and spatial harvest patterns, and 
animal-fed-days would be monitored, and the 
resulting information would be used to inform 
ongoing evaluation of adaptive elk and bison 
management harvest programs (Figs. 9 and 10). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
stepdown framework.   
 
Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 
Several strategies would be employed to mitigate 
potential problems (Table 4), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 

purchase private lands easements to prevent co-
mingling. A vital component in implementing 
these mitigation measures is to establish three 
seasonal Wildlife Conflict Technician positions 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the 
AMPMSP (see Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMPMSP mitigation efforts.  
 
Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    
 
Vegetation Restoration/Protection 
 
[NER and GTNPGRTE staff to draft material] 
 
Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
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Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 

 
A private lands Hhunting Ccoordinator Pposition, 
would be established and supervised by the 
WGFD, may be considered as need and 
opportunity arise.  This position would to 
promote and coordinate hunting activity focused 
on Southern Herd Segment harvest in and around 
private lands in the Spring Gulch Area north to 
Moose, WY (Hunt Area 78).    
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Table 4 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

Stepdown Plan 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold 2008-2015 Average: 
3.3% (range 1.1-9.0%) 

<= 10%  

  Elk/bison distribution - visual    
  Elk/bison distribution –  
  collars 

Almost no documented 
use of private lands 
during feeding 
operations 

Unknown, but likely 
higher use of private 
lands than current 
management 

 

  Elk Winter mortality (all age 
classes) 

2008-2015 Average: 
1.2% (range 0.6-1.9%) 

<=3%  

  Elk summer range segment 
  Proportions for NER 
wintering elk 

Approximately 
40% GTNP North of 
Moose 
35% South Snake River 
10%Gros Ventre/Flat 
Creek 
10% Teton Wilderness 
5% Southern 
Yellowstone1 

Unknown, but will be 
monitored based on 
summer distribution of 
radio collared elk 

 

    
Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
Stepdown Plan 

  
Comments 

Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
Stepdown Plan 

  
Comments 

Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   Landscape damage    
   Easement acquisition    
    
Vegetation Restoration/ 
Protection: Elk Refuge 

   

    
Vegetation Restoration/ 
Protection: Grand Teton 
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Figure 910.  [example] Framework for delayed feeding strategy under and adaptive mManagement Stepdown 
Plan. 

 

Figure  110. [example] Framework for harvest strategy and adaptive under mManagement Stepdown Plan. 
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Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMPMSP (Table 5).  Since they were not part of 
the ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management stepdown plan, and thus 
they are not being considered at this time.   

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation and cessation of winter feeding). We 
will use modeling to quantify the effects of our 
management actions on 2 key repsonses of 
interest, elk distribution and winter elk calf 
mortality. 
 
Fig. 112 describes possible factors that affect 
winter elk distribution (the proportion of elk on 
NER feedgrounds versus native winter range). 

Models will be used to identify the relative 
influence of our principal management strategy 
(a reduction in feed season length) and other 
factors on winter elk distribution (Appendix 3).  
Over time this will allow us to assess whether 
changes in elk distribution were the result of our 
management actions or due to factors outside of 
our control.  
 
An increase in calf elk winter mortality is a 
potential result of reduced feed season length.  
Fig. 132 portrays factors that influence winter calf 
elk survival on NER.  
 

Table 5.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due 

to major technical, social, and financial hurdles1. For 
AMPMSP discussed primarily with regard to the difficult 
to harvest herd segment in Hunt Area 78 on private lands, 
where federal agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for 
AMPMSP because current hunting programs appear 
effective at slowly moving the herd toward the 500 
animal herd objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands 
because current hunting programs that utilize sport 
hunters are effective at meeting herd objectives. 

Altering rations of supplemental feed Rejected as a strategy because reducing daily feed ration 
below 8 lbs/elk would be enough feed to encourage elk to 
remain on NER but would result in unacceptably high elk 
calf mortality rates. 
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Models will be used to assess the effects of 
available forage on winter calf elk survival 
(Appendix 4).  Over time this will allow us to 
assess the effects of our principal management 
strategy (reducing feed season length) relative to 

winter elk calf survival. other factors on elk calf 
survival and potentially adjust our management 
actions based on model results. 
  

 
  

 

Figure 112.  Influence diagram depicting factors (including management actions) influencing outcomes 
identified in the Bison and Elk Management Plan (BEMP; USFWS 2007a). Gray hexagons represent outcomes, 
rectangles represent management actions, rounded rectangles represent factors with numerical objectives, 
and ovals represent factors outside of management control. Bolded polygons and arrows represent outcomes 
and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed rectangle) 
is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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MONITORING  
 
Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers; and 3) extending the monitoring 
period later in the winter to assess the 
relationship between available forage and elk and 
bison distribution. 
 
To better represent the total amount of forage 
available on the southern half of NER, a 

subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional random sample sites 
stratified by elk habitat preference will be added.   
Historic elk distribution mapping and elk GPS 
collar data (NER unpublished data) suggest that 
the areas most preferred by elk on southern NER 
are associated with moderate to high forage 
production and green vegetation.  Because the 
distribution of forage production and greenness 
characteristics vary annually based on irrigation 
and precipitation patterns, we will annually map 
areas preferred and not preferred by elk and 
sample sites will be randomly selected within 
each of these mapped categories.   At least 3 
historic key index sites, 3 random sites in areas 
preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 

 

Figure 123. Influence diagram depicting factors (including management actions) influencing bison and elk fed 
days on the National Elk Refuge (see text for description) and winter calf elk survival. Gray hexagons represent 
outcomes, rectangles represent management actions, rounded rectangles represent factors with numerical 
objectives, and ovals represent factors outside of management control. Bolded polygons and arrows represent 
outcomes and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed 
rectangle) is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMPMSP strategy is to delay the 
initiation of supplemental feeding by 2 weeks 
after average forage production reaches the 300 
lbs. per acre level at key index sites.   Therefore 
the monitoring period will be extended to include 
the intervening 2 weeks.   
 
Proportion of Elk Wintering on NER 
 
A principal AMPMSP goal is to reduce the number 
of elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 
each year, we will calculate the proportion of 
total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 

running average post AMPMSP implementation 
to the pre-implementation baseline.  The 
pretreatment baseline will be comprised of data 
from 2008-2016, a time period that represents 
BEMP implementation prior to AMPMSP actions 
(Figure 13).   
 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMPMSP implicitly assume that 
the transmission rate and prevalence of elk and 
bison diseases are density dependent and 
positively correlated with the number of elk and 
bison utilizing feedgrounds and the number of 
days they are fed.  We further assume the 
variables elk-fed-eays (EFD) and bison-fed-days 
(BFD) are a proxy for these conditions. EFD and 
BFD will be calculated annually for each species 
based on the following formulas:  
 
 
 

 

Figure143. Proportion of the Jackson Elk Herd that was 
classified on NER feedgrounds in the period following 
implementation of the Bison and Elk Management Plan 
and prior to the implementation of the Adaptive 
Management Stepdown Plan (2008-2015).  These 
values represent the pretreatment baseline which will 
be compared to the 3 year running average post 
AMPMSP implementation. 
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EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 
 
BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMSP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 

comparing the 3-year running average post AMSP 
implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account for wide annual variation in EFD and BFD 
associated with winter severity (Fig. 154) 
 
Elk Winter Mortality Monitoring 
 
NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMPMSP 
implementation, which will allow trend 
comparisons to the pre AMPMSP baseline (Figure 
15).  Under the AMPMSP framework, we believe 
the 3 year running averages for total and calf 
winter elk mortality will be within the range of 
variation exhibited by the pre AMPMSP baseline.  
Historic monitoring suggests that calf and total 
mortality are sensitive to winter severity and 
disease outbreaks, and that winter mortality 
occasionally exceeds >3% total mortality and 
>10% calf mortality.  Post AMPMSP mortality in 
excess of these levels may warrant shortening the 
2-week feeding initiation delay in subsequent 
years. 
 
Elk Collaring 
 
One of the AMSP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas, potentially including large groups of elk.  
To quantify this effect and provide real time 
information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 

 

 
 
Figure154. Elk Fed Days (EFD) and Bison Fed Days 
(BFD) in the period following implementation of the 
Bison and Elk Management Plan and prior to the 
implementation of the Adaptive Management  
Stepdown Plan (2008-2015).  These values represent 
the pretreatment baseline which will be compared to 
the 3 year running average EFD and BFD post 
AMPMSP implementation. 
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sample of 50 GPS collars on elk that winter on 
NER throughout the AMPMSP implementation 
period.  Forty -five elk represents approximately 
0.5% (1 in 200) of the NER winter elk population.  
This sample size will not be sufficient to detect all 
elk movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMPMSP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMPMSP baseline period.    We hypothesize that 
elk movements from NER to surrounding private 
lands will increase during the AMPMSP 
implementation period compared to the pre-
treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 

is the season when changes to the NER feeding 
program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 
Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 
need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis 
process includes brucellosis seroprevalence, 
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 
Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post 
AMPMSP implementation.  There are no recent 
brucellosis seroprevalence data for elk on the 
National Elk Refuge, but >50 elk will be captured 
during elk collaring operations in winter 2016, 
and each elk will be tested for Brucellosis 
exposure.  The 2016 Brucellosis seroprevalence 
rate will be the pre-treatment baseline to 
evaluate post AMPMSP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 

 

Figure165. Total and calf elk winter mortality (%) on 
NER in the period following implementation of the 
Bison and Elk Management Plan and prior to the 
implementation of the Adaptive Management 
Stepdown Plan (2008-2015).  These values represent 
the pretreatment baseline which will be compared to 
the 3 year running average post AMPMSP 
implementation. 
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introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 
management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 
CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 
technicians working from September-December 

are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 

 

Data Collected for Modeling 

To facilitate modeling, we will collect data on the 
following associated variables (Table 6). The table 
lists variables and how they relate to our efforts 

Table  6.  Variables to be used in models to explain elk winter distribution in the Jackson Elk Herd and 
elk calf mortality on NER.  
VARIABLE SOURCE Elk Winter 

Distribution Model 
Elk Calf Mortality 
Model 

Proportion Jackson Elk 
Herd on NER 
Feedgrounds 

WGFD/NER Jackson Elk Herd 
February Classification Count 

Yes No 

Proportion Jackson Elk 
Herd from South Snake 
River summer segment 

Determined from elk GPS collar 
data for elk captured on NER  

Yes No 

Number of wolf packs 
in the Jackson Elk Herd 
unit 

GTNP and WGFD wolf 
monitoring data 

Yes Yes 

Estimated total wolf 
numbers in Jackson Elk 
Herd unit 

GTNP and WGFD wolf 
monitoring data 

Yes Yes 

Estimated number of 
wolves using NER in 
winter 

NER observations Yes Yes 

Total NER herbaceous 
forage biomass 

NER forage production survey 
data 

Yes Yes 

Snow Water Equivalent NOAA snowtell site data Yes Yes 
NER Winter elk 
Mortality (calf) 

NER winter elk mortality survey No Yes 

Snow Depth NOAA Snowtell sites and NER 
measurements  

Yes Yes 

Available Forage NER and GTNP monitoring in 
winter months 

Yes Yes 

NER Elk and Bison Fed 
Days 

NER feeding records and daily 
feedground estimates of elk and 
bison 

Yes Yes 

NER Feeding Start Date NER feeding records Yes Yes 
Gros Ventre Feeding 
Start date 

WGFD feeding records Yes No 

Elk Hunting Pressure by 
Hunt Area 

Estimated number of hunter 
days from WGFD completion 
reports 

Yes Yes 
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to use modeling to explain changes in elk 
distribution and elk calf mortality relative to our 
principal action of reducing feed season length. 

 

 
EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 
strategies outlined in this plan will be in place for 
a minimum of 5 years, after which an initial 
evaluation of the program will be made.  Actions 
completed each year, the results of monitoring 
programs, and any proposed changes in course 
will be presented in an annual adaptive 
management stepdown plan update/report, 
completed by NER staff by the end of March for 
the previous year.  
 
Consistent with objectives outlined in the BEMP, 
the long-term goal of this plan is reduce the 
reliance of bison and elk on intensive 
supplemental feeding, using adaptive 
management principles through a structured 
framework of management actions, to achieve a 
desired condition of animals relying 
predominately on native habitat on refuge, park, 
and forest lands, and on NER cultivated forage. 
But because there is no precedent for what this 
plan proposes, there are few responses to 
proposed management actions that can be 
predicted to a degree of certainty commensurate 
with establishing definable thresholds or other 
objective criteria for success in the short term.   
 
Factors that will be considered in evaluating the 
success of the program will include the trend of 
EFD and BFD, type and frequency of private lands 
conflicts, the proportion of the Jackson elk herd 
wintering on the NER, presence or absence of 
CWD and other infectious diseases, elk and bison 
population size and distribution, elk calf winter 
mortality, and public support. These are complex, 

dynamic, and interwoven components that, 
together with the management stepdown 
actions, make up the framework for decreasing 
reliance on supplemental feeding.  As such, the 
effects of changing biological, social, and political 
conditions on these components will be part of 
the evaluation process. 
 
In the context of this larger framework, however, 
we believe evaluation of the trend in EFD and 
BFD will be most important after the first 5 years 
of MSP implementation.  The direction and 
magnitude of the trend observed will provide a 
preliminary basis for evaluation and decisions 
about continued management actions. Initial 
success with reduced feeding will be associated 
with a declining trend, with greater magnitudes 
indicating higher degrees of success.  However, 
determinations of overall program success will 
necessarily include evaluation of all system 
components.  For example, gains in reduced 
feeding come could be accompanied by an 
increase in private land conflicts, which would 
affect overall success determinations.  While the 
overriding strategy will be to decrease feeding as 
aggressively as possible while gauging effects on 
other system components, overall measures of 
program success through time will necessarily 
involve a complex matrix of component 
evaluation.   These evaluations will be included in 
annual MSP reports. 
 
As proposed and new management strategies are 
implemented and evaluated under this plan, at 
some point in the future it may become apparent 
that meeting reduced feeding goals will not 
possible without reducing elk and/or bison 
population objectives.  Population objectives for 
both herds are set by Wyoming Game and Fish 
Commission and are evaluated regularly by 
WGFD personnel, including public review through 
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annual season setting meetings.  The BEMP 
supported the State herd objectives of 500 bison 
and 11,000 elk, and thus due to NEPA 
requirements any further consideration of 
reduced herd sizes by the NER or GRTE are 
beyond the scope of this plan.  However, WGFC 
changes to Jackson bison or elk herd objectives 
are not constrained by the BEMP.   
 

Investigating the potential effects of climate 
change on elk and bison management will also be 
important in the long-term.  During 
implementation of this plan, we will collect a 
variety of data that couldan be drawn upon for 
this purpose.   
 
 

 

PUBLIC OUTREACH AND EDUCATION  
The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMPMSP 
implementation.  The practice of feeding elk 

evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMPMSP in order to gain 
general consent to modify longstanding elk/bison 
herd management methods.   
 
A detail communication plan to guide outreach 
and education efforts can be found in Appendix 3. 
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SCHEDULE 

 

 

Table 7.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 

 

 

Table 6.  Adaptive Management Plan proposed schedule. 
Action Date 

GPS Collar 30-40 elk prior to strategy implementation (Iridium platform) February 2016 

Public outreach and education March 2016 

Initiate private lands conflicts mitigation contacts/actions March 1, 2016 

Implement enhanced forage monitoring  March 1, 2016 

Initiate changes in supplemental feeding protocol January 2017 

Monitoring/Evaluation/Annual Report June 2017 
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BUDGET 

Table 8. [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Seasonal Biological Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 
     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment distribution1      
     Expanded standing forage estimates1      
     Chronic Wasting Disease, 2 seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 
     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; Iridium Platform $115,000 $25,000 $25,000 $25,000 $25,000 
Bison barrier at NER south entrance $80,000 $1,000 $1,000 $1,000 $1,000 
Adaptive Management Plan annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 
Private lands:      
     Easements / Acquisition      
     Damage reimbursements (Wyoming)      
     Conflict mitigation coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 
Vegetation restoration/protection1      
Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 

Subtotal      
Grand Teton National Park:      
Monitoring:      
     Summer elk classification/distribution 10,000 11,000 12,000 13,000 14,000 
     Collaborative elk monitoring (GRTE portion)      
     Hunter harvest      
     Harvest age distribution      
     Transition range forage production/utilization      
Vegetation Restoration/Protection      
    Monitoring 16,0000 16,000 18,000 20,000 20,000 
     Temporary bison fencing 24,000   40,000  
     Temporary fence maintenance 6,000 8,000 8,000 6,000 10,000 
     Hayfields restoration 84,000 70,000 70,000 90,000 90,000 
     Exotic plant mitigation 50,000 52,000 46,000 60,000 66,000 
     Seed propagation    94,000 66,000 
Elk Reduction Program      

Subtotal      
Wyoming Game and Fish Department:2      
Private lands:       
     elk harvest coordination      
     Easements / Acquisition      
     Damage reimbursements      
     Conflict mitigation coordination      

Add additional lines and categories as needed 
Subtotal      

Grand Total      
1 See detail in Appendix      
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APPENDIX 1.  Summary of primary potential impacts associated with reduced supplemental feeding, 
as identified in alternative 4 environmental consequences section of the Final Bison and Elk 
Management Plan/Environmental Impact Statement (USFWS and USNPS 2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing 

supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter 

forage production, assessments of forage utilization (done jointly by WGFD and NER personnel), 
elk condition and movements, and potentially on the January 1 index of winter severity 
calculations for elk (Farnes, Heydon, and Hansen 1999). 

• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition 

(negligible adverse effect on NER elk from lower nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the 

bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would 

increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider 
distribution. 

• Elk use of lands surrounding the NER would increase, including: 
o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNPGRTE 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and 
Gros Ventre segments. 

• As ungulate numbers decreased and supplemental feeding was reduced, competition and 
aggressive social interactions on the refuge would also be reduced. 

• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability 
would have a greater influence on numbers, movements, distribution, and mortality. 

• More elk would be subject to natural factors affecting mortality, including loss of body 
condition, predation, and starvation. 

• Increased mortality on and off the refuge would mainly affect older elk and calves, and some 
prime bulls entering the winter energetically stressed due to rut activities. 
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• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 

1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due 
to tuberculosis, septicemic pasturelosis, and CWD. 

• The health and sustainability of the Jackson elk herd would be increased gradually as 
supplemental feeding was reduced and there was greater reliance on standing forage and wider 
ungulate distribution. 

• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and 

potential transmission of brucellosis, as well as potential for spread of diseases not yet in the 
population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, 
to coordinate actions that would prevent conflicts due to elk dispersal and to defray costs of 
managing potential conflicts. Preventing access to food/hay rewards on private lands would be 
vital for effective management. 

• Private land conservation easements within NER boundaries would promote wider distribution.  
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APPENDIX 2.  Monitoring Supplemental Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured at every 5 steps along the random bearing 
determined for each site.  At each subplot a 13.27” diameter metal sampling ring will be placed on the 
ground. The amount of forage available to elk within the sampling ring (dry weight in grams) will be 
visually estimated.  The 13.27” diameter subplot allows easy conversion from grams to lbs. per acre 
(each gram is equivalent to 100 lbs. per acre). During annual forage production sampling, refuge 
biologist Eric Cole has made approximately 1,000 of these visual estimates per year for 17 years, and 
33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will be the 
principal estimator, but additional personnel will be trained in these techniques to provide redundancy 
in the event of personnel changes, and to increase the number of observers to facilitate estimation of 
error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward when 
snow cover is limited, but estimating how much of the forage is accessible to elk when snow is dense, 
deep and crusted can be subjective.  To decrease the subjectivity of the estimation process, if the area 
under the sample ring is covered with snow, only forage that can be exposed with a gloved hand will be 
included in the estimate of available forage.  Forage that is fouled with manure and/or flush with the 
ground due to trampling and/or encrusted in ice will not be included in the estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an equivalent 
lbs./acre value (1 gram=100 lbs./acre).   The arithmetic mean of available forage (lbs./acre) for the 10 
subplots provides an estimate of available forage for each index site.  There are 3 sample site categories: 
1) Historic  Key Index Sites that have been used since 2007, 2) New randomly selected sites within areas 
preferred by elk, and 3) New randomly selected sites in areas not preferred by elk.  Historic key index 
sites were not randomly selected, but were instead selected to represent areas most preferred by elk on 
the south end of NER.  These were the sites used to determine when supplemental feeding would be 
initiated from 2007 until the implementation of the AMPMSP.  To facilitate comparison with pre-
AMPMSP data, we will continue to use mean lbs. per acre across historic key index sites to determine 
the 300 lbs. per acre threshold.  However, post AMPMSP implementation we will delay feeding initiation 
by 2 weeks once the 300 lbs./acre level has been reached.  We will concurrently sample at randomly 
selected sites stratified on an annual basis between areas highly preferred and not highly preferred by 
elk.  This will enable us to quantify the relationship between mean forage availability at historic key 
index sites and random sites over time. 
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APPENDIX 3.  Communication Plan 
 
Communication Goals 
 
Prior to the Adaptive Management Stepdown Plan’s Implementation 
 
• Utilize a variety of outreach methods to inform the public on the goals and timing of the Adaptive 

Management Stepdown Plan  implementation and possible effects on wintering herds. 
• Utilize a variety of outreach methods to inform the public on public comment opportunities. 
• Identify and coordinate key messages and outreach with USFWS regional and national offices, State and 

federal agency partners, non-profits, elected officials, and other identified audiences. 
 
During the Adaptive Management Stepdown Plan’s Implementation 
 
• Continue to utilize a variety of outreach methods to describe current management actions as well as 

measurable and noticeable changes on the landscape, in animal behavior, or in animal health. 
• Provide a comprehensive overview of the Adaptive Management Stepdown Plan by providing links and 

references to previous outreach and background information. 
 
Communication Objectives 
 
• Work with current media contacts to promote news of the Adaptive Management Stepdown Plan via 

print, radio, Web, and social media platforms. 
• Utilize new media and social media tools to provide information on why the Adaptive Management 

Stepdown Plan was developed, what public comment opportunities exist, and how the plan is being 
implemented. 

• Plan, coordinate, and execute public meetings to allow for public comment and questions on the plan. 
• Develop and provide methods for the public to submit written comments on the Adaptive 

Management Stepdown Plan. 
• Monitor print media on Refuge elk and bison management to see how Adaptive Management 

Stepdown Plan objectives and reactions are being portrayed to the public. 
 
Current Outreach Resources 
 
• National Elk Refuge web site 
• National Elk Refuge news release list 
• (approximately  300 contacts) 
• National Elk Refuge Twitter site (1,039 followers) 
• Bison and Elk Management Plan web site (http://www.fws.gov/bisonandelkplan/) 
• Space for an 11” x 17” poster in the Visitor Center on Refuge management topics 
• Display panels in the Visitor Center theater for temporary displays 
 
Available Supporting Outreach Resources 
 
• USFWS Mountain–Prairie External Affairs staff 
• USFWS Mountain–Prairie web site, including the 
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• “Top Stories” feature 
• USFWS Mountain–Prairie Twitter site USFWS Mountain-Prairie Region Facebook page 
• USFWS National Wildlife Refuge System 
• Facebook page 
• USFWS Facebook page 
 
Previous Outreach Efforts 
 
• NER routinely writes and disseminates news releases on Refuge management activities, including the 

Comprehensive Conservation Plan, supplemental feeding, herd health monitoring, and forage 
production.  

• Post the above news stories as Content. 
• Management System (CMS) articles. 
• Post CMS news story promos so they prominently appear on the home page, linking readers to the 

articles. 
• Send out Twitter messages linking viewers back to the news stories. 
• Prepare, upload and provide links to Adobe PDF versions of news stories with addtional photos where 

additonal images are available and/or help understand or visualize the content. 
• Utilized the Conservation link on the web Content 
• Management System to post information about 

the Bison and Elk Management Plan and the draft Comprehensive Conservation Plan. 
• Retained and provided a link to the original Bison and Elk Management web page (http://www.fws. 

gov/bisonandelkplan/) that was developed during the planning process. The web site includes links to 
the Final Plan/EIS, Record of Decision, Federal Register Notice of Availability for both the Record of 
Decision and Final Plan/EIS, associated news releases, public meeting highlights, and other related 
documents. Note: the National Elk Refuge does not manage the site. 

 
Additional Outreach Opportunities 

 
• Public meetings in Jackson and other identified locations. 
• Service produced video; video could be posted to the National Elk Refuge’s multimedia web page, or 

USFWS Mountain–Prairie home page “Top Video” feature. 
• Live radio interview on KHOL (Jackson, WY radio) 
• Wyoming Public Radio interview with Refuge management staff 
• Interviews with local print media sources 
• Updates at community leader meetings such as Rotary Club, Jackson Hole Chamber of Commerce board 

meetings, and interagency breakfast meetings (with Federal agencies and local elected officials). 
 
Target Audiences 
 
Internal 
• Regional and National USFWS Leadership 
• Refuge permanent staff 
• Refuge seasonal staff 
• Refuge volunteers 
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External 
• Congressional representatives 
• State of Wyoming leadership 
• Federal agency partners, particulary Grand Teton National Park and the Bridger–Teton National Forest 
• Wyoming Game & Fish Department 
• Other NER partners, including county and town agencies and local nonprofit organizations 
• Local elected officials 
• Private landowners in proximity to the National 
• Elk Refuge or neighboring Federal lands 
• Tribes 
• Local and state media 
• Local public 
 
Key Outreach Topics 
 
• Overview of BEMP objectives 
• Strategy to change elk/bison behavior 
• Threat of disease 
• Natural mortality rates 
• Anticipated winter distribution changes for bison/elk 
• Mitigate negative effects on private lands 
• Change elk behavior and distribution while avoiding increased mortality. 
• Explain the historic reasons a supplemental feeding program began and why it was continued.   
• Explain the NER’s limited large ungulate carrying capacity and the disproportionate impact of bison 

on available forage; 3 elk = 1 bison. 
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APPENDIX 4.  Models 

Elk winter distribution model 
 
The proportion of the JEH that winter on the NER will be linked to factors hypothesized to influence elk 
winter distribution (Fig. 2) using a generalized linear mixed effects model (GLMM). A GLMM can account 
for a proportional response variable (i.e., constrained to the interval 0–1) using a log link and binomially-
distributed errors. A GLMM also includes fixed and random effects, with the latter capturing residual 
model variance otherwise not explained by fixed effects. Year will be including as a random effect, 
providing several benefits. First, we don’t assume years are independent and comprise all of the factor 
levels of interest. Instead, the effect of year is treated as a random variable, with individual year effects 
realizations of that distribution. This allows inference to non-sampled factor levels, i.e. years, by 
estimating a latent population-level proportion of elk expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect can be considered a latent variable describing elk 
behavior manifested as observed winter distribution. Second, because year effects are not treated as 
independent, estimated effects of year on the proportion of JEH elk wintering on the NER are 
dependent on all factor levels, leading to greater precision when estimating individual year effects (Kéry 
2010).  
 
The full GLMM incorporating fixed effects for each factor identified as influencing elk winter distribution 
(Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 + 
𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝑆𝑆𝑡𝑡 + 𝜀𝜀𝑡𝑡 

 
where the random intercept and residual model variance are 
 
𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0

2 ), and 
 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
 
Fixed effects include 1) per capita available forage at initiation of winter feeding (AFI) , 2) proportion of 
the JEH that are short-distance migrants (SDM), 3) number of wolf packs present on JEH native winter 
range (WP), 4) growing season (May–August) precipitation for the Wyoming Snake Drainage climate 
division (GSP; a proxy for available forage on native winter range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. (2003) has as an output weekly available forage biomass 
for the NER (sum of predictions for 30 × 30 m cells). These predictions account for snow conditions using 
a proxy of SWE and decrement total available biomass by 35% to account for unpalatable plants within 
the total estimate.  
 
While calf survival is a function of multiple factors (Fig. 3), the primary management action influencing 
calf survival is supplemental winter feeding. Current winter feeding initiation criteria lead to calf survival 
generally higher than in unfed populations. Proposed feeding initiation criteria will result in later 
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initiation of supplemental feed, which will be most influential to calf survival. There is currently little 
understanding regarding the relationship between initiation of winter feeding and calf survival, except 
that current feeding initiation criteria result in high calf survival. We believe a threshold level of 
available forage at initiation of winter feeding exists such that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized to decline quickly with reductions in available forage 
at winter feeding initiation. Available forage at the initiation of winter feeding will be related to on elk 
calf winter survival using a saturating function (i.e., Holling type-II functional response; Fig. 6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf survival is related to available forage. Maximum calf survival 
is a, and b represents the value of available forage to an individual when survival is 50% of a (Hilborn 
and Mangel 1997).  
 
Although this approach doesn’t capture forage deficits per se, it does provide a potentially sensitive 
proxy for this concept. It is assumed that a forage deficit for calves would occur at a point on the curve 
of the relationship between calf survival and available forage at initiation of supplemental feeding. 
Modeling the response of winter calf elk survival to changes in feeding initiation criteria facilitates our 
ability to maximize the influence of feeding initiation criteria on winter distribution while minimizing the 
likelihood of a large mortality event.   
 

 
 Hypothesized relationship between winter survival of elk calves and per capita available forage at initiation of 
winter feeding on the National Elk Refuge.  
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EXECUTIVE SUMMARY [incomplete] 

 

Overview 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands, focused on four broad goals related to: 1) 
habitat conservation; 2) sustainable populations; 
3) numbers of elk and bison; and 4) disease 
management.  The final plan directed the NER 
and GTNP (in conjunction with the Wyoming 
Game and Fish Department; WGFD) to maintain 
the state’s elk herd objective of 11,000, establish 
a bison population objective of 500, restore 
habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program, when necessary in GTNP,  
continue to vaccinate elk for and effective 
vaccine becomes available, and develop a 
dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework referenced in 
the Record of Decision. 
 
Background 
Winter feeding of elk in Jackson was originally 
initiated to reduce winter mortality of elk and 
minimize depredation of ranchers’ hay.   The loss 
of available winter range in Jackson Hole due to 
new ranching operations and a growing town 
resulted in significant numbers of elk dying during 
several severe winters in the late 1800s and early 
1900s. This prompted local citizens and 
organizations, as well as state and federal officials 
in Jackson Hole, to begin feeding elk in the winter 
of 1910–11. Congress heeded the appeals for 
assistance and on August 10, 1912, established 
the National Elk Refuge. Today, the need for the 
refuge’s winter elk feeding program is a direct 

result of reduced access to significant parts of elk 
native winter range, loss of historic migration 
patterns, behavioral conditioning of elk to winter 
feeding, and the desire to maintain a population 
objective established in the context of 
supplemental feeding. 
 
Bison were extirpated outside Yellowstone 
National Park (YNP) by the mid-1880s but in 1948 
were reintroduced to Jackson Hole when 20 bison 
from (YNP) were released near Moran, Wyoming.  
The herd remained small until discovering elk 
feedlines in 1980, when the population began 
sustained population growth.  Bison and elk that 
winter on the NER are migratory and occupy 
summer ranges predominantly to the north. 
 
Objectives 
This adaptive management plan addresses 
several objectives under a broader BEMP goal of 
sustainable populations, which directed the 
agencies to: 1) Develop an adaptive management 
plan for reducing NER supplemental feeding; 2) 
[implement a] phased reduction of animals on 
feed: a) to 5,000 elk and 500 bison, and b) [to a 
point where] elk and bison rely predominantly on 
native habitat; 3) maintain natural elk bull-to-cow 
ratios in park summer herd; and 4) Enhance 
public outreach/education.  The BEMP further 
stated that consideration criteria for 
implementing the 2nd phase of reduced feeding 
will include: 1) the level of forage production and 
availability on the National Elk Refuge and 
adjacent winter ranges, 2) maintenance of 
desired herd sizes and age/sex ratios, 3) the 
ability to effectively mitigate bison and elk 
livestock conflicts, such as co-mingling on  private 
lands during high risk disease transmission 
periods, 4) maintaining desirable winter 
distribution patterns of elk and bison, 5) the 
prevalence of brucellosis, chronic wasting 
disease, and other wildlife diseases, and 6) public 
support.   In short, the overall objective of this 
plan is to provide a path for progressively 
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transitioning from winter feeding of elk and 
bison on the NER to greater reliance on free-
standing forage, while maintaining population 
and herd ratio objectives.  
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNP) published a Record of 
Decision (ROD; USFWS and USNPS 2007a) for a 
bison and elk management plan.  The Bison and 
Elk Management Plan (BEMP; USFWS and USNPS 
2007b) was developed to guide management of 
the Jackson bison and elk herds on NER and GTNP 
lands.  It included directives for forthcoming 
development of adaptive management practices 
to address several objectives in the plan, 
including a desired future condition of elk and 
bison relying predominantly on native forage.  
This Bison and Elk Adaptive Management Plan 
has been developed expressly for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies approximately 
8,000 km2 in the upper Snake River watershed 
north of the town of Jackson (Fig. 1).  Much of the 
herd is migratory, moving between distinct 
wintering and summer ranges.  Primary wintering 
areas include the Buffalo Valley, lower elevations 
of the Gros Ventre River drainage, the National 
Elk Refuge (NER), and areas adjacent to the NER 
on Bridger-Teton National Forest (BTNF) lands.  
Summering areas occur throughout the herd’s 
range and for convenience are divided into four 
geographic regions that include Grand Teton 
National Park (GTNP), Yellowstone National Park 
(YNP), the Gros Ventre drainage, and Teton 
Wilderness.   
 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 

“tusk hunters” and large-scale commercial 
hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (NER, 
unpublished data)citations). Over time, changes 
in land use and development in these areas, over 
hunting, and establishment of feedgrounds 
probably reduced the use of these areas by 
Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
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local citizens and organizations, as well as state 
and federal officials in Jackson Hole, to begin 
feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 

of lands and maintenance of a “winter game (elk) 
reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage. 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 
behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated both above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
 
An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 
Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 
tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 

New York Zoological Society, the Jackson Hole 
Preserve, Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 
bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 
to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNP in 1950 had enveloped the 
Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNP until 1975, when it 
followed the winter environmental gradient to 
the NER and began wintering there. The use of 
standing forage by bison on the NER was viewed 
as natural behavior thus acceptable to managers. 
In 1980, however, bison discovered and utilized 
supplemental feed provided for elk, and they 
have continued to do so every winter since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and a variety of feeding 
strategies are employed to help reduce  
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within GTNP 
and adjacent lands on the BTNF (Fig. 1). 
 
Planning History 

 
 
Figure 2.  Winter counts and population estimates for 
the Jackson elk herd, 1995-2015.  
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Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 19531958 [verify date].  
The group consists of biologists and agency 
administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
3).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 

sport hunt administered by WGFD.  This plan was 
halted after litigation in which the plan’s violation 
of NEPA was successfully argued by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 
assessment for the Jackson bison herd was 
released (Fig 3).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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USFWS 2007) considered six alternatives for 
bison and elk management focused on four broad 
goals related to: 1) habitat conservation; 2) 
sustainable populations; 3) numbers of elk and 
bison; and 4) disease management.  The primary 
management scenarios presented in the 
alternatives included the status quo, terminating 
elk and bison hunting on the NER and the elk 
reduction program in GTNP, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNP, continue 
hunting bison and elk on the NER, continue the 
elk reduction program in GTNP, when necessary, 
in concert with the parks enabling legislation 
(citation), continue to vaccinate elk for and 
effective vaccine becomes available, and develop 
a dynamic framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework listed on 
page 5 of the Record of Decision (Fig. 4).  It does 
not address other on-going bison and elk 
management actions already prescribed by the 
BEMP. 
 
The BEMP scheduled the completion of an 
Adaptive Management Plan for 2008.  However, 
litigation challenging the BEMP in 2008 led to the 
decision to postpone its development until 
litigation was resolved.  As of March 2015, two 
court rulings have upheld the 2007 BEMP and 
ROD. In a lawsuit against the  BEMP and its 
author agencies (Defenders of Wildlife et al. v. 

the U.S. Department of Interior and State of 
Wyoming 2010), plaintiffs argued that the BEMP 
violated the National Wildlife Refuge System 
Improvement Act (National Wildlife Refuge 
System Improvement Act 1997) by disrupting the 
biological integrity of the Refuge, and that the 
plan and the accompanying EIS violated NEPA 
because they were insufficiently detailed to allow 
a reasonably complete discussion of mitigation. 
The crux of the plaintiff’s argument was that the 
plan did not set a specific date for the cessation 
of supplemental feeding. In response, the 
agencies argued that the plan constituted a valid 
exercise of discretion and that it and the EIS were 
sufficiently detailed to satisfy the requirements of 
NEPA.  In March 2010 the United States 4th 
District Court sided in favor of the agencies in this 
case.  In 2011 the plaintiffs appealed this ruling to 
the United States 4th Circuit Court.  The Circuit 
Court affirmed the District Court ruling 
(Defenders of Wildlife et al. v. the U.S. 
Department of Interior and State of Wyoming 
2011).   
 
National Environmental Protection Act 
Compliance 
 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management plan is does 
not duplicate or add to this process.  It is 
designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   
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Adaptive Management Planning 
 
Adaptive management plans have gained 
popularity in natural resource management 
planning because, by definition, they allow 
modifications of strategy based on monitoring 
results and outcomes toward reaching specific 
goals or objectives. There are four essential 
elements to an adaptive management approach: 
1) well defined and mutually agreed upon 
objectives, 2 knowledge (including descriptive 
models) of the dynamics of the system being 
managed, 3) clearly articulated management 
actions and strategies, and 4) a monitoring 

program to evaluate responses of the system to 
management actions (Walters 1986).  
 
 This step-down plan utilizes adaptive 
management planning principles but is not 
intended to meet all of the adaptive 
management planning elements outlined in the 
Department of Interior Adaptive Management 
Technical Guide (2007).  This Step-Down Plan is 
more accurately described as a “structured 
framework of adaptive management actions that 
progressively transitions from supplemental 
winter feeding to greater reliance on free-
standing forage (BEMP ROD p.5).     
 
 

 

Figure 4.  Adaptive management planning for supplemental feeding on the National Elk Refuge and its 
relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNP staffs to work with others (agencies, 
partners, etc) to “adaptively manage elk and 
bison in a manner that contributes to the State’s 
herd objectives yet allows for the biotic integrity 
and environmental health of the resources to be 
sustained,” so that the public can enjoy a variety 
of compatible wildlife-dependent recreational 
opportunities.  Under the BEMP’s 4 primary 
goals, 20 associated objectives were addressed 
(Table 1).  This adaptive management plan 
addresses four objectives under the goal of 
sustainable populations (Fig. 5). 
 
In Phase 1 of the second Sustainable Populations 
objective (Fig. 5), the aim is to reduce the average 
number of elk on feed to 5,000 (while 
maintaining WGFD’s 11,000 elk herd objective), 
and reduce the winter population of bison to the 
BEMP-adopted objective of 500. In Phase 2, the 
overall objective is to reduce the reliance of bison 
and elk on supplemental feed (USFWS and USNPS 
2007a).  Desired conditions include animals 
relying predominantly on native habitat and 
cultivated forage. Important consideration 
criteria for implementing Phase 2 will include: 1) 
the level of forage production and availability on 
the National Elk Refuge and adjacent winter 
ranges, 2) maintenance of desired herd sizes and 
age/sex ratios, 3) the ability to effectively 
mitigate bison and elk livestock conflicts, such as 
co-mingling on on private lands during high risk 
disease transmission periods, 4) maintaining 
desirable winter distribution patterns of elk and 
bison, 5) the prevalence of brucellosis, chronic 
wasting disease, and other wildlife diseases, and 
6) public support.   In short, the overall objective 
of this plan is to provide a path for progressively 
transitioning from winter feeding of elk and bison 
on the NER to greater reliance on free-standing 
forage, while maintaining population and herd 
ratio objectives. 
 

This Plan focuses on management actions to 
initially achieve Phase 1 objectives. However, if 

Table 1.  2007 Bison/Elk Management Plan 
Goals and Objectives (Adaptive Management 
Plan objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and 

cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives (Addressed in Step Down Plan): 

• Develop adaptive management plan for 
reducing NER supplemental feeding. 

• Phase reduction of animals on feed: 1) 
to 5,000 elk and 500 bison, and 2) elk 
and bison rely predominantly on native 
habitat. 

• Maintain natural bull-to-cow ratios in 
park summer herd. 

• Ensure a genetically viable bison herd 
with close to an even sex ratio. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 
11,000. 

• Maintain a genetically viable bison 
population of about 500 animals. 

Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk 
from elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

• Educate hunters about wildlife disease 
human health hazards. 
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successful, these actions will continue to be used 
to achieve the Phase 2 objective of reducing 

reliance on supplemental feeding while 
considering the six criteria listed above.      

 

MANAGEMENT ACTIONS AND STRATEGIES 
 
Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 

and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 
there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The 
management stepdown approach will necessarily 
be one of investigation, constant evaluation, 
modifications to approach when indicated, and 
repeated trials (Fig 4).  As such the approach will 
also be experimental,  guided by rigorous analysis 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in GTNP, 
and on non-federal lands in collaboration with 
land owners and WGFD. Primary management 
practices that can be altered to achieve reduced 
reliance of bison and elk on supplemental feed 
fall into the  3 broad categories of 1) timing and 
intensity of winter feeding, 2) timing and 
intensity of hunting, and 3) herd segment specific 
and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort, some of 
which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,200 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 
to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000, but because the proportion of the 
Jackson Elk Herd that winters on NER has 
increased dramatically (Fig. 6), this will make 
achieving the Phase I objective of 5,000 elk on 

feed and any future elk population reductions 
more difficult.   Preliminary modeling suggests 
that the increasing proportion of the Jackson Elk 
Herd wintering on NER has been associated with 
1) changes in elk winter distribution associated 
with wolves and 2)high numbers of elk that 
summer immediately adjacent to NER (Cole and 
Foley et al. 2015).   
 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013. In recent years irrigation of approximately 
3,600 acres has increased refuge-wide forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone, and by 15% in the southern 
portion of NER which receives the greatest use by 
elk and bison. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes will have implications for elk 
and bison management. 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNP, harvest of elk during the Elk 
Reduction Program takes place, when necessary, 
in collaboration with WGFD, and restoration of 
previously cultivated and irrigated sagebrush-
grasslands is ongoing.  Fundamental components 
of each of these will be briefly described below to 
provide a basis for comparison to adaptive 
management strategies that will follow.  
 
 Chronic Wasting Disease 
Supplemental feeding has occurred in all but 9 
winters on NER since 1912, and although this 
strategy minimizes winter elk mortality from 
starvation and contributes to Wyoming state elk 

Commented [CE4]: Need to address uncertainty associated 
with climate change effects 
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herd objectives, elk occur at numbers and 
densities well in excess of carrying capacity 
(Smith et al. 2004, Lubow and Smith 2004).  
Considerable evidence suggests that Chronic 
Wasting Disease (CWD) transmission and 
prevalence are density dependent (Peters et al. 
2000, Williams et al. 2002).  Monello et al. (2014) 
found that elk densities of 15-110 per square km 
in Rocky Mountain National Park were associated 
with 13% CWD prevalence, and they predicted 
elk population declines when CWD prevalence 
exceeded 13%. NER elk densities commonly 
exceed 160 per square km (NER unpublished 
data), which suggests that the introduction of 
CWD to NER elk would have significant negative 
population effects over time. 
 

Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs/ac. Historic radio 
telemetry data and observations of elk 
movements indicate that when available forage 
delclines below 300 lbs/ac., some elk leave NER 
for surrounding private lands. Therefore, the 
purpose of this feeding trigger is to keep elk on 
the NER and prevent them from searching off-
refuge for forage which increases the potential of 
comingling.  This trigger is not a warning that a 
significant nutritional deficit threshold has been 
reached.  Available winter forage for elk and 
bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2015, relative to the current objective. 
  OBJECTIVE 2011 2012 2013 2014 2015 mean 
NER 5,000 7,746 7,360 6,285 8,296 8,390 7,615 
Gros Ventre 3,500 2,775 3,265 2,982 2,326 1,162 2,502 
Native Range1 2,500 982 894 1,784 801 913 1,075 
Total 11,000 11,503 11,519 11,051 11,423 10,465 11,192 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 
 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin) occurs 
annually to help minimize movement of elk 
between these areas. This coordination will 
continue regardless of the management strategy 
employed. The relationship of recent elk numbers 
and objectives for NER and WGFD-operated 
feedgrounds and native range is shown in Table 
2. 
 

Bison discovered refuge feeding operations in 
1980, and since that time they have been Bison 
are fed as necessary each year to help minimize 
disruption to elk feeding operations. Because 
bison displace elk from feedlines, NER staff 
attempt to feed most bison in the northernmost 
refuge feedground and to provide a heavy ration 
that keeps them in this area. This strategy 
prevents bison from mingling with elk and also 
prevents bison from moving to areas where 
conflicts with humans are more likely.  Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 

in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56, range 329-457) hunters harvested 161 
(SD = 38, range 126-225) elk per year during the 
NER hunt.  

The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNP and WGFD officials agreed a 
reduction was not necessary (Figure 8).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNP harvest accounts for about 25% of the 
JEH overall harvest, thus has been an important 
factor in regulating the population.  Increased 
natural regulation, likely a result of increases in 
grizzly bears and wolves over the last 20 years, 
has decreased the need for large harvests in the 
park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5, 
range 139-301) bison per year.  This level of 
harvest has been sufficient to arrest the 
exponential growth of the population, reducing 
bison numbers from the peak in 2007 to about 
700 animals in winter 2015 (Fig 3). Tribal bison 
harvest of up to 5 animals for ceremonial 
purposes was authorized in the BEMP.  
Translocation of wild bison to lands outside of 
Teton County is not currently permitted due to 
brucellosis concerns.  



 

 11  
 

Bison hunting is not allowed in GTNP because of 
long standing National Park Service policy that 
prohibits most hunting in national parks.  Bison 
quickly learned to take advantage of the parks 
safety, which has made obtaining hunter harvest 
goals difficult.  Many bison stay in the park during 
the hunting season, with only occasional short 
term movements to the NER, until severe winter 
conditions occur. In response, NER and WGFD 
managers attempt to balance extending the hunt 
as late in January as practicable without 
conflicting with winter feeding. The unpredictable 
nature of winter conditions that time of year 
makes this a risky proposition, and can result in 
the use of emergency season extensions or 
reductions.  
 
Hazing 
NER staff haze elk and bison to conserve 
winter forage, prevent year round use of 
winter range, and in some cases to prevent 
elk and bison from moving to private lands or 
other areas where conflicts with humans are 
likely.  Hazing using ATVs has proven most 
effective. The strategy is typically employed 
during 3 time periods: 1)In May to move elk 
and bison off NER that are lingering on NER 
winter range; 2) In July when some bison 

typically return to NER; and 3) In the period 
just prior to feeding initiation when elk and 
bison are most likely to leave NER for private 
lands. 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER year around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 
and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease several days to weeks before the 
bison hunting season in an effort to increase 
hunter harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,000 acreas 
of previously irrigated and cultivated grasslands 
in GTNP in need of restoration to native 
sagebrush grasslands community.  Substantial 
progress in this endeavor has been made since 
2007, including: [GTNP folks please add short 
description of methodological research and 
implementation, followed by what remains to be 
accomplished] 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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  Figure 8.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 
  
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNP, and WGDF biologists.  This survey 
occurs one day in early February and includes 
ground counts of animals on feed at the NER and 
aerial counts of outlying bison across their winter 
ranges on the refuge, park, and Bridger-Teton 
National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 

feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 
that winter would equal 5,000 elk X 100 days = 
500,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 250,000. 
 
We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 
bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Implementation of the AMP will have successfully 
attained the objective of “transitioning from 
intensive supplemental winter feeding to greater 
reliance on free-standing forage” when 
supplemental feeding was not used for more 
than 50% of the years in a 5 year period. 
 
Initial success of AMP implementation will be a 
consistent decline in the 3-year running average 
of elk and bison fed days from the established 
baseline. While the BEMP did provide specific 
measurement criteria for the definition of 
“transitioning from intensive supplemental 
winter feeding to greater reliance on free-
standing forage” we will consider this objective 
met when the 3-year running average of elk and 
bison fed days is <50% of baseline for 5 years in a 
row.   

Commented [S5]: SK’s draft. 

Commented [S6]: SC’s alterative in this paragraph, recognizing 
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Several management constraints are common to 
the strategies discussed below (Table 3).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements 
in GTNP.  Similarly, compliance with the 
Wyoming greater sage-grouse core area 
protection executive order (2011-5) could restrict 
habitat manipulations.  NEPA compliance 
conducted as part of the BEMP/EIS constrains 
what federal actions can be taken as a part of this 
plan.  State regulations constrain late (winter) 
hunt and carcass disposal timing to protect 
against brucellosis contamination, since 
February-April represent the period bison and elk 
are most likely to transmit the disease.  
Restrictions on hunting timing also result from 
BTNF winter range closures, immediately east of 
the NER and elsewhere, December 1 to April 30.  
Additional details about these and other 
constraints will be included in discussions about 
specific strategies that follow. 
 
Strategies 
 
This section will describe the management action 
this AMP proposes to implement.  As such, it 
unveils the heart of management changes 
necessary to begin the process of transitioning to 
more reliance of bison and elk on native forage 
during winter.  Fundamentally, the strategies 
discussed in this plan represent an experiment 
designed to achieve Phase I objectives of 5,000 
elk and 500 bison on NER and are a first step 
towards reducing reliance on supplemental 
feeding while meeting the sustainable population 
goals identified in the AMP. 
 
Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies to 
achieve phase I objectives are modifications to 
winter feeding and hunting seasons.  To a lesser 

Table 3. Summary of potential Adaptive 
Management Plan constraints.  
Policy 
• ESA1 Lynx – limits on habitat impacts 
• Greater Sage Grouse – core area protection 
• 2007 BEMP/EIS (federal actions/lands) 

o No fertility control 
o No test and slaughter 
o Limited tribal harvest 

• Bison/elk hunt end date (Feb. 1st)  
o WGFD, brucelosis safety 

• Carcass disposal (Feb. 15th) 
o WGFD, brucellosis safety 

• Forest Service winter closure  
(Dec. 1st – April 30th) 

• Easement limitation (NER boundary) 
Winter Feeding 
• Only during non-hunting periods 
Harvest 
• State regulations 
Vegetation Restoration/Protection 
• Bison/elk distribution 
• Exotic plant species management 
Private Lands  
• Owner agreements 
Social 
• Hunter density (safety; hunt quality) 
• Elk/bison winter mortality levels 
• Public safety (ungulate/vehicle collisions) 
• Disease  
• Land-use conflicts (agricultural and  

residential) 
Biological 
• Disease (bison/elk/cattle commingling) 
• Sage grouse habitat conflicts 
• Fencing/wildlife conflicts 
• Elk herd distribution 

o summer segment distribution goals 
Funding 
• Easement purchase 
• Plan implementation 
1Endangered Species Act 
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extent, vegetation protection and restoration can 
be important, particularly for improving long-
term ecological balance and enhancing natural 
production of native forage.  Private lands are 
also an integral component as changes in elk and 
bison distribution occur and new challenges 
develop.  The likely consequences of 
implementing these strategies were evaluated in 
the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on feed: 1) to 5,000 elk and 500 bison, 
and 2) [to an extent where] elk and bison rely 
predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  As previously mentioned, the concept of 
reducing winter feeding after more than 100 
years of the practice, and the associated 
behavioral conditioning of elk and bison to its 
presence, represents a formidable challenge that 
must be approached cautiously and 
systematically. The strategies discussed below 
have been developed in this context, with 
appropriate feedback mechanisms through 
rigorous monitoring and frequent evaluation.  
Inability to meet this objective under the 
strategies presented here would trigger a 
thorough evaluation and development of more 
aggressive strategies. 
 
Chronic Wasting Disease 
In 2014 WGFD began the revision process for the 
Wyoming CWD Management Plan (2006). WGFD 
has cooperated with federal agencies and other 
stakeholders to revise the plan, and NER and 
USFWS Region 6 Wildlife Health Office staff 
participated in several meetings associated with 
this effort.  One goal of the CWD Management 
Plan update is to develop specific management 
responses should CWD be detected on or 
adjacent to State or NER elk feedgrounds.  Early 
detection of CWD in the JEH is essential to ensure 
an effective management response. 
 

Since 1997 NER has cooperated with Wyoming 
Game and Fish Department (WGFD) to conduct 
surveillance for CWD in the JEH unit. Although 
this effort indicates that CWD is not currently 
found in the JEH, continued surveillance at 
sample sizes sufficient to detect 1% prevalence 
with 95% confidence annually will be critical to 
ensure a timely management response and limit 
the long-term population effects of the disease 
(USFWS and NPS 2007).  Given that CWD has 
been detected within 40 miles of the JEH in 
moose, within 70 miles in deer, and within 175 
miles in elk, this level of surveillance is 
warranted.   
 
Winter Feeding 
Winter feeding actions that could be modified 
include starting date, ending date, and daily 
ration.  To modify elk and bison behavior in the 
long run, delaying initiation of feeding is likely to 
have the greatest impact by gradually 
conditioning them to expect feed later on 
average, with the desired outcome of building a 
cohort of animals that rely primarily on native 
winter range and are not food conditioned. To 
reduce supplemental feeding overall, ending 
feeding early would also help decrease the 
amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   

 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 4, Fig. 9).   Time of season could 
influence this interval, most likely shortening it as 
the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from December 30 to February 28.  Delaying 
feeding by two weeks in January, for example, is 
likely to have fewer negative effectsbe more 
successful than doing so in February, when food 
stress and tendency for animals to move to 
private lands is greater.  Forage availability could 
also have an influence, particularly if a freeze 
thaw event resulted in an acute and large 
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reduction in available forage.  Both time of 
season and forage availability considerations 
would be affected by the numbers of elk and 
bison on the NER.  And finally, the distribution of 
animals, particularly on private, livestock 
producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to suffer because of being displaced by 
more dominant animals.  Monitoring programs 
will include measures of calf mortality and it will 
be an influencing parameter in feedback 
mechanisms.  The BEMP anticipated that elk 
mortality could increase from 1-2% overall to 1-
5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32% based on an average 
feeding season length of 9.3 weeks from 1995-
2015. 
 
The AMP winter feeding strategy would include 
the establishment of additional key forage index 
sites and on-going measurements at those sites 
throughout the winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 
hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 4).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 

Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNP summer segment (since most 
park bulls migrate to the NER) would help inform 
levels of take proposed.  Bow hunting in areas 
currently closed to firearms will likely increase 
harvest by eliminating “no-hunt” areas which can 
become sanctuaries for large numbers of elk. 
Shifting the hunt one week later is consistent 
with later migrations and will improve harvest 
effectiveness. 
 
General elk harvest patterns in GTNP would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has lead to significant increases of winter 
elk concentrations on the NER.    
 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
 
Bison hunts on the NER (bison hunting is 
prohibited in GTNP) would see little initial change 
(Table 4).  Consideration would be given to later 
hunt end dates commensurate with delayed 
feeding, and possible escorted hunting in the 
South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, State 
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quotas will likely be reduced and management 
flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Serious consideration should be given to reducing 
the bison herd population objective in the future.  
This would lower winter forage consumption on 
the NER and help reduce elk and bison winter 
concentrations.    
 
The current bison herd objective is “. . . maintain 
and ensure a genetically viable population of 
approximately 500 animals (five-year average), 
with as close to an even sex ratio as possible to 
maximize maintenance of genetic variation over 
time. . .” (BEMP p. 136).    
 
The Jackson bison herd is not considered part of 
the U.S. Fish and Wildlife Service’s meta-
population approach to bison conservation 
because of its high prevalence of brucellosis.  This 

disease prevents the export of Jackson bison to 
other DOI conservation herds. 
 
The 500 bison population objective was set 
primarily to preserve existing genetic diversity 
assuming extremely limited natural genetic 
transfer with the Yellowstone or other DOI bison 
conservation herds.  Genetic diversity can be 
maintained for a Jackson bison herd less than 500 
if bison with desirable genetic diversity are 
periodically imported from other DOI bison 
conservation herds.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates, temporal and 
spatial harvest patterns, and animal-fed-days 
would be monitored, and the resulting 
information would be used to inform ongoing 
evaluation of adaptive elk and bison 
management harvest programs (Figs. 9 and 10). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
framework.   
 
Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 

 

Figure ?. The percentage of elk that winter on 
NER that were counted on NER on December 1. 
Aannual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives. 
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Several strategies would be employed to mitigate 
potential problems (Table 4), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 
purchase private lands easements to prevent co-
mingling. A vital component in implementing 
these mitigation measures is to establish three 
seasonal Wildlife Conflict Technician positions 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the AMP 
(see Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMP mitigation efforts.  
 
Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    
 
Vegetation Restoration/Protection 
 
[NER and GTNP staff to draft material] 
 

Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 
 
A private lands Hunting Coordinator Position 
would be established and supervised by the 
WGFD to promote and coordinate hunting 
activity focused on Southern Herd Segment 
harvest in and around private lands in the Spring 
Gulch Area north to Moose, WY (Hunt Area 78).    
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Table 4 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
ManagemenPlan 
Implementationt 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold 2008-2015 Average: 
3.3% (range 1.1-9.0%) 

<= 10%  

  Elk/bison distribution -– 
visual? 

   

  Elk/bison distribution –  
  collars 

Almost no documented 
use of private lands 
during feeding 
operations 

Unknown, but likely 
higher use of private 
lands than current 
management 

 

  Elk Winter mortality (all age 
classes) 

2008-2015 Average: 
1.2% (range 0.6-1.9%)  

<=3%  

  Elk summer range segment 
  Proportions for elk that 
winter on NER 

Approximately 
40% GTNP North of 
Moose 
35% South Snake River 
10%Gros Ventre/Flat 
Creek 
10% Teton Wilderness 
5% Southern 
Yellowstone 
 

Unknown, but will be 
monitored based on 
summer distribution of 
radio collared elk  

 

    
Harvest  National Elk Refuge 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 
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Note on following figures 9 and 10:  

Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
  

Comments 
Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   Landscape damage    
   Easement acquisition    
    
Vegetation Restoration/ 
Protection: Elk Refuge 

   

    
Vegetation Restoration/ 
Protection: Grand Teton 

   

    
 

Commented [CE8]: Since this is no longer an AMP, either the 
figures need to be removed or reworded. 
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Figure 9.  [example] Framework for delayed feeding strategy and adaptive management. 

 

Figure  10. [example] Framework for harvest strategy and adaptive management. 
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Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMP (Table 5).  Since they were not part of the 
ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management plan, and thus they are 
not being considered at this time.   

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation and cessation of winter feeding). We 
will use modeling to quantify the effects of our 
management actions on 2 key repsonses of 
interest, elk distribution and winter elk calf 
mortality.  
 
Fig. 11 describes possible factors that affect 
winter elk distribution (the proportion of elk on 
NER feedgrounds versus native winter range). 

Models will be used to identify the relative 
influence of our principal management strategy 
(a reduction in feed season length) and other 
factors on winter elk distribution (Appendix 43).  
Over time this will allow us to assess whether 
changes in elk distribution were the result of our 
management actions or due to factors outside of 
our control.  
 
An increase in calf elk winter mortality is a 
potential result of reduced feed season length.  
Fig. 12 portrays factors that influence winter calf 
elk survival on NER.  
 

Table 5.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due 

to major technical, social, and financial hurdles1. For AMP 
discussed primarily with regard to the difficult to harvest 
herd segment in Hunt Area 78 on private lands, where 
federal agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for 
AMP because current hunting programs appear effective 
at slowly moving the herd toward the 500 animal herd 
objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands 
because current hunting programs that utilize sport 
hunters are effective at meeting herd objectives. 

Altering rations of supplemental feed Rejected as a strategy because reducing daily feed ration 
below 8 lbs/elk would be enough feed to encourage elk to 
remain on NER but would result in unacceptably high elk 
calf mortality rates. 

  
  
    

 
     

 

 



 

 23  
 

Models will be used to assess the effects of 
available forage on winter calf elk survival 
(Appendix 4).  Over time this will allow us to 
assess the effects of our principal management 
strategy (reducing feed season length) relative to 

winter elk calf survival. other factors on elk calf 
survival and potentially adjust our management 
actions based on model results. 
  

 
  

 

Figure 11.  Influence diagram depicting factors (including management actions) influencing outcomes 
identified in the Bison and Elk Management Plan (BEMP; USFWS 2007a). Gray hexagons represent outcomes, 
rectangles represent management actions, rounded rectangles represent factors with numerical objectives, 
and ovals represent factors outside of management control. Bolded polygons and arrows represent outcomes 
and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed rectangle) 
is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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MONITORING  
 
Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers to achieve 1; and 3) extending the 
monitoring period later in the winter to assess 
the relationship between available forage and elk 
and bison distribution. 
 
To better represent the total amount of forage 
available on the southern half of NER, a 

subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional spatially-balanced random 
sample sites stratified by elk habitat preference 
will be added.   Historic elk distribution mapping 
and elk GPS collar data (NER unpublished data) 
suggest that the areas most preferred by elk on 
southern NER are associated with moderate to 
high forage production and green vegetation.  
Because the distribution of forage production and 
greenness characteristics vary annually based on 
irrigation and precipitation patterns, we will 
annually map areas preferred and not preferred 
by elk and sample sites will be randomly selected 
within each of these mapped categories.   At least 
3 historic key index sites, 3 random sites in areas 
preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 

 

Figure 12. Influence diagram depicting factors (including management actions) influencing bison and elk fed 
days on the National Elk Refuge (see text for description) and winter calf elk survival. Gray hexagons represent 
outcomes, rectangles represent management actions, rounded rectangles represent factors with numerical 
objectives, and ovals represent factors outside of management control. Bolded polygons and arrows represent 
outcomes and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed 
rectangle) is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
 

Commented [WJ9]: I think it would be worthwhile to reference 
the models early in this section, providing the reader with an 
explanation of response variables (proportional use of NER and calf 
survival) and predictor variables (identified in the models). Then 
each of the monitoring efforts can be linked back to either a 
response or predictor. This will form an explicit link among models, 
monitoring, and management actions. I would also recommend 
subheadings for ‘Response Variables’ and ‘Predictor Variables’, with 
the former first in the monitoring section.  

Commented [WJ10]: Would be worthwhile to articulate 1) 
new sampling frame (entire southern area of NER?), and 2) strata 
used to stratify sampling. Both of these will result in more sample 
sites, so are related to your first item here.  You mention this later 
on, but I think it is worthwhile to have it up front since it is a 
significant change that will hopefully help improve estimates of 
available forage. 

Commented [WJ11]: This is in reference to doing a GRTS draw 
for points to make sure they are spatially balanced across the strata 
in the southern portion of NER. 

Commented [WJ12]: Any idea what level of precision this will 
provide? May be better to leave this out for now and work through 
the necessary sample size to achieve a specified level of precision 
after some additional field data are available to inform such 
calculations.  
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Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMP strategy is to delay the initiation of 
supplemental feeding by 2 weeks after average 
forage production reaches the 300 lbs. per acre 
level at key index sites.   Therefore the 
monitoring period will be extended to include the 
intervening 2 weeks.   
 
Proportion of Elk Wintering on NER 
 
A principal AMP goal is to reduce the number of 
elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 
each year, we will calculate the proportion of 
total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 

running average post AMP implementation to the 
pre-implementation baseline.  The pretreatment 
baseline will be comprised of data from 2008-
2016, a time period that represents BEMP 
implementation prior to AMP actions (Figure 13).   
 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMP implicitly assume that the 
transmission rate and prevalence of elk and bison 
diseases are density dependent and positively 
correlated with the number of elk and bison 
utilizing feedgrounds and the number of days 
they are fed.  We further assume the variables 
elk-fed-deays (EFD) and bison-fed-days (BFD) are 
a proxy for these conditions. EFD and BFD will be 
calculated annually for each species based on the 
following formulas:  
 
 
 

 

Figure13. Proportion of the Jackson Elk Herd that was 
classified on NER feedgrounds in the period following 
implementation of the Bison and Elk Management Plan 
and prior to the implementation of the Adaptive 
Management Plan (2008-2015).  These values 
represent the pretreatment baseline which will be 
compared to the 3 year running average post AMP 
implementation. 
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EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 
 
BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 

comparing the 3-year running average post AMP 
implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account for wide annual variation in EFD and BFD 
associated with winter severity (Fig. 14) 
 
Elk Winter Mortality Monitoring 
 
NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMP implementation, 
which will allow trend comparisons to the pre 
AMP baseline (Figure 15).  Under the AMP 
framework, we believe the 3 year running 
averages for total and calf winter elk mortality 
will be within the range of variation exhibited by 
the pre AMP baseline.  Historic monitoring 
suggests that calf and total mortality are sensitive 
to winter severity and disease outbreaks, and 
that winter mortality occasionally exceeds >3% 
total mortality and >10% calf mortality.  Post 
AMP mortality in excess of these levels may 
warrant shortening the 2-week feeding initiation 
delay in subsequent years. 
 
Elk Collaring 
 
One of the AMP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas.  To quantify this effect and provide real 
time information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 
sample of 50 GPS collars on elk that winter on 
NER throughout the AMP implementation period.  

 

 
 
Figure14. Elk Fed Days (EFD) and Bison Fed Days 
(BFD) in the period following implementation of the 
Bison and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the 
pretreatment baseline which will be compared to the 
3 year running average EFD and BFD post AMP 
implementation. 
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Forty -five elk represents approximately 0.5% (1 
in 200) of the NER winter elk population.  This 
sample size will not be sufficient to detect all elk 
movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMP baseline period.    We hypothesize that elk 
movements from NER to surrounding private 
lands will increase during the AMP 
implementation period compared to the pre-
treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 
is the season when changes to the NER feeding 

program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 
Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 
need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis 
process includes brucellosis seroprevalence, 
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 
Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post AMP 
implementation.  There are no recent brucellosis 
seroprevalence data for elk on the National Elk 
Refuge, but >50 elk will be captured during elk 
collaring operations in winter 2016, and each elk 
will be tested for Brucellosis exposure.  The 2016 
Brucellosis seroprevalence rate will be the pre-
treatment baseline to evaluate post AMP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 
introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 

 

Figure15. Total and calf elk winter mortality (%) on NER 
in the period following implementation of the Bison 
and Elk Management Plan and prior to the 
implementation of the Adaptive Management Plan 
(2008-2015).  These values represent the pretreatment 
baseline which will be compared to the 3 year running 
average post AMP implementation. 
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management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 
CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 
technicians working from September-December 
are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 

To facilitate modeling, we will collect data on the 
following associated variables (Table #). The table 
lists variables and how they relate to our efforts 
to use modeling to explain changes in elk 
distribution and elk calf mortality relative to our 
principal action of reducing feed season length. 

 

 

 
Table # Variables to be used in models to explain elk winter distribution in the Jackson Elk Herd and elk 
calf mortality on NER.  
VARIABLE SOURCE Elk Winter 

Distribution Model 
Elk Calf Mortality 
Model 

Proportion Jackson Elk 
Herd on NER 
Feedgrounds 

WGFD/NER Jackson Elk Herd 
February Classification Count 

Yes No 

Proportion Jackson Elk 
Herd from South Snake 
River summer segment 

Determined from elk GPS collar 
data for elk captured on NER  

Yes No 

Number of wolf packs in 
the Jackson Elk Herd 
unit 

GTNP and WGFD wolf monitoring 
data 

Yes Yes 

Estimated total wolf 
numbers in Jackson Elk 
Herd unit 

GTNP and WGFD wolf monitoring 
data 

Yes Yes 

Estimated number of 
wolves using NER in 
winter 

NER observations Yes Yes 

Total NER herbaceous 
forage biomass 

NER forage production survey 
data 

Yes Yes 

Snow Water Equivalent NOAA snowtell site data Yes Yes 
NER Winter elk 
Mortality (calf) 

NER winter elk mortality survey No Yes 

Snow Depth NOAA Snowtell sites and NER 
measurements  

Yes Yes 

Available Forage NER and GTNP monitoring in 
winter months 

Yes Yes 

NER Elk and Bison Fed 
Days 

NER feeding records and daily 
feedground estimates of elk and 
bison 

Yes Yes 

NER Feeding Start Date NER feeding records Yes Yes 
Gros Ventre Feeding 
Start date 

WGFD feeding records Yes No 

Elk Hunting Pressure by 
Hunt Area 

Estimated number of hunter days 
from WGFD completion reports 

Yes Yes 
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EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 
strategies outlined in this plan will be in place for 
a minimum of 5 years.  Actions completed each 
year, the results of monitoring programs, and any 
proposed changes in course will be presented in 

an annual adaptive management update/report, 
completed by NER staff by the end of March for 
the previous year.  
 
Investigating the potential effects of climate 
change on elk and bison management will be 
important in the long-term.  During 
implementation of this plan, we will collect a 
variety of data that can be drawn upon for this 
purpose.  

 

PUBLIC OUTREACH AND EDUCATION  
The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMP 
implementation.  The practice of feeding elk 

evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMP in order to gain general 
consent to modify longstanding elk/bison herd 
management methods.   
 
A detail communication plan to guide outreach 
and education efforts can be found in Appendix 3. 
 
 

 

  



 

 30  
 

SCHEDULE 

 

 

Table 7.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 

 

 

Table 6.  Adaptive Management Plan proposed schedule. 
Action Date 

GPS Collar 30-40 elk prior to strategy implementation (Iridium platform) February 2016 

Public outreach and education March 2016 

Initiate private lands conflicts mitigation contacts/actions March 1, 2016 

Implement enhanced forage monitoring  March 1, 2016 

Initiate changes in supplemental feeding protocol January 2017 

Monitoring/Evaluation/Annual Report June 2017 
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BUDGET 

Table 8. [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Seasonal Biological Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 
     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment distribution1      
     Expanded standing forage estimates1      
     Chronic Wasting Disease, 2 seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 
     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; Iridium Platform $115,000 $25,000 $25,000 $25,000 $25,000 
Bison barrier at NER south entrance $80,000 $1,000 $1,000 $1,000 $1,000 
Adaptive Management Plan annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 
Private lands:      
     Easements / Acquisition      
     Damage reimbursements (Wyoming)      
     Conflict mitigation coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 
Vegetation restoration/protection1      
Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 

Subtotal      
Grand Teton National Park:      
Monitoring:      
     Summer elk classification/distribution      
     Hunter harvest      
     Harvest age distribution      
     Transition range forage production/utilization      
Vegetation Restoration/Protection      
     Temporary bison fencing      
     Hayfields restoration      
     Exotic plant mitigation      
     monitoring      
Elk Reduction Program      

Subtotal      
Wyoming Game and Fish Department:2      
Private lands:       
     elk harvest coordination      
     Easements / Acquisition      
     Damage reimbursements      
     Conflict mitigation coordination      

Add additional lines and categories as needed 
Subtotal      

Grand Total      
1 See detail in Appendix      

          
 



 

 32  
 

 

 

LITERATURE CITED [incomplete]

 
Cole, E. K., Foley, A. M., Warren, J. M., Smith, B. L., Dewey, S. R., Brimeyer, D. G., Fairbanks, W. S., 

Sawyer, H. and Cross, P. C. 2015. Changing migratory patterns in the Jackson elk herd.  Journal of 
Wildlife Management, 79: 877–886.  

 
Cook, J.G. 2002. Nutrition and Food. In D. E. Toweill and J.W. Thomas eds. North American Elk Ecology 

and Management. Smithsonian Institution Press, Washington D.C. 
 
Defenders of Wildlife et al. v. the U.S. Department of Interior and State of Wyoming. 2010.  United 

States District Court for the District of Columbia. Case 1:08-cv-00945-RJL, Document 37, Filed 
03/26/10. 

 
Defenders of Wildlife et al. v. the U.S. Department of Interior and State of Wyoming. 2011.  United 

States Court of Appeals for the District of Columbia Circuit. USCA Case #10-5144, Document 
#1322265, Filed: 08/03/2011. 
 

Emmerich, J., R. Guenzel, L. Jahnke, B. Kroger, J. Nemick, B. Rudd, and T. Woolley. 2007. Appendix VIb. 
Page VIb-1 in S.A. Tessmann (ed). Handbook of Biological Techniques: third edition. Wyoming 
Game and Fish Department. Cheyenne, WY. 

 
Gregory, R., L. Failing, M. Harstone, G. Long, T. McDaniels, D. Ohlson. 2012. Structured decision making: 

a practical guide to environmental management choices. Wiley-Blackwell, West Sussex, United 
Kingdom.  

 
Hobbs, N.T. 1989. Linking energy balance to survival in mule deer: Development and test of a simulation 

model. Wildlife Monographs 101. 39pp 
 
Hobbs, N. T., G. Wockner, and F. J. Singer. 2003. Assessing management alternatives for ungulates in the 

Greater Teton Ecosystem using simulation modeling. Unpublished report, Natural Resources 
Ecology Lab, Colorado State University, Fort Collins, CO. 

 
Killian, G., T. J. Kreeger, J. Rhyan, K. Fagerstone, and L. Miller. 2009. Observations on the use of 

Gonacon™ in captive female elk (Cervus elaphus). Journal of Wildlife Diseases 45:184-188. 
 
National Academy of Science.  2010.  Advancing the science of climate change – an Expert Consensus 

Report.  Accessed July 2015 at http://dels.nas.edu/resources/static-assets/materials-based-on-
reports/reports-in-brief/Science-Report-Brief-final.pdf 

 



 

 33  
 

[NPS] National Park Service.  2006.  Management Policies.  U.S. Department of the Interior, National 
Park Service.  Washington D.C.  Available at http://www.nps.gov/policy/MP2006.pdf.  Accessed 
May 2015. 

 
National Wildlife Refuge System Improvement Act.  Public Law 105-57, October 9, 1997.  Available at 

6``AZQ1SXW2DEC FV3R6UIO\2560P-[=\  Accessed May 2015. 
 
Nelson, L. J., and J. M. Peek. 1982. Effect of survival and fecundity on rate of Increase of elk. Journal of 

Wildlife Management 46:535-540. 
 
Pawitan, Y. 2001. In all likelihood: statistical modelling and inference using likelihood. Oxford University 

Press. 
 
Putman, R. J., and B. W. Staines. 2004. Supplementary winter feeding of wild red deer Cervus elaphus in 

Europe and North America: justifications, feeding practice and effectiveness. Mammal Review 
34:285-306. 

  
Raithel, J. D., M. J. Kauffmian, and D. H. Pletscher. 2007. Impact of spatial and temporal variation in calf 

survival on the growth of elk populations. Journal of Wildlife Management 71:795-803. 
 
Tassell, L. W. V., C. Phillips, and W. G. Hepworth. 1995. Livestock to wildlife is not a simple conversion. 

Rangelands 17:191-193. 
  
[USFS] U.S. Forest Service. 2013. Bridger-Teton National Forest Fire Management Plan. Bridger-Teton 

National Forest. 
 
[USFWS] U.S. Fish and Wildlife Service. 2014. Comprehensive Conservation Plan. National Elk Refuge.  
 
[USFWS and USNPS] U.S. Fish and Wildlife Service and National Park Service. 2007a. Record of Decision, 

final bison and elk management plan and environmental impact statement. National Elk Refuge 
and Grand Teton National Park. http://www.fws.gov/bisonandelkplan/ROD.pdf, accessed April 
2015. 

 
[USFWS and USNPS] U.S. Fish and Wildlife Service and National Park Service. 2007b. Bison and elk 

management plan. National Elk Refuge and Grand Teton National Park. 
http://www.fws.gov/bisonandelkplan/, accessed April 2015. 

 
[USFWS and USNPS] U.S. Fish and Wildlife Service and National Park Service. 2007c. Final bison and elk 

management plan and environmental impact statement. National Elk Refuge and Grand Teton 
National Park. http://www.fws.gov/bisonandelkplan/, accessed April 2015. 

 
Walters, C. 1986. Adaptive management of renewable resources. Blackburn Press, Caldwell, New Jersey. 



 

 34  
 

 
Williams, B. K. 1997. Approaches to the management of waterfowl under uncertainty. Wildlife Society 

Bulletin 25:714-720. 
  



 

 35  
 

APPENDIX 1.  Summary of primary potential impacts associated with reduced supplemental feeding, 
as identified in alternative 4 environmental consequences section of the Final Bison and Elk 
Management Plan/Environmental Impact Statement (USFWS and USNPS 2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing 

supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter 

forage production, assessments of forage utilization (done jointly by WGFD and NER personnel), 
elk condition and movements, and potentially on the January 1 index of winter severity 
calculations for elk (Farnes, Heydon, and Hansen 1999). 

• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition 

(negligible adverse effect on NER elk from lower nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the 

bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would 

increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider 
distribution. 

• Elk use of lands surrounding the NER would increase, including: 
o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNP 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and 
Gros Ventre segments. 

• As ungulate numbers decreased and supplemental feeding was reduced, competition and 
aggressive social interactions on the refuge would also be reduced. 

• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability 
would have a greater influence on numbers, movements, distribution, and mortality. 

• More elk would be subject to natural factors affecting mortality, including loss of body 
condition, predation, and starvation. 

• Increased mortality on and off the refuge would mainly affect older elk and calves, and some 
prime bulls entering the winter energetically stressed due to rut activities. 
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• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 

1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due 
to tuberculosis, septicemic pasturelosis, and CWD. 

• The health and sustainability of the Jackson elk herd would be increased gradually as 
supplemental feeding was reduced and there was greater reliance on standing forage and wider 
ungulate distribution. 

• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and 

potential transmission of brucellosis, as well as potential for spread of diseases not yet in the 
population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, 
to coordinate actions that would prevent conflicts due to elk dispersal and to defray costs of 
managing potential conflicts. Preventing access to food/hay rewards on private lands would be 
vital for effective management. 

• Private land conservation easements within NER boundaries would promote wider distribution.  
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APPENDIX 2.  Monitoring Supplemental Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured at every 5 steps along the random bearing 
determined for each site.  At each subplot a 13.27” diameter metal sampling ring will be placed on the 
ground. The amount of forage available to elk within the sampling ring (dry weight in grams) will be 
visually estimated.  The 13.27” diameter subplot allows easy conversion from grams to lbs. per acre 
(each gram is equivalent to 100 lbs. per acre). During annual forage production sampling, refuge 
biologist Eric Cole has made approximately 1,000 of these visual estimates per year for 17 years, and 
33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will be the 
principal estimator, but additional personnel will be trained in these techniques to provide redundancy 
in the event of personnel changes, and to increase the number of observers to facilitate estimation of 
error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward when 
snow cover is limited, but estimating how much of the forage is accessible to elk when snow is dense, 
deep and crusted can be subjective.  To decrease the subjectivity of the estimation process, if the area 
under the sample ring is covered with snow, only forage that can be exposed with a gloved hand will be 
included in the estimate of available forage.  Forage that is fouled with manure and/or flush with the 
ground due to trampling and/or encrusted in ice will not be included in the estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an equivalent 
lbs./acre value (1 gram=100 lbs./acre).   The arithmetic mean of available forage (lbs./acre) for the 10 
subplots provides an estimate of available forage for each index site.  There are 3 sample site categories: 
1) Historic  Key Index Sites that have been used since 2007, 2) New randomly selected sites within areas 
preferred by elk, and 3) New randomly selected sites in areas not preferred by elk.  Historic key index 
sites were not randomly selected, but were instead selected to represent areas most preferred by elk on 
the south end of NER.  These were the sites used to determine when supplemental feeding would be 
initiated from 2007 until the implementation of the AMP.  To facilitate comparison with pre-AMP data, 
we will continue to use mean lbs. per acre across historic key index sites to determine the 300 lbs. per 
acre threshold.  However, post AMP implementation we will delay feeding initiation by 2 weeks once 
the 300 lbs./acre level has been reached.  We will concurrently sample at randomly selected sites 
stratified on an annual basis between areas highly preferred and not highly preferred by elk.  This will 
enable us to quantify the relationship between mean forage availability at historic key index sites and 
random sites over time. 
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APPENDIX 3.  Communication Plan 
 
Communication Goals 
 
Prior to the Adaptive Management Plan’s Implementation 
 
• Utilize a variety of outreach methods to inform the public on the goals and timing of the Adaptive 

Management Plan’s implementation and possible effects on wintering herds. 
• Utilize a variety of outreach methods to inform the public on public comment opportunities. 
• Identify and coordinate key messages and outreach with USFWS regional and national offices, State and 

federal agency partners, non-profits, elected officials, and other identified audiences. 
 
During the Adaptive Management Plan’s Implementation 
 
• Continue to utilize a variety of outreach methods to describe current management actions as well as 

measurable and noticeable changes on the landscape, in animal behavior, or in animal health. 
• Provide a comprehensive overview of the Adaptive Management Plan by providing links and references 

to previous outreach and background information. 
 
Communication Objectives 
 
• Work with current media contacts to promote news of the Adaptive Management Plan via print, radio, 

Web, and social media platforms. 
• Utilize new media and social media tools to provide information on why the Adaptive Management Plan 

was developed, what public comment opportunities exist, and how the plan is being implemented. 
• Plan, coordinate, and execute public meetings to allow for public comment and questions on the plan. 
• Develop and provide methods for the public to submit written comments on the Adaptive 

Management Plan. 
• Monitor print media on Refuge elk and bison management to see how Adaptive Management Plan 

objectives and reactions are being portrayed to the public. 
 
Current Outreach Resources 
 
• National Elk Refuge web site 
• National Elk Refuge news release list 
• (approximately  300 contacts) 
• National Elk Refuge Twitter site (1,039 followers) 
• Bison and Elk Management Plan web site (http://www.fws.gov/bisonandelkplan/) 
• Space for an 11” x 17” poster in the Visitor Center on Refuge management topics 
• Display panels in the Visitor Center theater for temporary displays 
 
Available Supporting Outreach Resources 
 
• USFWS Mountain–Prairie External Affairs staff 
• USFWS Mountain–Prairie web site, including the 
• “Top Stories” feature 
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• USFWS Mountain–Prairie Twitter site USFWS Mountain-Prairie Region Facebook page 
• USFWS National Wildlife Refuge System 
• Facebook page 
• USFWS Facebook page 
 
Previous Outreach Efforts 
 
• NER routinely writes and disseminates news releases on Refuge management activities, including the 

Comprehensive Conservation Plan, supplemental feeding, herd health monitoring, and forage 
production.  

• Post the above news stories as Content. 
• Management System (CMS) articles. 
• Post CMS news story promos so they prominently appear on the home page, linking readers to the 

articles. 
• Send out Twitter messages linking viewers back to the news stories. 
• Prepare, upload and provide links to Adobe PDF versions of news stories with addtional photos where 

additonal images are available and/or help understand or visualize the content. 
• Utilized the Conservation link on the web Content 
• Management System to post information about 

the Bison and Elk Management Plan and the draft Comprehensive Conservation Plan. 
• Retained and provided a link to the original Bison and Elk Management web page (http://www.fws. 

gov/bisonandelkplan/) that was developed during the planning process. The web site includes links to 
the Final Plan/EIS, Record of Decision, Federal Register Notice of Availability for both the Record of 
Decision and Final Plan/EIS, associated news releases, public meeting highlights, and other related 
documents. Note: the National Elk Refuge does not manage the site. 

 
Additional Outreach Opportunities 

 
• Public meetings in Jackson and other identified locations. 
• Service produced video; video could be posted to the National Elk Refuge’s multimedia web page, or 

USFWS Mountain–Prairie home page “Top Video” feature. 
• Live radio interview on KHOL (Jackson, WY radio) 
• Wyoming Public Radio interview with Refuge management staff 
• Interviews with local print media sources 
• Updates at community leader meetings such as Rotary Club, Jackson Hole Chamber of Commerce board 

meetings, and interagency breakfast meetings (with Federal agencies and local elected officials). 
 
Target Audiences 
 
Internal 
• Regional and National USFWS Leadership 
• Refuge permanent staff 
• Refuge seasonal staff 
• Refuge volunteers 
 
External 
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• Congressional representatives 
• State of Wyoming leadership 
• Federal agency partners, particulary Grand Teton National Park and the Bridger–Teton National Forest 
• Wyoming Game & Fish Department 
• Other NER partners, including county and town agencies and local nonprofit organizations 
• Local elected officials 
• Private landowners in proximity to the National 
• Elk Refuge or neighboring Federal lands 
• Tribes 
• Local and state media 
• Local public 
 
Key Outreach Topics 
 
• Overview of BEMP objectives 
• Strategy to change elk/bison behavior 
• Threat of disease 
• Natural mortality rates 
• Anticipated winter distribution changes for bison/elk 
• Mitigate negative effects on private lands 
• Change elk behavior and distribution while avoiding increased mortality. 
• Explain the historic reasons a supplemental feeding program began and why it was continued.   
• Explain the NER’s limited large ungulate carrying capacity and the disproportionate impact of bison 

on available forage; 3 elk = 1 bison. 
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APPENDIX 4.  Models 

Elk winter distribution model 
 
The proportion of the JEH that winter on the NER will be linked to factors hypothesized to influence elk 
winter distribution (Fig. 2) using a generalized linear mixed effects model (GLMM). A GLMM can account 
for a proportional response variable (i.e., constrained to the interval 0–1) using a log link and binomially-
distributed errors. A GLMM also includes fixed and random effects, with the latter capturing residual 
model variance otherwise not explained by fixed effects. Year will be including as a random effect, 
providing several benefits. First, we don’t assume years are independent and comprise all of the factor 
levels of interest. Instead, the effect of year is treated as a random variable, with individual year effects 
realizations of that distribution. This allows inference to non-sampled factor levels, i.e. years, by 
estimating a latent population-level proportion of elk expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect can be considered a latent variable describing elk 
behavior manifested as observed winter distribution. Second, because year effects are not treated as 
independent, estimated effects of year on the proportion of JEH elk wintering on the NER are 
dependent on all factor levels, leading to greater precision when estimating individual year effects (Kéry 
2010).  
 
The full GLMM incorporating fixed effects for each factor identified as influencing elk winter distribution 
(Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 + 
𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝑆𝑆𝑡𝑡 + 𝜀𝜀𝑡𝑡 

 
where the random intercept and residual model variance are 
 
𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0

2 ), and 
 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
 
Fixed effects include 1) per capita available forage at initiation of winter feeding (AFI) , 2) proportion of 
the JEH that are short-distance migrants (SDM), 3) number of wolf packs present on JEH native winter 
range (WP), 4) growing season (May–August) precipitation for the Wyoming Snake Drainage climate 
division (GSP; a proxy for available forage on native winter range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. (2003) has as an output weekly available forage biomass 
for the NER (sum of predictions for 30 × 30 m cells). These predictions account for snow conditions using 
a proxy of SWE and decrement total available biomass by 35% to account for unpalatable plants within 
the total estimate.  
 
While calf survival is a function of multiple factors (Fig. 3), the primary management action influencing 
calf survival is supplemental winter feeding. Current winter feeding initiation criteria lead to calf survival 
generally higher than in unfed populations. Proposed feeding initiation criteria will result in later 
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initiation of supplemental feed, which will be most influential to calf survival. There is currently little 
understanding regarding the relationship between initiation of winter feeding and calf survival, except 
that current feeding initiation criteria result in high calf survival. We believe a threshold level of 
available forage at initiation of winter feeding exists such that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized to decline quickly with reductions in available forage 
at winter feeding initiation. Available forage at the initiation of winter feeding will be related to on elk 
calf winter survival using a saturating function (i.e., Holling type-II functional response; Fig. 6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf survival is related to available forage. Maximum calf survival 
is a, and b represents the value of available forage to an individual when survival is 50% of a (Hilborn 
and Mangel 1997).  
 
Although this approach doesn’t capture forage deficits per se, it does provide a potentially sensitive 
proxy for this concept. It is assumed that a forage deficit for calves would occur at a point on the curve 
of the relationship between calf survival and available forage at initiation of supplemental feeding. 
Modeling the response of winter calf elk survival to changes in feeding initiation criteria facilitates our 
ability to maximize the influence of feeding initiation criteria on winter distribution while minimizing the 
likelihood of a large mortality event.   
 

 
 Hypothesized relationship between winter survival of elk calves and per capita available forage at initiation of 
winter feeding on the National Elk Refuge.  
 

 

 



From: Steve Kallin
To: Mike Blenden
Cc: Ryan Moehring
Subject: RE: Elk Management Communications Plan
Date: Wednesday, April 27, 2016 11:16:18 AM
Attachments: COPY NER AMP Draft v2.2 8-24-15.docx

Mike/Ryan:
 
Attached is the latest version of the Draft Step Down Plan.  I would be happy to briefly discuss the
essence of the proposed changes and anticipated objections by those opposed to a change.  I can
also update you on the WGFD Elk Herd Objective meeting on Monday (see today’s previous email). 
 
Take care,
 
Steve Kallin
Project Leader

National Elk Refuge

PO Box 510

675 East Broadway

Jackson, WY 83001

Phone: (307) 201-5409

Fax: (307) 733-9729

steve_kallin@fws.gov

 
From: Blenden, Mike [mailto:mike_blenden@fws.gov] 
Sent: Wednesday, April 27, 2016 10:46 AM
To: Steve Kallin
Cc: Ryan Moehring
Subject: Re: Elk Management Communications Plan
 
Steve,
 
Will has directed me to start drafting a communication plan for implementing the step down
plan in the event the state does not support.  This is a challenge and Ryan and I just need to
look at it to get a start understanding  how management may change, etc.  We won't distribute
to anyone, just need to understand it.
 
On Wed, Apr 27, 2016 at 10:39 AM, Steve Kallin <steve_kallin@fws.gov> wrote:
Ryan:
 
We are still awaiting a reply from one of our agency partners before we finalize the step-down plan. 
Hopefully we will receive a response by the second week in May and will be able to better predict its
completion. 
 
Steve Kallin
Project Leader

National Elk Refuge

PO Box 510

675 East Broadway

Jackson, WY 83001

Phone: (307) 201-5409

Fax: (307) 733-9729



steve_kallin@fws.gov

 
From: Ryan Moehring [mailto:ryan_moehring@fws.gov] 
Sent: Wednesday, April 27, 2016 10:31 AM
To: Lori Iverson
Cc: Mike Blenden; Steve Kallin
Subject: RE: Elk Management Communications Plan
 
Thanks, Lori. This is very helpful.
 
Is it possible to get a copy of the draft step-down plan? 

Also, a question for the group: do we have an ETA on when that plan is going to be finalized?
 
Thanks,
Ryan
 
Ryan Moehring
Public Affairs (ND, SD, WY, MT)
U.S. Fish and Wildlife Service
Mountain-Prairie Region
303-236-0345
 
From: Iverson, Lori [mailto:lori_iverson@fws.gov] 
Sent: Tuesday, April 26, 2016 1:37 PM
To: Ryan Moehring
Cc: Mike Blenden; Steve Kallin
Subject: Re: Elk Management Communications Plan
 
I had started a comm plan for the Bison & Elk Management Step Down Plan several months
ago but also was in a holding pattern until I had more details. I've attached the draft I had
roughed out.
 
Lori

Lori Iverson
Outreach & Visitor Services
U.S. Fish & Wildlife Service 
National Elk Refuge
PO Box 510 / 675 East Broadway
Jackson, WY 83001
Phone: 307.201.5433
Cell: 307.690.4375
Fax: 307.733.9729
lori_iverson@fws.gov
National Elk Refuge photo gallery
National Elk Refuge web site
Twitter: @NatlElkRefuge
 
 
If I ever go looking for my heart's desire again, I won't look any further than my own back yard. Because if it isn't
there, then I never really lost it to begin with."  - Dorothy Gale, The Wizard of Oz



 
 
 
 
On Tue, Apr 26, 2016 at 12:26 PM, Ryan Moehring <ryan_moehring@fws.gov> wrote:
Hi Mike,
 
As discussed, Will has requested that we develop a communications plan for the NER’s new
management strategy for supplemental feeding. I’m happy to take the lead on this, working
closely with you, Steve and Lori, but before we can move forward I’ll need to know just what
that strategy entails. You mentioned a draft plan. How may I acquire a copy of that? My very
basic understanding of our proposed management change is that we are going to reduce
feeding – starting later and ending later in the year, increasing monitoring, and hiring
seasonals to assist surrounding private landowners with fence repairs and other activities to
reduce and prevent conflicts. But that is all I know. If you or Steve could please provide me
with as much specific detail as possible, including proposed timeframes, that would be very
helpful.

Once I have a better handle on all of that, perhaps we can have a call to discuss various
approaches? 

Thank you!
Ryan 
 
Ryan Moehring
Public Affairs (ND, SD, WY, MT)
U.S. Fish and Wildlife Service
Mountain-Prairie Region
303-236-0345
 
Web |Facebook | Twitter | Flickr | YouTube 
 
 

 
--
Michael Blenden
Refuge Supervisor - Montana, Wyoming and Utah
134 Union Boulevard
Lakewood, CO  80228
303-236-4306
303-710-7934 cell
 
Too often we...enjoy the comfort of opinion without the discomfort of thought.
John F. Kennedy
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EXECUTIVE SUMMARY  
 

Overview 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNPGRTE) published a 
Record of Decision (ROD; USFWS and USNPS 
2007a) for a bison and elk management plan.  
The Bison and Elk Management Plan (BEMP; 
USFWS and USNPS 2007b) was developed to 
guide management of the Jackson bison and elk 
herds on NER and GTNPGRTE lands, focused on 
four broad goals related to: 1) habitat 
conservation; 2) sustainable populations; 3) 
numbers of elk and bison; and 4) disease 
management.  The final plan directed the NER 
and GTNPGRTE (in conjunction with the Wyoming 
Game and Fish Department: WGFD) to maintain 
the state’s elk herd objective of 11,000; establish 
a bison population objective of 500; restore 
habitat on the NER and in GTNPGRTE; continue 
hunting bison and elk on the NER; continue the 
elk reduction program, when necessary, in 
GTNPGRTE;  allow the WGFD to continue to 
vaccinate elk and bison for brucellosis using 
existing vaccines until more effective vaccines 
become available; and develop a dynamic, 
structured framework and adaptive management 
plan for decreasing the need for supplemental 
feeding on the NER. This Bison and Elk 
Management Stepdown Plan was developed to 
address the latter and specifically addresses the 
criteria for a structured framework referenced in 
the Record of Decision. 
 
Background 
Winter feeding of elk in Jackson was originally 
initiated to reduce winter mortality of elk and 
minimize depredation of ranchers’ hay.   The loss 
of available winter range in Jackson Hole due to 
new ranching operations and a growing town 
resulted in significant numbers of elk dying during 
several severe winters in the late 1800s and early 
1900s. This prompted local citizens and 
organizations, as well as state and federal officials 
in Jackson Hole, to begin feeding elk in the winter 
of 1910–11. Congress heeded the appeals for 

assistance and on August 10, 1912, established 
the National Elk Refuge. Today, the need for the 
refuge’s winter elk feeding program is a direct 
result of reduced access to significant parts of elk 
native winter range, loss of historic migration 
patterns, behavioral conditioning of elk to winter 
feeding, and the desire to maintain a population 
objective established in the context of 
supplemental feeding. 
 
Bison were extirpated outside Yellowstone 
National Park (YNP) by the mid-1880s but in 1948 
were reintroduced to Jackson Hole when 20 bison 
from (YNP) were released near Moran, Wyoming.  
The herd remained small until discovering elk 
feedlines in 1980, when the population began 
sustained population growth.  Bison and elk that 
winter on the NER are migratory and occupy 
summer ranges predominantly to the north. 
 
While there have been many benefits associated 
with wintering large numbers of elk and bison on 
the NER, high animal concentrations have created 
an unnatural situation that has contributed to an 
increased risk for potentially major outbreaks of 
exotic diseases, damage to and loss of habitat 
due to browsing of willow, cottonwood, and 
aspen stands, thereby reducing other wildlife 
associated with woody vegetation, unusually low 
winter mortality, which affects predators and 
other species and requires intensive hunting 
programs, and a high level of brucellosis in elk 
and bison herds. 
 
 
Objectives 
This stepdown plan addresses several objectives 
under a broader BEMP goal of sustainable 
populations, which directed the agencies to: 1) 
Develop a dynamic, structured frameworkn 
adaptive management plan for reducing NER 
supplemental feeding; 2) [implement a] phased 
reduction of animals on feed: a) Phase 1, to 5,000 
elk and 500 bison, and b) Phase 2 [to a point 
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where] elk and bison rely predominantly on 
native habitat; 3) maintain natural elk bull-to-cow 
ratios in park summer herd; and 4) Enhance 
public outreach/education.  The BEMP further 
stated that consideration criteria for 
implementing the 2nd phase of reduced feeding 
wouldill include some or all of: 1) the level of 
forage production and availability on the National 
Elk Refuge and adjacent winter ranges, 2) 
maintenance of desired herd sizes and age/sex 
ratios, 3) the ability to effectively mitigate of 
bison and elk livestock conflicts, such as co-
mingling with livestock on  private lands during 
high risk disease transmission periods, 4) 
maintaining desirable winter distribution patterns 
of elk and bison, 5) the prevalence of brucellosis, 
chronic wasting disease, and other wildlife 
diseases, and 6) public support.   In short, the 
overall objective of this plan is to provide a path 
for progressively transitioning from winter 
feeding of elk and bison on the NER to greater 
reliance on free-standing forage, while 
maintaining population and herd ratio 
objectives and public support. 
 
Strategies 
 Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and even abundant during some years. 
Attempting to modify this behavior on a large 
scale is unprecedented and will necessarily 
require investigation, constant evaluation, 
modifications to approach when indicated, and 
repeated trials.   
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in 

GTNPGRTE, and on non-federal lands in 
collaboration with land owners and WGFD. 
Primary management practices that can be 
altered to achieve reduced reliance of bison and 
elk on supplemental feed fall into the  3 broad 
categories of 1) timing and intensity of winter 
feeding, 2) timing and intensity of hunting, and 3) 
herd segment specific and overall harvest levels. 
 
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes. Rather than basing 
progress toward the number of elk on feed for 
the entire season on those present during the 
day of the survey only, we will use a more 
meaningful measurement. Since we are more 
interested in the intensity of elk feeding 
throughout the entire feeding period, which 
includes both the number of animals on feed and 
the duration of feeding, we will use a 
measurement of elk-fed-days (EFD; the total 
number of elk fed per day per season) as a gauge 
of feeding intensity (see monitoring section).  For 
example, if 5,000 were elk fed for 100 days 
during the winter, feeding intensity for that 
winter would equal 5,000 elk X 100 days = 50,000 
EFD, whereas if 5,000 elk were fed for 50 days, 
EFD would equal 25,000.  We determined feeding 
intensity benchmarks for bison and elk-fed based 
on an actual average of 64 days of feeding from 
1995-2007.  Based on the Phase I objectives of 
500 bison and 5,000 elk, fed-days benchmarks 
would be 64 x 500 = 32,000 for bison and 64 x 
5,000 = 320,000 for elk.  These values will assist in 
determining efficacy of strategies toward 
reducing reliance of both species on 
supplemental winter feeding. 
 
Initial success of AMPMSP implementation will be 
a consistent decline in the 3-year running average 
of elk and bison fed days from the established 
baseline. While the BEMP did provide specific 
measurement criteria for the definition of 
“transitioning from intensive supplemental 
winter feeding to greater reliance on free-
standing forage” we will consider this objective 
met when the 3-year running average of elk and 
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bison fed days is <50% of baseline for 5 years in a 
row.   
 
Chronic Wasting Disease.  CWD has been 
detected within 40 miles of the JEH in moose, 
within 70 miles in deer, and within 175 miles in 
elk. Continued surveillance at sample sizes 
sufficient to detect 1% prevalence with 95% 
confidence will take place.  Some aspects of CWD 
response planning could change depending on 
the outcome of the WGFD CWD management 
plan revision process. 
 
Winter Feeding.  Initially, supplemental feeding 
will be delayed by approximately 2 weeks, 
depending on several variables (Table 4, Fig. 910).   
Time of season could influence this interval, most 
likely shortening it as the feeding initiation date 
gets later.  During the last 20 years, feeding 
initiation dates, which have been based on forage 
availability, have varied from December 30 to 
February 28.  Delaying feeding by two weeks in 
January, for example, is likely to be more 
successful than doing so in February, when food 
stress and tendency for animals to move to 
private lands is greater.  Forage availability could 
also have an influence, particularly if a freeze 
thaw event resulted in an acute and large 
reduction in available forage.  Both time of 
season and forage availability considerations 
would be affected by the numbers of elk and 
bison on the NER.  And finally, the distribution of 
animals, particularly on private, livestock 
producing lands, would be considered.  
Monitoring programs will include measures of 
calf mortality and it will be an influencing 
parameter in feedback mechanisms.  The BEMP 
anticipated that elk mortality could increase from 
1-2% overall to 1-5%. 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32% based on an average 

feeding season length of 9.3 weeks from 1995-
2015. 
 
Harvest.  Few options for manipulating elk 
hunting are currently available because the JEH is 
at or near the 11,000 WGFD objective.  Proposed 
changes include allowing limited any elk permits  
and consideration of a bow season near 
developments on the NER, and shifting the 
season later to better coincide with migration 
timing.   
 
Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 
 
Recent trends of reduced use of traditional 
winter range and increases in short-distance 
migrant summer herd segments have led to 
significant increases of winter elk concentrations 
on the NER. Serious consideration should be 
given to reducing the Jackson Elk Herd population 
objective, which would provide level of harvest 
flexibility more commensurate with addressing 
these herd changes. 
 
Bison hunts on the NER (bison hunting is 
prohibited in GTNPGRTE) would see little initial 
change (Table 4).  Consideration would be given 
to later hunt end dates commensurate with 
delayed feeding, and possible escorted hunting in 
the South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  Serious consideration should be given to 
reducing the bison herd population objective in 
the future to lower winter NER forage 
consumption and help reduce elk and bison 
winter concentrations.  Genetic diversity could be 
addressed by periodically introducing bison from 
other herds. 
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Effectiveness of NER late-season harvest regimes 
is affected by December 1st winter closures 
immediately east of the refuge on BTNF lands.   
Extensive elk telemetry data suggest that 
delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Private Lands Mitigation.  Several strategies 
would be employed to mitigate likely changes in 
bison and elk distribution, including providing 
incentives for non-breeding cattle operations, 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, 
hazing elk/bison away from livestock feed lines 
and purchasing private lands easements to 
prevent co-mingling. A vital component in 
implementing these mitigation measures is to 
establish three seasonal wildlife conflict 
technician positions supervised by WGFD.  
 
Vegetation Restoration. [to be completed after 
these sections are drafted in the plan] 
 
Strategies Considered But Rejected 
 
Strategies considered by rejected included 
fertility control in elk and bison, agency reduction 
of either elk or bison, and altering rations of 
supplemental feed. 
 
Models and Monitoring 
 
Models will be used to identify the relative 
influence of our principal management strategy 
(a reduction in feed season length) and other 
factors on winter elk distribution (Appendix 3).  
Over time this will allow us to assess whether 
changes in elk distribution were the result of our 
management actions or due to factors outside of 
our control. 
 
A robust monitoring program will be necessary to 
track the effects of actions implemented under 

this plan.  Critical monitoring components will 
include: 1) enhanced forage production and 
availability sampling; 2) measuring animal 
abundance and distribution including differences 
in some sex and age classes; determining elk and 
bison fed days each feeding season; 3) estimating 
winter mortality; 4) brucellosis seroprevalence 
rates; and 5) CWD surveillance.  In many cases, 
attribute baselines for the period preceding 
implementation of this plan have been developed 
for comparison after the plan is implemented.     
 
Evaluation/Future Management 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Actions completed each year, the results of 
monitoring programs, and any proposed changes 
in course will be presented in an annual adaptive 
management stepdown plan update/report, 
completed by NER staff by the end of March for 
the previous year.  
 
Public Outreach/Education 
 
De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.  The general public and 
especially key stakeholder groups must 
understand the biological needs for and 
strategies of the AMPMSP in order to gain 
general consent to modify longstanding elk/bison 
herd management methods.  A detailed 
communication plan has been developed that 
identifies key messages and utilizes a variety of 
outreach methods, including print, video, and 
voice material, utilizing social media, and 
meetings with elected officials, state and local 
governments, agency and tribal partners, 
community organizations, stakeholders, and the 
general public. 
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Schedule 
 
Assuming adequate funding, actions under this 
plan will begin with radio-collaring elk in February 
2016, followed by public outreach, private lands 
conflict mitigation and contacts, and enhanced 
forage monitoring in March 2016, and initiating 
supplemental feeding changes in January 2017. 
 
Budget 
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INTRODUCTION 
 
In 2007, the National Elk Refuge (NER) and Grand 
Teton National Park (GTNPGRTE) published a 
Record of Decision (ROD; USFWS and USNPS 
2007a) for a bison and elk management plan.  
The Bison and Elk Management Plan (BEMP; 
USFWS and USNPS 2007b) was developed to 
guide management of the Jackson bison and elk 
herds on NER and GTNPGRTE lands.  It included 
directives for forthcoming development of 
adaptive management practices to address 
several objectives in the plan, including a desired 
future condition of elk and bison relying 
predominantly on native forage.  This Bison and 
Elk Management StepdownAdaptive 
Management Plan has been developed expressly 
for that purpose.    
 
Bison and Elk Populations  
 
While Jackson Hole is probably best known for 
the splendor and ruggedness of the Teton Range, 
the Jackson bison and elk herds rank among the 
top characterizing features of the valley. Both 
figure prominently in Jackson Hole’s history and 
culture, although bison were absent from the 
valley for about 100 years between the mid-
1800s and mid-1900s.  
 
The Jackson elk herd occupies approximately 
8,000 km2 in the upper Snake River watershed 
north of the town of Jackson (Fig. 1).  Much of the 
herd is migratory, moving between distinct 
wintering and summer ranges.  Primary wintering 
areas include the Buffalo Valley, lower elevations 
of the Gros Ventre River drainage, the National 
Elk Refuge (NER), and areas adjacent to the NER 
on Bridger-Teton National Forest (BTNF) lands.  
Summering areas occur throughout the herd’s 
range and for convenience are divided into 
fiveour geographic regions that include Grand 
Teton National Park (GTNPGRTE), Yellowstone 
National Park (YNP), the Gros Ventre drainage, 
and Teton Wilderness, and Southwest Boundry 
area, which includes private and public lands in 
the vicinity of GRTE’s southwest boundary.   

 
In the late 1800s, when elk populations all over 
North America were being extirpated, the 
residents of Jackson Hole protected elk from 
“tusk hunters” and large-scale commercial 
hunting operations. Elk are just as important to 
today’s residents of the valley. Thousands of 
people each year have the opportunity to see elk 
at close range on the refuge while riding on 
horse-drawn sleighs. Thousands of pounds of 
shed elk antlers are sold at an annual antler 
auction each spring in the town square. Elk are 
important to backcountry users as well as to 
people that never leave the road. Jackson Hole is 
a popular destination for instate and out-of-state 
elk hunters.  The draw of elk to visitors 
contributes significantly to the local economy. 
 
Winter feeding of elk in Jackson Hole began in 
1910 and was originally initiated to reduce winter 
mortality of elk and minimize depredation of 
ranchers’ hay. According to historical reports, 
before Euro-American settlement some Jackson 
elk wintered in the southern portion of Jackson 
Hole (present location of the NER town of 
Jackson) and may have used areas outside 
Jackson Hole, including the Green River and Wind 
River basins to the south and east, respectively, 
and the Snake River basin to the southwest in 
what is now eastern Idaho (Allred 1950; 
Anderson 1958; Blair 1987; Barnes 1912; Sheldon 
1927).  Radio-collar studies have documented 
small numbers of Jackson elk wintering in each of 
these areas in recent times as well (NER and 
GRTE, unpublished data citations). Over time, 
changes in land use and development in these 
areas, over hunting, and establishment of 
feedgrounds probably reduced the use of these 
areas by Jackson elk. 
 
By the end of the 19th century the Jackson elk 
herd was believed to be largely confined to 
Jackson Hole and the immediately surrounding 
area, where wintering conditions are often harsh. 
Compounded by the loss of available winter 
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range in Jackson Hole due to new ranching 
operations and a growing town, significant 
numbers of elk died during several severe winters 
in the late 1800s and early 1900s. This prompted 
local citizens and organizations, as well as state 
and federal officials in Jackson Hole, to begin 
feeding elk in the winter of 1910–11. Congress 
heeded the appeals for assistance and on August 
10, 1912, appropriated $45,000 for the purchase 
of lands and maintenance of a “winter game (elk) 
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reserve” (37 Stat. 293). The first winter census in 
the area was conducted in 1912 and showed 
about 20,000 elk residing in Jackson Hole and the 
Hoback River drainage (the latter is not within the 
Jackson elk herd’s range). 

 
Today, the need for the refuge’s winter elk 
feeding program is a direct result of reduced 
access to significant parts of elk native winter 
range, loss of historic migration patterns, 

  

Figure 1.  Jackson elk and bison herd ranges, including the National Elk Refuge, Grand Teton and 
Yellowstone National Parks, and Bridger-Teton National Forest. [include bison range, labels for continental 
divide and Bridger-Teton National Forest, and in Legend Jackson elk herd unit]. 
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behavioral conditioning of elk to winter feeding, 
and the desire to maintain a population objective 
established in the context of supplemental 
feeding.  Its population in recent times has 
fluctuated nearboth above and below its herd 
objective of 11,000 adopted by the WGFD (Fig. 2) 
 
An iconic symbol of the American West, bison are 
also popular with visitors and residents. Because 
so few opportunities remain to see bison in the 
wild, viewing and photographing them in Grand 
Teton National Park with the Teton Range in the 
background is a treasured opportunity for many 
of the valley’s visitors. Similar to elk, there is also 
a high level of interest in bison hunting. Bison are 
of particular interest to nearby American Indian 
tribes and tribes in other parts of the United 
States because the animals are central to their 
culture and tradition. 
 
Bison are native to Jackson Hole, as evidenced by 
the presence of prehistoric bison remains 
throughout the valley, but were extirpated 
outside Yellowstone National Park by the mid-
1880s. In 1948, 20 bison from Yellowstone 
National Park (YNP) were reintroduced to the 
1,500-acre Jackson Hole Wildlife Park near 
Moran. The Jackson Hole Wildlife Park was a 
private, non-profit organization sponsored by the 
New York Zoological Society, the Jackson Hole 
Preserve, Inc., and the Wyoming Game and Fish 
Department (WGFD).  A population of 15–30 

bison was maintained in a large enclosure there 
until 1963, when brucellosis was discovered in 
the herd (likely transferred with the original 20 
animals from YNP). At that time, all the adult 
animals were destroyed, but four vaccinated 
yearlings and five vaccinated calves were 
retained. In 1964 twelve certified brucellosis free 
bison from Theodore Roosevelt National Park 
were added to the herd. In 1968 the herd (down 
to 11 animals) escaped the confines of the 
wildlife park, and a year later the decision was 
made to allow them to range freely. The 
expansion of GTNPGRTE in 1950 had enveloped 
the Wildlife Park, and allowing the bison to free 
range was and remains consistent with National 
Park Service wildlife management policy. The 
herd remained small and wintered mostly in the 
Snake River bottoms in GTNPGRTE until 1975, 
when it followed the winter environmental 
gradient to the NER and began wintering there. 
The use of standing forage by bison on the NER 
was viewed as natural behavior thus acceptable 
to managers. In 1980, however, bison discovered 
and utilized supplemental feed provided for elk, 
and they have continued to do so every winter 
since. 
 
The discovery of supplemental feed by bison has 
had several consequences, including a significant 
increase in the population’s growth rate (Fig 3). 
Bison on the elk feedlines have at times disrupted 
feeding operations and displaced and injured elk. 
To minimize conflicts between bison and elk, 
managers have provided separate feedlines for 
bison since 1984. As the population has grown, 
separating elk and bison on feedlines has become 
increasingly difficult, and a variety of feeding 
strategies are employed to help reduce 
displacement of elk.  
 
As the herd has grown it has maintained fairly 
stable movement patterns, wintering almost 
entirely on the NER and summering within 
GTNPGRTE and adjacent lands on the BTNF (Fig. 
1). 
 
While there have been many benefits associated 
with wintering large numbers of elk and bison on 

 
Figure 2.  Winter counts, population estimates, and 
herd objective for the Jackson elk herd, 2000-2015.  
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the NER, high animal concentrations have created 
an unnatural situation that has contributed to an 
increased risk for potentially major outbreaks of 
exotic diseases, damage to and loss of habitat 
due to browsing of willow, cottonwood, and 
aspen stands, thereby reducing other wildlife 
associated with woody vegetation, unusually low 
winter mortality, which affects predators and 
other species and requires intensive hunting 
programs, and a high level of brucellosis in elk 
and bison herds. 
 
Planning History 
 
Jackson’s bison and elk populations have been 
the subject of previous planning efforts.  Elk 
management and research has been guided by 
the Jackson Hole Cooperative Elk Studies Group 
since it was established in 19583 [verify date].  
The group consists of biologists and agency 

administrators from the National Elk Refuge, 
Grand Teton and Yellowstone National Parks, the 
Bridger-Teton National Forest, and Wyoming 
Game and Fish Department, who meet at least 
annually to coordinate management of the 
population and its habitat.  Coordination of bison 
management began soon after they started 
frequenting the NER in 1976 and using 
supplemental feed provided to elk in 1980 (Fig. 
3).  Release of an “Interim” plan that called for 
maintaining a herd of 90-110 bison while data 
were gathered for a long term plan occurred in 
1988.  It was followed by implementation of a 
sport hunt outside GRTE, administered by WGFD.  
This plan was halted after litigation in which the 
plan’s violation of NEPA was successfully argued 
by plaintiffs. 
 
In 1996, after considerable herd growth, a new 
long term management plan and environmental 

 

Figure 3.  Population growth and planning history for the Jackson bison herd, 1948-2015. 
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assessment for the Jackson bison herd was 
released (Fig 3).  This plan had strong support and 
called for maintaining a herd size of 350-400 
bison, but it was shelved a year later when 
plaintiffs from the earlier litigation successfully 
argued that, because the plan failed to consider 
the effects of feeding elk on bison management, 
it also violated NEPA and was not sufficient.  This 
led to development of the draft bison and elk 
management plan and environmental impact 
statement from 2000-2006 and release of the 
final plan in 2007 (Fig 3). 
 
The 2007 Bison and Elk Management Plan (BEMP; 
USFWS 2007) considered six alternatives for 
bison and elk management focused on four broad 
goals related to: 1) habitat conservation; 2) 
sustainable populations; 3) numbers of elk and 
bison; and 4) disease management.  The primary 
management scenarios presented in the 
alternatives included the status quo, terminating 
elk and bison hunting on the NER and the elk 
reduction program in GTNPGRTE, brucellosis 
vaccination options, restoring habitat, improving 
forage, and decreasing or phasing out 
supplemental winter feeding.   
 
The final BEMP (USFWS 2007; 
www.fws.gov/bisonandelkplan) which set 
management direction for 15 years or until a 
subsequent plan is developed, proposed to 
maintain the state’s elk herd objective of 11,000, 
establish a bison population objective of 500, 
restore habitat on the NER and in GTNPGRTE, 
continue hunting bison and elk on the NER, 
continue the elk reduction program in 
GTNPGRTE, when necessary, in concert with the 
parks enabling legislation (citation), allow the 
WGFD to continue to vaccinate elk and bison for 
brucellosis using existing vaccines until more 
effective vaccines become availablecontinue to 
vaccinate elk for and effective vaccine becomes 
available, and develop a dynamic framework and 
adaptive management plan for decreasing the 
need for supplemental feeding on the NER. This 
Bison and Elk Management Stepdown Plan was 
developed to address the latter and specifically 
addresses the criteria for a structured 

framework listed on page 5 of the Record of 
Decision (Fig. 4).  It does not address other on-
going bison and elk management actions already 
prescribed by the BEMP. 
 
The BEMP scheduled the completion of thean 
Adaptive Management Management Stepdown  
Plan for 2008.  However, litigation challenging the 
BEMP in 2008 led to the decision to postpone its 
development until litigation was resolved.  As of 
March 2015, two court rulings have upheld the 
2007 BEMP and ROD. In a lawsuit against the  
BEMP and its author agencies (Defenders of 
Wildlife et al. v. the U.S. Department of Interior 
and State of Wyoming 2010), plaintiffs argued 
that the BEMP violated the National Wildlife 
Refuge System Improvement Act (National 
Wildlife Refuge System Improvement Act 1997) 
by disrupting the biological integrity of the 
Refuge, and that the plan and the accompanying 
EIS violated NEPA because they were 
insufficiently detailed to allow a reasonably 
complete discussion of mitigation. The crux of the 
plaintiff’s argument was that the plan did not set 
a specific date for the cessation of supplemental 
feeding. In response, the agencies argued that 
the plan constituted a valid exercise of discretion 
and that it and the EIS were sufficiently detailed 
to satisfy the requirements of NEPA.  In March 
2010 the United States 4th District Court sided in 
favor of the agencies in this case.  In 2011 the 
plaintiffs appealed this ruling to the United States 
4th Circuit Court.  The Circuit Court affirmed the 
District Court ruling (Defenders of Wildlife et al. v. 
the U.S. Department of Interior and State of 
Wyoming 2011).   
 
National Environmental Protection Act 
Compliance 
 

The 2007 BEMP/EIS and Final Record of Decision 
(ROD) satisfied NEPA requirements for current 
bison and elk management through a detailed 
analysis of alternative management actions and 
their likely effect on the environment, and 
substantial involvement of the public in the 
process. This adaptive management stepdown 
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plan is does not duplicate or add to this process.  
It is designed to carefully tier off of the BEMP as a 
dynamic implementation guide to one part of the 
preferred alternative outlined in the BEMP ROD.  
As such, references to NEPA covered in the BEMP 
will be included where necessary in this 
document, and the discussion of any action that 
would require additional NEPA compliance will be 
explicitly stated as such in that context.   

Adaptive Management Stepdown Planning 
 
The use of Aadaptive management plans hasve 
gained popularity in natural resource 
management planning because, by definition, 
they allow modifications of strategy based on 

monitoring results and outcomes toward 
reaching specific goals or objectives. TheFour 
elements generally included in an re are four 
essential elements to an adaptive management 
approach include: 1) well defined and mutually 
agreed upon objectives, 2) knowledge (including 
descriptive models) of the dynamics of the 
system being managed, 3) clearly articulated 
management actions and strategies, and 4) a 
monitoring program to evaluate responses of the 
system to management actions (Walters 1986).  
 
 This step-down plan utilizes adaptive 
management planning principles but is not 
intended to includemeet all of the adaptive 
management planning elements outlined in the 

 

Figure 4.  Adaptive mManagement stepdown planning for supplemental feeding on the National Elk 
Refuge and its relationship to the 2007 Bison/Elk Management Plan and Environmental Assessment.  
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Department of Interior Adaptive Management 
Technical Guide (2007).  This Step-Down Plan is 
more accurately described as a “structured 
framework” of adaptive management actions 
that progressively transitions from supplemental 

winter feeding to greater reliance on free-
standing forage (BEMP ROD p.5).     
 
 

 
OBJECTIVES 
 
The management direction and desired 
conditions stated in the BEMP called for the NER 
and GTNPGRTE staffs to work with others 
(agencies, partners, etc) to “adaptively manage 
elk and bison in a manner that contributes to the 
State’s herd objectives yet allows for the biotic 
integrity and environmental health of the 
resources to be sustained,” so that the public can 
enjoy a variety of compatible wildlife-dependent 
recreational opportunities.  Under the BEMP’s 4 
primary goals, 20 associated objectives were 
identifiedaddressed (Table 1).  This adaptive 
management stepdown plan addresses four 
objectives under the goal of sustainable 
populations (Fig. 5). 
 
The reduction of animals on feed at the NER was 
proposed to be spread over two phases.  In Phase 
1 of the second objective, the aim is to reduce 
the average number of elk on feed to 5,000 
(while maintaining WGFD’s 11,000 elk herd 
objective), and reduce the winter population of 
bison to the BEMP recommended and WGFD- 

adopted objective of 500. In Phase 2, the overall 
objective is to reduce the reliance of bison and 
elk on supplemental feed (USFWS and USNPS 
2007a).  Desired conditions include animals 
relying predominantly on native habitat and 
cultivated forage. Important consideration 
criteria for implementing Phase 2 will include: 1) 
the level of forage production and availability on 
the National Elk Refuge and adjacent winter 
ranges, 2) maintenance of desired herd sizes and 
age/sex ratios, 3) the ability to effectively 
mitigate bison and elk livestock conflicts, such as 
co-mingling on on private lands during high risk 
disease transmission periods, 4) maintaining 
desirable winter distribution patterns of elk and 
bison, 5) the prevalence of brucellosis, chronic 
wasting disease, and other wildlife diseases, and 
6) public support.   In short, the overall objective 
of this plan is to outline a frameworkprovide a 
path for progressively transitioning from winter 
feeding of elk and bison on the NER to greater 
reliance on free-standing forage, while 
maintaining population and herd ratio objectives. 
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This Plan focuses on management actions to 
initially achieve Phase 1 objectives. However, if 
successful, these actions will continue to be used 

to achieve the Phase 2 objective of reducing 
reliance on supplemental feeding while 
considering the six criteria listed above.      

 

Table 1.  2007 Bison/Elk Management Plan 
Goals and Objectives (Adaptive Management 
Stepdown Plan objectives shaded) 
Goal: Habitat Conservation 
   Objectives: 

• Conserve important private lands. 
• Increase forage production. 
• Minimize non-native plants. 
• Protect sagebrush grasslands. 
• Restore willow, aspen, and 

cottonwood. 
• Perpetuate natural mosaic of plant 

communities. 
Goal: Sustainable Populations 
   Objectives (BEMP pages 135-136): 

• Develop structured frameworkadaptive 
management plan for reducing NER 
supplemental feeding. 

• Phase reduction of animals on feed: 1) 
to 5,000 elk and 500 bison, and 2) elk 
and bison rely predominantly on native 
habitat. 

• Maintain natural bull-to-cow ratios in 
park summer herd. 

• Ensure a genetically viable bison herd 
with close to an even sex ratio. 

• Enhance public outreach/education. 
Goal: Elk and Bison Numbers 
   Objectives:  

• Maintain state elk herd objective of 
11,000. 

• Maintain a genetically viable bison 
population of about 500 animals. 

Goal: Disease Management 
   Objectives: 

• Manage brucellosis transmission risk 
from elk and bison to livestock. 

• Manage feeding to reduce brucellosis 
transmission among bison and elk. 

• Educate hunters about wildlife disease 
human health hazards. 
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MANAGEMENT ACTIONS AND STRATEGIES 
 
Background 
 
Elk have been fed for some period during nearly 
every winter on the National Elk Refuge since 
1912, and bison have been fed there since 1980.  
The attraction of highly nutritious, easily 
accessible food during a time of year when 
natural forage is typically most limited is 
powerful to both species, and their knowledge of 
its existence has been passed down through 
generations.  As a result, elk and bison have been 
strongly conditioned to seek supplemental food 
on the NER, even when natural forage is available 
and even abundant during some years.  Because 
it is largely unprecedented, the concept of 
modifying this behavior on such a large scale is 
daunting and fraught with questions for which 

there is no answer.  In some cases, the likelihood 
a specific management strategy’s success will 
only be able to be roughly estimated, and 
unanticipated results are likely.  The 
management stepdown approach will necessarily 
be one of investigation, constant evaluation, 
modifications to approach when indicated, and 
repeated trials (Fig 4).  As such the approach will 
also be experimental, guided by rigorous analysis 
and design, based on abundant empirical 
information, and monitored at an intensity 
commensurate with necessary decision making. 
 
Since this plan is centrally tied to supplemental 
winter feeding on the NER, its focus will be on 
lands under NER authority.  However, some 
strategies will also incorporate activities in 

 

     Figure 5.  Relationship of Adaptive Management Plan to the 2007 Bison/Elk Management plan goals, phasing 
     of objectives, and consideration criteria for reducing the reliance of elk and bison on supplemental feed during 
     phase 2. 
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GTNPGRTE, and on non-federal lands in 
collaboration with land owners and WGFD. 
Primary management practices that can be 
altered to achieve reduced reliance of bison and 
elk on supplemental feed fall into the  3 broad 
categories of 1) timing and intensity of winter 
feeding, 2) timing and intensity of hunting, and 3) 
herd segment specific and overall harvest levels.  
 
Important Changes Since 2007 
 
The BEMP was developed based on data 
collected and knowledge that existed up until its 
Record of Decision in 2007.  Since then, 
important changes have taken place, some of 
which are advantageous to this effort and, some 
of which are not. 
 
A primary change that will facilitate meeting 
objectives under this plan is the reduction of the 
bison population from nearly 1,200 animals in 
2007 to about 700 during winter 2014-2015 (Fig. 
3) through hunting programs administered by 
WGFD.  Licensing changes were enacted in 2014 
to help increase harvest of female bison. These 
included a reduction in the bison cow/calf license 
fee (from $416 to $263 for residents and $2522 
to $1022 for non-residents) and eliminating the 
once-in-a-lifetime restriction on a successful 
bison hunter to only those that successfully 
harvested a bull. Continued progress toward the 
500 animal herd objective will require sustained 
harvest success. 
 
During the same period, the Jackson elk herd has 
declined from nearly 13,000 to its objective of 
11,000, but because the proportion of the 
Jackson Elk Herd that winters on NER has 
increased dramatically (Fig. 6), this will make 
achieving the Phase I objective of 5,000 elk on 
feed and any future elk population reductions 
more difficult.   Preliminary modeling suggests 
that the increasing proportion of the Jackson Elk 
Herd wintering on NER has been associated with 
1) changes in elk winter distribution associated 
with wolves (NER, unpublished data) and 2) high 
numbers of elk that summer immediately 
adjacent to NER (Cole and Foley et al. 2015).   

 
Refuge-wide herbaceous forage production 
averaged 14,387 (SD = 4125) tons during 1998–
2013. In recent years irrigation of approximately 
3,600 acres has increased refuge-wide forage 
production by approximately 10% compared to 
what would have been produced with 
precipitation alone, and by 15% in the southern 
portion of NER which receives the greatest use by 
elk and bison. 
 
Since 2007, the general awareness of climate 
change among the public has greatly increased. A 
strong, credible body of scientific evidence shows 
that climate change is occurring, is caused largely 
by human activities, and poses significant risks for 
a broad range of human and natural systems 
(National Academy of Science 2010).  Ecological 
systems in the GYE are likely to be affected and 
associated changes maywill have implications for 
elk and bison management. 
 
Current Management 

Ongoing primary management actions on the 
NER include winter feeding, harvest, irrigation, 
and hazing. In GTNPGRTE, harvest of elk during 
the Elk Reduction Program takes place, when 
necessary, in collaboration with WGFD, and 
restoration of previously cultivated and irrigated 
sagebrush-grasslands is ongoing.  Fundamental 
components of each of these will be briefly 
described below to provide a basis for 
comparison to adaptive management stepdown 
strategies that will follow.  
 
 Chronic Wasting Disease 
Supplemental feeding has occurred in all but 9 
winters on NER since 1912, and although this 
strategy minimizes winter elk mortality from 
starvation and contributes to Wyoming state elk 
herd objectives, elk occur at numbers and 
densities well in excess of carrying capacity 
(Smith et al. 2004, Lubow and Smith 2004).  
Considerable evidence suggests that Chronic 
Wasting Disease (CWD) transmission and 
prevalence are density dependent (Peters et al. 
2000, Williams et al. 2002).  Monello et al. (2014) 
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found that elk densities of 15-110 per square km 
in Rocky Mountain National Park were associated 
with 13% CWD prevalence, and they predicted 
elk population declines when CWD prevalence 
exceeded 13%. NER elk densities commonly 
exceed 160 per square km (NER unpublished 
data), which suggests that the introduction of 
CWD to NER elk would have significant negative 
population effects over time. 
 
Winter Feeding 
Initiation of feeding has the primary objectives of 
1) minimizing elk winter mortality, focusing on 
calves since they are the most susceptible age 
class, and 2) minimizing comingling of elk with 
cattle on nearby adjacent private lands. Winter 
feeding begins when available forage reaches 
approximately 300 lbs/ac. Historic radio 

telemetry data and observations of elk 
movements indicate that when available forage 
delclines below 300 lbs/ac., some elk leave NER 
for surrounding private lands. Therefore, the 
purpose of this feeding trigger is to keep elk on 
the NER and prevent them from searching off-
refuge for forage which increases the potential of 
comingling.  This trigger is not a warning that a 
significant nutritional deficit threshold has been 
reached.  Available winter forage for elk and 
bison on the NER is largely determined by 
biomass of forage produced during the previous 
growing season, rate of forage consumption 
during fall and winter, and how snow conditions 
affect forage availability.  
 
Forage biomass estimates are calculated annually 
based on sampling at index sites. Index sites are 
selected subjectively each year based on 
presence of vegetation highly palatable to elk.  
 
During 1995–2013, on average, initiation of NER 
winter feeding occurred on 28 January (range 30 
December - 28 February), and feeding was 
terminated on 3 April (range 20 March - 20 April). 
Variation in feeding initiation and termination 
dates has been based on winter conditions and 
elk-cattle comingling problems on nearby private 
lands. Coordination of winter feeding dates on 
the NER and WGFD-operated Gros Ventre 
drainage feedgrounds (Alkali, Patrol Cabin, Fish 
Creek) occurs annually to help minimize 
movement of elk between these areas. This 
coordination will continue regardless of the 
management strategy employed. The relationship 
of recent elk numbers and objectives for NER and 
WGFD-operated feedgrounds and native range is 

Table 2. Annual distribution of wintering elk from the Jackson Elk Herd during February 
classification counts, 2011–2015, relative to the current objective. 
  OBJECTIVE 2011 2012 2013 2014 2015 mean 
NER 5,000 7,746 7,360 6,285 8,296 8,390 7,615 
Gros Ventre 3,500 2,775 3,265 2,982 2,326 1,162 2,502 
Native Range1 2,500 982 894 1,784 801 913 1,075 
Total 11,000 11,503 11,519 11,051 11,423 10,465 11,192 
1Excludes objectives for native range adjacent to Gros Ventre feedgrounds. 

 
 

 

Figure  6.  Increasing trend of National Elk Refuge elk 
on feed as a proportion of the Jackson Elk Herd 
estimated population size.  
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shown in Table 2. 
 

Bison discovered refuge feeding operations in 
1980, and since that time they have been fed  
each year to help minimize disruption to elk 
feeding operations. Because bison displace elk 
from feedlines, NER staff attempt to feed most 
bison in the northernmost refuge feedground and 
to provide a heavy feed ration, which helps keep 
them in this area. This strategy prevents bison 
from mingling with elk and also prevents bison 
from moving to areas where conflicts with 
humans are more likely. 

Bison are fed as necessary to help minimize 
disruption to elk feeding operations. Bison will 
readily displace elk from feedlines, so since bison 
started using feedlines in 1980 refuge staff have 
developed a strategy of keeping most bison at 
the northernmost feedground (McBride) by 
feeding them there prior to feeding elk. Bison are 
provided a ration consistent with encouraging 
them to stay in this area away from elk feeding 
areas.  This has also reduced conflicts associated 
with bison moving into Jackson or to the Nowlin 
area of the NER where commercial sleigh rides 
occur.  

Harvest 

Total harvest of the JEH was gradually reduced 
over the last decade as the population neared 
objective (Fig. 7). Elk hunting on the NER (Hunt 
Area 77) typically begins in mid-October and ends 
in mid-December, with peak harvest in recent 
years occurring in late November to early 
December.  From 2005 to 2011 an average of 393 
(SD = 56, range 329-457) hunters harvested 161 

(SD = 38, range 126-225) elk per year during the 
NER hunt.  

The 1950 legislation that created Grand Teton 
National Park provided for a controlled reduction 
of elk, when necessary, in specific portions of the 
park, primarily east of the Snake River.  Elk 
reduction programs have taken place in the park 
each year since 1950 except two (1959, 1960), 
when GTNPGRTE and WGFD officials agreed a 
reduction was not necessary (Figure 8).  Season 
dates have varied over the years but recently 
have run from mid-October to early-December.  
The GTNPGRTE harvest accounts for about 25% 
of the JEH overall harvest, thus has been an 
important factor in regulating the population.  
Increased natural regulation, likely a result of 
increases in grizzly bears and wolves over the last 
20 years, has decreased the need for large 
harvests in the park. 
 
Bison hunting begins on August 15 and ends in 
early to mid-January.  Most harvest occurs on the 
NER, with some additional harvest on private and 
BTNF lands.  Since resuming the bison hunt in 
2007, mean harvest has been 210 (SD = 45.5, 
range 139-301) bison per year.  This level of 
harvest has been sufficient to arrest the 
exponential growth of the population, reducing 
bison numbers from the peak in 2007 to about 
700 animals in winter 2015 (Fig 3). Tribal bison 
harvest of up to 5 animals for ceremonial 
purposes was authorized in the BEMP.  
Translocation of wild bison to lands outside of 
Teton County is not currently permitted due to 
brucellosis concerns.  
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Bison hunting is not allowed in GTNPGRTE 
because of long standing National Park Service 
policy that prohibits most hunting in national 
parks.  Bison quickly learned to take advantage of 
the parks safety, which has made obtaining 
hunter harvest goals difficult.  Many bison stay in 
the park during the hunting season, with only 
occasional short term movements to the NER, 
until severe winter conditions occur. In response, 
NER and WGFD managers attempt to balance 
extending the hunt as late in January as 
practicable without conflicting with winter 
feeding. The unpredictable nature of winter 
conditions that time of year makes this a risky 
proposition, and can result in the use of 
emergency season extensions or reductions.  
 
Hazing 
NER staff haze elk and bison to conserve winter 
forage, prevent year round use of winter range, 
and in some cases to prevent elk and bison from 
moving to private lands or other areas where 
conflicts with humans are likely.  Hazing using 
ATVs has proven most effective. The strategy is 
typically employed during 3 time periods: 1)In 
May to move elk and bison off NER that are 
lingering on NER winter range; 2) In July when 
some bison typically return to NER; and 3) In the 
period just prior to feeding initiation when elk 

and bison are most likely to leave NER for private 
lands. 
Elk and bison are hazed in spring to encourage 
movement off of NER winter ranges. Methods 
used have included ATVs, on foot, and on 
horseback, but recently ATV use has been found 
most effective. It’s possible that some elk and 
bison might remain on the NER year around 
without hazing.  If animals fail to leave the NER 
following the termination of feeding and 
adequate green-up has occurred, they are 
typically hazed to the north in late April to early 
May.  Elk will stay off the NER until fall migration, 
and bison will generally remain in GTNP until mid-
July. From July to early August bison often make 
forays back to the NER and are hazed back to 
GTNP to protect winter forage. Hazing efforts in 
August cease several days to weeks before the 
bison hunting season in an effort to increase 
hunter harvest.  
 
Vegetation Restoration and Protection 
The BEMP identified approximately 4,0500 acreas 
of previously irrigated and cultivated grasslands 
in GTNPGRTE in need of restoration to native 
sagebrush grasslands community.  Objectives of 
ecological restoration include restoring 
abandoned hayfields to native communities to 
improve wildlife forage and habitat, and visitor 
opportunities to enjoy wildlife viewing.  After 2 
years of research and field studies, restoration 
efforts began in 2008.  The restoration process 
involves several steps including: prescribed fire, 

 

Figure 7.  Estimated elk harvests for Grand Teton 
National Park and the Jackson elk herd (including the 
park) 2000–2014. 
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  Figure 8.  Elk harvest in Grand Teton National Park, 
  1950-2015. 
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herbicide applications, cereal grain cover crops, 
and finally native seeding. Substantial progress in 
this endeavor has been made since 2007, 
including:   Currently, 1,184 acres of previously 
cultivated lands are under restoration treatment.  
Of the 1,184 acres undergoing treatment, 657 
acres has been seeded with native grass, shrub, 
and select fob mixes.  One hundred of these acres 
are currently fenced to reduce grazing pressure 
from bison and other ungulates.  The remaining 
527 acres will be seeded once removal of the 
invasive vegetation is successful.  All treatments 
are monitored for native plant establishment and 
invasive plant infestations and treatments will be 
adjusted as necessary.  The park will continue to 
seek funding for additional restoration of the 
remaining areas.    Substantial progress in this 
endeavor has been made since 2007, including: 
[GTNP folks please add short description of 
methodological research and implementation, 
followed by what remains to be accomplished] 
 
Private Lands Mitigation 
Fencing of hay stacks and livestock feedlines has 
been historically used to mitigate particularly 
difficult conflicts on private lands. Targeted 
fencing of golf course greens and sand traps fall 
through spring has also been successful in some 
situations for mitigating elk and bison presence 
and associated damage in these areas. It is 
important to note that the county has a ‘wildlife-
friendly’ fence policy and does not support 
extensive fencing that is impermeable to wildlife. 
 
Methods, Assumptions, and Constraints 
Common to All Strategies 
  
Measuring the success of strategies toward 
objectives will require knowledge of several bison 
and elk herd attributes, particularly population 
sizes.  Measurements of the Jackson bison herd 
will be based on the annual mid-winter census 
and sex and age classification survey performed 
by NER, GTNPGRTE, and WGDF biologists.  This 
survey occurs one day in early February and 
includes ground counts of animals on feed at the 
NER and aerial counts of outlying bison across 

their winter ranges on the refuge, park, and 
Bridger-Teton National Forest. 
 
 Elk population estimates will also be based on 
mid-winter aerial and ground counts.  However, 
the mid-winter counts are undertaken during a 
single survey period and do not necessarily 
represent either peak or cumulative abundance 
of elk on feed. Rather than basing progress 
toward the number of elk on feed for the entire 
season on those present during the day of the 
survey only, we will use a more meaningful 
measurement. Since we are more interested in 
the intensity of elk feeding throughout the entire 
feeding period, which includes both the number 
of animals on feed and the duration of feeding, 
we will use a measurement of elk-fed-days (EFD; 
the total number of elk fed per day per season) as 
a gauge of feeding intensity (see monitoring 
section).  For example, if 5,000 were elk fed for 
100 days during the winter, feeding intensity for 
that winter would equal 5,000 elk X 100 days = 
500,000 EFD, whereas if 5,000 elk were fed for 50 
days, EFD would equal 250,000. 
 
We determined feeding intensity benchmarks for 
bison and elk-fed based on an actual average of 
64 days of feeding from 1995-2007.  Based on the 
Phase I objectives of 500 bison and 5,000 elk, fed-
days benchmarks would be 64 x 500 = 32,000 for 
bison and 64 x 5,000 = 320,000 for elk.  These 
values will assist in determining efficacy of 
strategies toward reducing reliance of both 
species on supplemental winter feeding. 
 
Implementation of the AMPMSP will have 
successfully attained the objective of 
“transitioning from intensive supplemental 
winter feeding to greater reliance on free-
standing forage” when supplemental feeding was 
not used for more than 50% of the years in a 5 
year period. 
 
Initial success of AMPMSP implementation will be 
a consistent decline in the 3-year running average 
of elk and bison fed days from the established 
baseline. While the BEMP did provide specific 
measurement criteria for the definition of 

Commented [S7]: SK’s draft. 

Commented [S8]: SC’s alterative in this paragraph, recognizing 
that the 50% number is the crux and a glaring target. 
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“transitioning from intensive supplemental 

winter feeding to greater reliance on free-
standing forage” we will consider this objective 
met when the 3-year running average of elk and 
bison fed days is <50% of baseline for 5 years in a 
row.   
 
Several management constraints are common to 
the strategies discussed below (Table 3).  Many 
law and policy constraints are applicable but we 
include here only those most pertinent.  
Endangered Species Act (16 USC 1531 et seq.) 
requirements for wolves, grizzly bears, lynx, and 
others apply.  Lynx requirements for maintaining 
certain habitat types could limit methods used 
and areas considered for habitat improvements 
in GTNPGRTE.  Similarly, compliance with the 
Wyoming greater sage-grouse core area 
protection executive order (2011-5 and 
supplement 2013-3) could restrict habitat 
manipulations.  NEPA compliance conducted as 
part of the BEMP/EIS constrains what federal 
actions can be taken as a part of this plan.  State 
regulations constrain late (winter) hunt and 
carcass disposal timing to protect against 
brucellosis contamination, since February-April 
represent the period bison and elk are most likely 
to transmit the disease.  Restrictions on hunting 
timing also result from BTNF winter range 
closures, immediately east of the NER and 
elsewhere, December 1 to April 30.  Additional 
details about these and other constraints will be 
included in discussions about specific strategies 
that follow. 
 
Strategies 
 
This section will describes the management 
action this ASMP proposes to implement.  As 
such, it unveils the heart of management changes 
proposednecessary to begin the process of 
transitioning to more greater reliance of bison 
and elk on native forage during winter.  
Fundamentally, the strategies discussed in this 
plan represent an experiment designed to 
achieve Phase I objectives of 5,000 elk and 500 
bison on NER and are a first step towards 
reducing reliance on supplemental feeding while 

Table 3. Summary of potential Adaptive 
Management Plan constraints.  
Policy 
• ESA1 Lynx – limits on habitat impacts 
• Greater Sage Grouse – core area protection 
• 2007 BEMP/EIS (federal actions/lands) 

o No fertility control 
o No test and slaughter 
o Limited tribal harvest 

• Bison/elk hunt end date (Feb. 1st)  
o WGFD, brucelosis safety 

• Carcass disposal (Feb. 15th) 
o WGFD, brucellosis safety 

• Forest Service winter closure  
(Dec. 1st – April 30th) 

• Easement limitation (NER boundary) 
Winter Feeding 
• Only during non-hunting periods 
Harvest 
• State regulations 
Vegetation Restoration/Protection 
• Bison/elk distribution 
• Exotic plant species management 
Private Lands  
• Owner agreements 
Social 
• Hunter density (safety; hunt quality) 
• Elk/bison winter mortality levels 
• Public safety (ungulate/vehicle collisions) 
• Disease  
• Land-use conflicts (agricultural and  

residential) 
Biological 
• Disease (bison/elk/cattle commingling) 
• Sage grouse habitat conflicts 
• Fencing/wildlife conflicts 
• Elk herd distribution 

o summer segment distribution goals 
Funding 
• Easement purchase 
• Plan implementation 
1Endangered Species Act 
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meeting the sustainable population goals 
identified in the ASMP. 
 
Initial strategies for achieving sustainable 
population goals identified in the BEMP (Table 1) 
are presented by objective below.  The primary 
management actions available to the agencies to 
achieve phase I objectives are modifications to 
winter feeding and hunting seasons.  To a lesser 
extent, vegetation protection and restoration can 
be important, particularly for improving long-
term ecological balance and enhancing natural 
production of native forage.  Private lands are 
also an integral component as changes in elk and 
bison distribution occur and new challenges 
develop.  The likely consequences of 
implementing these strategies were evaluated in 
the BEMP.  The most relevant of these are 
summarized in Appendix 1. 
 
Objective: [Implement] a phased reduction of 
animals on NER feed: 1) to 5,000 elk and 500 
bison, and 2) [to an extent where] elk and bison 
rely predominantly on native habitat (Table 1). 
 
This objective is what the need for an adaptive 
management plan – this document – is central 
to.  The first phase objective will be to reduce the 
number of elk on NER feed to approximately 
5,000 and achieve a target population of about 
500 bison.  The second phase objective will be to 
adaptively manage bison and elk populations to 
achieve desired conditions, with animals relying 
predominately on available native habitat (on 
refuge, park, and forest lands) and cultivated 
forage (on the NER).   
 
As previously mentioned, the concept of reducing 
winter feeding after more than 100 years of the 
practice, and the associated behavioral 
conditioning of elk and bison to its presence, 
represents a formidable challenge that must be 
approached cautiously and systematically. The 
strategies discussed below have been developed 
in this context, with appropriate feedback 
mechanisms through rigorous monitoring and 
frequent evaluation.  Inability to meet this 
objective under the strategies presented here 

would trigger a thorough evaluation and 
development of more aggressive strategies. 
 
Chronic Wasting Disease 
The BEMP states that “If [CWD] infection is found, 
strategies from the state’s Chronic Wasting 
Disease Management Plan (WGFD 2006) will be 
implemented to reduce transmission (BEMP 
p.127). 
 
 
In 2014 WGFD began the revision process for the 
Wyoming CWD Management Plan (2006), which 
to date has not been completed.. WGFD has 
cooperated with federal agencies and other 
stakeholders to revise the plan, and NER and 
USFWS Region 6 Wildlife Health Office staff 
participated in several meetings associated with 
this effort.  One goal of the CWD Management 
Plan update is to develop specific management 
responses should CWD be detected on or 
adjacent to State or NER elk feedgrounds.  Early 
detection of CWD in the JEH is essential to ensure 
an effective management response. 
 
When completed, the State of Wyoming’s 
updated Chronic Wasting Disease Management 
Plan will be evaluated to determine if these new 
strategies will be implemented on the NER or if 
other strategies will be used. 
 
 
Since 1997 NER has cooperated with Wyoming 
Game and Fish Department (WGFD) to conduct 
surveillance for CWD in the JEH unit. GRTE has 
also collaborated with WGFD to collect samples 
from the park’s elk reduction program and from 
road-killed cervids.   Although this effort indicates 
that CWD is not currently found in the JEH, 
continued surveillance at sample sizes sufficient 
to detect 1% prevalence with 95% confidence 
annually will be critical to ensure a timely 
management response and limit the long-term 
population effects of the disease (USFWS and 
NPS 2007).  Given that CWD has been detected 
within 40 miles of the JEH in moose, within 70 
miles in deer, and within 175 miles in elk, this 
level of surveillance is warranted.   
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Winter Feeding 
Winter feeding actions that could be modified 
include starting date, ending date, and daily 
ration.  To modify elk and bison behavior in the 
long run, delaying initiation of feeding is likely to 
have the greatest impact by gradually 
conditioning them to expect feed later on 
average, with the desired outcome of building a 
cohort of animals that rely primarily on native 
winter range and are not food conditioned. To 
reduce supplemental feeding overall, ending 
feeding early would also help decrease the 
amount of feed provided per animal per year.  
Both would help decrease the total elk/bison fed 
days, the parameter we will use to measure 
progress toward reducing supplemental feeding.   

 
Initially, supplemental feeding will be delayed by 
approximately 2 weeks, depending on several 
variables (Table 4, Fig. 9).   Time of season could 
influence this interval, most likely shortening it as 
the feeding initiation date gets later.  During the 
last 20 years, feeding initiation dates, which have 
been based on forage availability, have varied 
from December 30 to February 28.  Delaying 
feeding by two weeks in January, for example, is 
likely to have fewer negative effectsbe more 
successful than doing so in February, when food 
stress and tendency for animals to move to 
private lands is greater.  Forage availability could 
also have an influence, particularly if a freeze 
thaw event resulted in an acute and large 
reduction in available forage.  Both time of 
season and forage availability considerations 
would be affected by the numbers of elk and 
bison on the NER.  And finally, the distribution of 
animals, particularly on private, livestock 
producing lands, would be considered. 
 
A primary concern of manipulating feeding is elk 
winter mortality, particularly among calves.  As 
food becomes limited in winter, calves are usually 
the first to experience nutitional deficit and 
winter mortality suffer because of being 
displaced by more dominant animals.  Monitoring 
programs will include measures of calf mortality 

and it will be an influencing parameter in 
feedback mechanisms.  The BEMP anticipated 
that elk mortality could increase from 1-2% 
overall to 1-5% (Appendix 1). 
 
Initially, the termination of feeding, which is now 
based on a snow cover index and subjective 
evaluation of available forage, will occur about a 
week earlier.  The combination of a 2 week delay 
in feed initiation and 1 week advance in 
termination would shorten the feeding season by 
3 weeks on average, or 32% based on an average 
feeding season length of 9.3 weeks from 1995-
2015. 
 
The AMSP winter feeding strategy would include 
the establishment of additional key forage index 
sites and on-going measurements at those sites 
throughout the winter. 
 
Harvest 
Currently the Jackson elk herd is at the Wyoming 
Game and Fish Commission established objective 
of 11,000 animals, which means there is less 
flexibility in manipulation of harvest regimes than 
there would be if the herd was above objective.  
Initially there would be little change in elk harvest 
programs on the NER, with the exception of 
allowing a limited number of any elk permits 
throughout the season, considering allowing bow 
hunting near developed areas (roads and 
buildings) and shifting the season about a week 
later (Table 4).  Allowing a limited number of any 
elk permits would be consistent with providing 
sport hunting recreation on National Wildlife 
Refuges (citation, NWR system act) and the NER 
(citation, CMP?), and possibly encourage more 
hunters to participate in antlerless elk hunts.  
Monitoring programs and consideration of bull 
ratios in the GTNPGRTE summer segment (since 
most park bulls migrate to the NER) would help 
inform levels of take proposed.  Bow hunting in 
areas currently closed to firearms will likely 
increase harvest by eliminating “no-hunt” areas 
which can become sanctuaries for large numbers 
of elk. Shifting the hunt one week later is 
consistent with later migrations and will improve 
harvest effectiveness (Fig. 9). 
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General elk harvest patterns in GTNPGRTE would 
continue to be based on need for harvest, 
summer segment population estimates, and 
mitigation for impacts on other resources and 
visitor activities.  
 
Elk herd population objectives are reviewed 
every five years by the Wyoming Game and Fish 
Commission and adjusted as necessary.  Serious 
consideration should be given to reducing the 
Jackson Elk Herd population objective.  Lowering 
the population would help compensate for 
reduced use of traditional native winter range 
and increased growth of short-distance migrants 
which has led to significant increases of winter 
elk concentrations on the NER.    
 
The annual fall/winter arrival of elk to the NER 
during the past several decades has been 
occurring progressively later.  This trend may 
necessitate extending the elk hunting season 
later into the year to achieve harvest objectives.    
 

Bison hunts on the NER (bison hunting is 
prohibited in GTNPGRTE) would see little initial 
change (Table 4).  Consideration would be given 
to later hunt end dates commensurate with 
delayed feeding, and possible escorted hunting in 
the South Unit to help with distribution or 
discouraging bison from attempting to leave the 
NER via the south boundary into the town of 
Jackson.  If progress toward reaching the herd 
objective of 500 animals continues and the 
objective is reached in the near future, WGFD  
will adjust harvest quotas in the context of the 
objective, as necessary, to address population 
changes through time.  State quotas will likely be 
reduced and management flexibility will increase. 
 
A cattle guard will be installed on the Refuge 
Road near the east end of Broadway Avenue to 
help prevent bison and elk herds from entering 
the Town of Jackson.  This will reduce the 
potential for dangerous human/wildlife 
interactions.  
 
Serious consideration should be given to reducing 
the bison herd population objective in the future.  
This would lower winter forage consumption on 
the NER and help reduce elk and bison winter 
concentrations.    
 
The current bison herd objective is “. . . maintain 
and ensure a genetically viable population of 
approximately 500 animals (five-year average), 
with as close to an even sex ratio as possible to 
maximize maintenance of genetic variation over 
time. . .” (BEMP p. 136).    
 
The Jackson bison herd is not considered part of 
the U.S. Fish and Wildlife Service’s meta-
population approach to bison conservation 
because of its high prevalence of brucellosis.  This 
disease prevents the export of Jackson bison to 
other DOI conservation herds. 
 
The 500 bison population objective was set 
primarily to preserve existing genetic diversity 
assuming extremely limited natural genetic 
transfer with the Yellowstone or other DOI bison 
conservation herds.  Genetic diversity can be 

 

Figure ?9. The percentage of elk that wintered 
on NER counted there on December 1, showing 
progressively later  annual fall/winter arrival of 
elk to the NER during the past several decades 
has been occurring progressively later.  This 
trend may necessitate extending the elk hunting 
season later into the year to achieve harvest 
objectives. 
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maintained for a Jackson bison herd less than 500 
if bison with desirable genetic diversity are 
periodically imported from other DOI bison 
conservation herds.  
 
Currently, the effectiveness of NER late-season 
harvest regimes is affected by December 1st 
winter closures immediately east of the refuge on 
BTNF lands.   Extensive elk telemetry data suggest 
that delaying the winter closures could aid elk 
management objectives.  NER officials will work 
with BTNF and WGFD officials to explore the 
possibility of allowing hunting in limited areas 
after December 1st in the future. 
 
Annual herd-wide population estimates, elk 
summer herd segment estimates in GRTE and 
NER, temporal and spatial harvest patterns, and 
animal-fed-days would be monitored, and the 
resulting information would be used to inform 
ongoing evaluation of adaptive elk and bison 
management harvest programs (Figs. 9 and 10). 
 
Hazing 
No change in hazing practices is anticipated 
initially under this adaptive management 
stepdown framework.   
 
Private Lands Mitigation 
Delaying the onset of NER feeding is likely to 
result in changes in bison and elk distribution 
(Appendix 1).  Some elk or bison may move to 
private lands in search of forage.  Of greatest 
concern is the potential for elk or bison to 
commingle with cattle of cow/calf operations, 
where brucellosis transmission could have 
considerable consequences, in the worst case 
requiring depopulation of the cattle herd.   
 
Several strategies would be employed to mitigate 
potential problems (Table 4), including providing 
incentives for non-breeding cattle operations 
(because brucellosis transmission to slaughter-
bound cattle is not economically important), 
increased fencing in some limited areas to 
separate elk/bison from livestock feed lines, haze 
elk/bison away from livestock feed lines and 

purchase private lands easements to prevent co-
mingling. A vital component in implementing 
these mitigation measures is to establish three 
seasonal Wildlife Conflict Technician positions 
which are supervised by the WGFD. These 
Technicians are also critical to the success of an 
expanded monitoring program vital to the 
AMPMSP (see Monitoring section below). 
 
A database will be established to track non-
agricultural conflicts on private lands to 
determine trends which will help evaluate the 
effectiveness of AMPMSP mitigation efforts.  
 
Preventing elk and especially bison from entering 
the Town of Jackson is essential in minimizing 
safety and private property conflicts.  Currently, 
bison are hazed northward when they drift south 
of Miller Butte.  A double cattle guard will be 
installed on the Refuge Road just north of 
Broadway Avenue.  This barrier is designed to 
prevent elk/bison from entering the Town of 
Jackson.    
 
Vegetation Restoration/Protection 
 
[NER and GTNPGRTE staff to draft material] 
 
Objective: Maintain natural bull-to-cow ratios in 
park summer herd (Table 1). 
 
National Park Service management policy (NPS 
2006) provides guidance for maintaining naturally 
regulated wildlife populations, free from the 
impacts of humans, to the greatest extent 
possible.  The final BEMP identified a goal of 
maintaining park elk bull:cow ratios (a common 
way of expressing sex and age ratios in wild 
ungulate populations) near 35 adult bulls per 100 
adult cows, based on estimates of what this ratio 
would be in a herd free from the effects of 
human harvest.  The sex and age ratios of most 
North American elk populations are affected by 
sport hunting and herd managers generally 
maintain lower bull ratios.  
 
Harvest 
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Based on bull ratios in the park summer herd that 
were chronically below 35 bulls:100 cows, permit 
types for the park’s elk reduction program (ERP)  
went to antlerless only in 2012.  ERP permit 
structures in the park will remain antlerless only 
unless the bull ratios consistently exceed 35:100 
cows.  Park and refuge officials will work together 
to support this goal, recognizing that bulls 
harvested on the NER are most likely from the 
park summer herd segment. 

 
A private lands Hhunting Ccoordinator Pposition, 
would be established and supervised by the 
WGFD, may be considered as need and 
opportunity arise.  This position would to 
promote and coordinate hunting activity focused 
on Southern Herd Segment harvest in and around 
private lands in the Spring Gulch Area north to 
Moose, WY (Hunt Area 78).    
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Table 4 [incomplete].  Comparison of current and adaptive primary management components and 
parameters. 

  
Action 

Current 
Management 

Adaptive 
Management 

Stepdown Plan 

  
Comments 

Winter Feeding:    
   Feed Pelleted alfalfa Pelleted alfalfa No change 
   Ration 8 lbs/day/elk 

20 lbs/day/bison 
8 lbs/day/elk 
20 lbs/day/bison 

No change, to 
minimize calf 
mortality  

   Start criteria:    
     Available standing forage 300 lbs/acre, as 

measured at traditional 
key index sites 

Generally 2 weeks 
later; index sites to be 
increased in number 
and distribution 

Influencing factors: 
- time of season 
- forage availability 
- numbers of elk/bison 
on NER 
- elk/bison distribution 

   End criteria:    
      Available forage Based on a snow cover 

index and subjective 
estimate of when 
residual or new forage 
is adequate 

Generally 1 week 
earlier 

 Development of more 
objective criteria for 
future implemen- 
tation ongoing 

Monitoring:     
  Animals on feed Mid-winter census Elk/bison fed days1  
  Proportion of JEH on NER 
  feed 

Mid-winter census Mid-winter census  

  Calf mortality threshold 2008-2015 Average: 
3.3% (range 1.1-9.0%) 

<= 10%  

  Elk/bison distribution - visual    
  Elk/bison distribution –  
  collars 

Almost no documented 
use of private lands 
during feeding 
operations 

Unknown, but likely 
higher use of private 
lands than current 
management 

 

  Elk Winter mortality (all age 
classes) 

2008-2015 Average: 
1.2% (range 0.6-1.9%) 

<=3%  

  Elk summer range segment 
  Proportions for NER 
wintering elk 

Approximately 
40% GTNP North of 
Moose 
35% South Snake River 
10%Gros Ventre/Flat 
Creek 
10% Teton Wilderness 
5% Southern 
Yellowstone1 

Unknown, but will be 
monitored based on 
summer distribution of 
radio collared elk 

 

    
Harvest, National Elk Refuge 
elk: 

   

   Frequency Annual Annual  
   Begin Date 2nd week October 3rd  week October Modified as necessary 
   End Date 2nd week December 3rd week December Modified as necessary 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
Stepdown Plan 

  
Comments 

Harvest, National Elk Refuge 
elk: 

   

  Refuge permit types - 1st week any elk 
- Antlerless only 
remainder of season 

- Primarily antlerless 
only  
- limited any elk 
permits throughout 
season 
 

 

   Access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

  Hunt area boundaries  Consider expanding to 
allow bow hunting near 
developed areas 

 

Harvest, National Elk Refuge 
bison: 

   

Frequency Annual Annual  
Begin date August 15th August 15th Modified as necessary 
End date 2nd or 3rd week January  Consider later dates as 

appropriate  
Modified as necessary 

structure As per WGFD  As per WGFD  
Refuge permit types Any bison or cow/calf 

per state license 
Any bison or cow/calf 
per state license 

 

access Restrict access to 
specific locations 

Restrict access to 
specific locations 

 

Hunt area boundaries Limited to north of 
Nowlin Creek area 

Consider escorted 
hunting in South Unit 
as needed 

Guided hunts in South 
Unit when authorized 

Harvest, Grand Teton NP elk:    
   Frequency As needed As needed  
   Begin Date 3rd week October 3rd week October Modified as necessary 
   End Date 2nd week December 2nd week December Modified as necessary 
   License types Antlerless only Antlerless only1  
   Special regulations: Cartridge limits Cartridge limits  
       Bear spray required Bear spray required  
 Hunter safety card 

required 
Hunter safety card 
required 

 

Harvest, Bridger-Teton NF, Elk 
Hunt Area 80: 

   

   Begin Date    
   End Date  December 15 Would require change 

in winter closure dates 
1Any elk licenses could be offered if bull ratios in the park consistently exceed BEMP criteria. 
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Table 4, continued.  Comparison of current and adaptive primary management components and parameters. 
  

Action 
Current 

Management 
Adaptive 

Management 
Stepdown Plan 

  
Comments 

Harvest, Elk Hunt Area 78    
   Structure   Changes at discretion 

of WGFD    License types   
    
Private Lands Mitigation:    
   Cattle commingling  Incentives for non-

breeding operation 
 

   Hay depredation  Increased fencing  
   Landscape damage    
   Easement acquisition    
    
Vegetation Restoration/ 
Protection: Elk Refuge 

   

    
Vegetation Restoration/ 
Protection: Grand Teton 
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Figure 910.  [example] Framework for delayed feeding strategy under and adaptive mManagement Stepdown 
Plan. 

 

Figure  110. [example] Framework for harvest strategy and adaptive under mManagement Stepdown Plan. 
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Strategies Considered But Rejected 
 
The BEMP considered several additional 
strategies for elk and bison management that, for 
a variety of reasons, were not selected for 
implementation in the preferred alternative and 
Record of Decision.  The agencies reconsidered a 

subset of these during the development of this 
AMPMSP (Table 5).  Since they were not part of 
the ROD, additional NEPA compliance would be 
necessary to incorporate any of them into this 
adaptive management stepdown plan, and thus 
they are not being considered at this time.   

 

MODELS OF SYSTEM DYNAMICS  
 
Models provide a simplified representation of the 
biological system being managed. Adaptive 
management uses models of the managed 
system to link the objective response (e.g., elk 
winter distribution) to changes in the system 
resulting from management actions (e.g., altered 
initiation and cessation of winter feeding). We 
will use modeling to quantify the effects of our 
management actions on 2 key repsonses of 
interest, elk distribution and winter elk calf 
mortality. 
 
Fig. 112 describes possible factors that affect 
winter elk distribution (the proportion of elk on 
NER feedgrounds versus native winter range). 

Models will be used to identify the relative 
influence of our principal management strategy 
(a reduction in feed season length) and other 
factors on winter elk distribution (Appendix 3).  
Over time this will allow us to assess whether 
changes in elk distribution were the result of our 
management actions or due to factors outside of 
our control.  
 
An increase in calf elk winter mortality is a 
potential result of reduced feed season length.  
Fig. 132 portrays factors that influence winter calf 
elk survival on NER.  
 

Table 5.  Strategies considered but rejected. 
Strategy Considered Reason Rejected 
Fertility control in elk Judged not reasonable or feasible in BEMP, primarily due 

to major technical, social, and financial hurdles1. For 
AMPMSP discussed primarily with regard to the difficult 
to harvest herd segment in Hunt Area 78 on private lands, 
where federal agencies have no jurisdiction.  

Fertility control in bison Impacts discussed at length in BEMP2. Not considered for 
AMPMSP because current hunting programs appear 
effective at slowly moving the herd toward the 500 
animal herd objective. 

Agency reduction of bison or elk Not considered necessary or desirable on federal lands 
because current hunting programs that utilize sport 
hunters are effective at meeting herd objectives. 

Altering rations of supplemental feed Rejected as a strategy because reducing daily feed ration 
below 8 lbs/elk would be enough feed to encourage elk to 
remain on NER but would result in unacceptably high elk 
calf mortality rates. 
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Models will be used to assess the effects of 
available forage on winter calf elk survival 
(Appendix 4).  Over time this will allow us to 
assess the effects of our principal management 
strategy (reducing feed season length) relative to 

winter elk calf survival. other factors on elk calf 
survival and potentially adjust our management 
actions based on model results. 
  

 
  

 

Figure 112.  Influence diagram depicting factors (including management actions) influencing outcomes 
identified in the Bison and Elk Management Plan (BEMP; USFWS 2007a). Gray hexagons represent outcomes, 
rectangles represent management actions, rounded rectangles represent factors with numerical objectives, 
and ovals represent factors outside of management control. Bolded polygons and arrows represent outcomes 
and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed rectangle) 
is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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MONITORING  
 
Feeding Initiation Monitoring 
 
NER uses weekly field estimates of the amount of 
forage available to elk to determine feeding 
initiation date.  Currently measurements are 
taken at key index sites representing areas 
preferred by elk on NER (see supplemental 
materials at end of this section).   These methods 
will be enhanced by 1) increasing the number of 
sampled sites to better represent the total 
amount of forage available to elk on the southern 
half of NER; 2) increasing the precision of 
estimates at each site by increasing the number 
of observers; and 3) extending the monitoring 
period later in the winter to assess the 
relationship between available forage and elk and 
bison distribution. 
 
To better represent the total amount of forage 
available on the southern half of NER, a 

subsample of current key index sites will be 
retained to facilitate comparison with historic 
data, but additional random sample sites 
stratified by elk habitat preference will be added.   
Historic elk distribution mapping and elk GPS 
collar data (NER unpublished data) suggest that 
the areas most preferred by elk on southern NER 
are associated with moderate to high forage 
production and green vegetation.  Because the 
distribution of forage production and greenness 
characteristics vary annually based on irrigation 
and precipitation patterns, we will annually map 
areas preferred and not preferred by elk and 
sample sites will be randomly selected within 
each of these mapped categories.   At least 3 
historic key index sites, 3 random sites in areas 
preferred by elk, and 3 sites in areas not 
preferred by elk will be sampled each week from 
late December through the initiation of 
supplemental feeding. 

 

Figure 123. Influence diagram depicting factors (including management actions) influencing bison and elk fed 
days on the National Elk Refuge (see text for description) and winter calf elk survival. Gray hexagons represent 
outcomes, rectangles represent management actions, rounded rectangles represent factors with numerical 
objectives, and ovals represent factors outside of management control. Bolded polygons and arrows represent 
outcomes and factors limited to the National Elk Refuge (NER). Available standing forage on the NER (dashed 
rectangle) is the BEMP criteria with a defined threshold to trigger initiation of supplemental winter feeding. 
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Currently the NER biologist is the only person 
trained in the techniques used to estimate 
available forage (see supplemental materials).  At 
least 2 additional personnel will be trained in 
these techniques.  This will provide a backup in 
the event of future personnel changes and will 
facilitate error estimates of the available forage 
measurements at each site.   
 
Currently NER and WYGFD biologists monitor 
available forage conditions at least weekly from 
late December until average available forage at 
key index sites nears the threshold level of 300 
lbs. per acre and feeding is initiated.  The 
principal AMPMSP strategy is to delay the 
initiation of supplemental feeding by 2 weeks 
after average forage production reaches the 300 
lbs. per acre level at key index sites.   Therefore 
the monitoring period will be extended to include 
the intervening 2 weeks.   
 
Proportion of Elk Wintering on NER 
 
A principal AMPMSP goal is to reduce the number 
of elk wintering on NER.  Our strategy will be to 
effect redistribution of elk to native winter range 
from NER over time via shortening the duration 
of the feed season, and thus slowly conditioning 
elk to seek food elsewhere.  As feeding periods 
are shortened, the probability of younger elk age 
classes discovering NER feedgrounds will be 
reduced, and, hypothetically, that proportion of 
the JEH that utilizes NER feedgrounds will decline 
over time. We will measure this effect by 
examining changes in the winter distribution of 
the JEH.  WGFD annual trend/classification count 
data provide a multi-year baseline data set to 
measure changes in the winter distribution of the 
JEH and categorizes observations by location.   In 
each year, we will calculate the proportion of 
total classified elk in the JEH that are classified on 
NER feedgrounds.  We will compare the 3-year 

running average post AMPMSP implementation 
to the pre-implementation baseline.  The 
pretreatment baseline will be comprised of data 
from 2008-2016, a time period that represents 
BEMP implementation prior to AMPMSP actions 
(Figure 13).   
 
Elk Fed Days and Bison Fed Days 
 
The BEMP and AMPMSP implicitly assume that 
the transmission rate and prevalence of elk and 
bison diseases are density dependent and 
positively correlated with the number of elk and 
bison utilizing feedgrounds and the number of 
days they are fed.  We further assume the 
variables elk-fed-eays (EFD) and bison-fed-days 
(BFD) are a proxy for these conditions. EFD and 
BFD will be calculated annually for each species 
based on the following formulas:  
 
 
 

 

Figure143. Proportion of the Jackson Elk Herd that was 
classified on NER feedgrounds in the period following 
implementation of the Bison and Elk Management Plan 
and prior to the implementation of the Adaptive 
Management Stepdown Plan (2008-2015).  These 
values represent the pretreatment baseline which will 
be compared to the 3 year running average post 
AMPMSP implementation. 
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EFD= ∑ Total elk counted on feed during daily 
feedground counts for duration of feed season 
 
BFD= ∑ Total bison counted on feed during daily 
feedground counts for duration of feed season 
  
Because EFD and BFD are influenced by feed 
season length and the number of animals on 
feed,  the AMSP strategy of delaying the initiation 
of supplemental feeding will inherently reduce 
the number of EFD and BFD through a reduction 
in average feed season length.  We believe that 
EFD will be further reduced by encouraging a 
greater proportion of the Jackson Elk Herd to 
winter on native winter range, thereby  reducing 
the number of elk occupying NER feedgrounds.  
We will evaluate changes in EFD and BFD by 

comparing the 3-year running average post AMSP 
implementation compared to mean EFD and BFD 
from 2008-2015.   The running average is an 
appropriate comparison because it will help 
account for wide annual variation in EFD and BFD 
associated with winter severity (Fig. 154) 
 
Elk Winter Mortality Monitoring 
 
NER has used consistent methods to monitor 
winter elk mortality since 1982.  Each winter NER 
biologists and other refuge staff conduct a survey 
of all non-hunting related winter elk mortalities 
that occur on NER from November through April.  
Mortalities are tallied by age/sex class and 
percent mortality is calculated using the 
corresponding number of elk classified on NER 
feedgrounds as the denominator.  We will 
continue to monitor elk winter mortality using 
the same methods post AMPMSP 
implementation, which will allow trend 
comparisons to the pre AMPMSP baseline (Figure 
15).  Under the AMPMSP framework, we believe 
the 3 year running averages for total and calf 
winter elk mortality will be within the range of 
variation exhibited by the pre AMPMSP baseline.  
Historic monitoring suggests that calf and total 
mortality are sensitive to winter severity and 
disease outbreaks, and that winter mortality 
occasionally exceeds >3% total mortality and 
>10% calf mortality.  Post AMPMSP mortality in 
excess of these levels may warrant shortening the 
2-week feeding initiation delay in subsequent 
years. 
 
Elk Collaring 
 
One of the AMSP’s principal strategies is to 
shorten the length of the feed season to 
encourage elk use of native winter range, but we 
anticipate that this strategy will also result in an 
increase in elk conflicts on surrounding private 
land in the town of Jackson and the Spring Gulch 
areas, potentially including large groups of elk.  
To quantify this effect and provide real time 
information to WGFD and NER managers to 
facilitate a response, we propose maintaining a 

 

 
 
Figure154. Elk Fed Days (EFD) and Bison Fed Days 
(BFD) in the period following implementation of the 
Bison and Elk Management Plan and prior to the 
implementation of the Adaptive Management  
Stepdown Plan (2008-2015).  These values represent 
the pretreatment baseline which will be compared to 
the 3 year running average EFD and BFD post 
AMPMSP implementation. 
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sample of 50 GPS collars on elk that winter on 
NER throughout the AMPMSP implementation 
period.  Forty -five elk represents approximately 
0.5% (1 in 200) of the NER winter elk population.  
This sample size will not be sufficient to detect all 
elk movements from NER to surrounding private 
lands, particularly movements by small groups of 
mature bull elk, but it will be sufficient to detect 
and quantify significant movements of 
cow/calf/yearling elk groups compared to pre-
AMPMSP baseline data.    
 
NER has elk GPS collar data available from the 
2008-2013, which represents the post BMP, pre 
AMPMSP baseline period.    We hypothesize that 
elk movements from NER to surrounding private 
lands will increase during the AMPMSP 
implementation period compared to the pre-
treatment baseline.  This will be tested by 
comparing the number of incidents that elk left 
NER for surrounding private lands (per elk/per 
year), and the proportion of elk GPS fixes on NER 
versus private lands during time periods of 
interest.  The principal time period of interest is 
late December-March because this represents 
the period after the NER elk hunting season, and 
prior to and during NER feeding operations.  This 

is the season when changes to the NER feeding 
program would be most likely to result in elk 
distribution changes. 
 
Fifty adult cow elk will be captured on NER 
feedgrounds during February-March 2016 and 
Telonics Iridium GPS collars will be deployed with 
a 90 minute fix collection interval. Given 83% 
annual survival for adult cow elk in the Jackson 
Elk Herd (Cole and Foley et al. 2015) and 3 year 
collar life, approximately 10 additional elk will 
need to be collared each year in winter 2017 and 
2018 to maintain the 50 elk desired sample size.   
 
Ancillary data that will be collected and analyzed 
during the elk capture and collar data analysis 
process includes brucellosis seroprevalence, 
pregnancy rate, and elk summer range 
determination for comparison to the findings of 
Cole and Foley et al. (2015). 
 
Disease 
 
The primary purpose of limiting reliance on 
supplemental feeding is to reduce the prevalence 
of endemic elk and bison diseases and mitigate 
transmission risk associated with the introduction 
of novel diseases.  We hypothesize that 
brucellosis seroprevalence will decline post 
AMPMSP implementation.  There are no recent 
brucellosis seroprevalence data for elk on the 
National Elk Refuge, but >50 elk will be captured 
during elk collaring operations in winter 2016, 
and each elk will be tested for Brucellosis 
exposure.  The 2016 Brucellosis seroprevalence 
rate will be the pre-treatment baseline to 
evaluate post AMPMSP change.   
 
Chronic wasting disease (CWD) has been 
monitored in the JEH since 1997, and since 2008 
it has been monitored with sufficient sample size 
to detect 1% prevalence with 95% confidence.  
No CWD positive cases have been detected in the 
JEH, which given the long term persistence of the 
disease, provides overwhelming evidence that 
CWD is not currently endemic to the JEH. 
However, most evidence suggests that the 
distribution of CWD is increasing and that its 

 

Figure165. Total and calf elk winter mortality (%) on 
NER in the period following implementation of the 
Bison and Elk Management Plan and prior to the 
implementation of the Adaptive Management 
Stepdown Plan (2008-2015).  These values represent 
the pretreatment baseline which will be compared to 
the 3 year running average post AMPMSP 
implementation. 
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introduction to the JEH is inevitable.   Early 
detection is critical to ensure an adequate 
management response, and therefore ongoing 
monitoring at sample sizes sufficient to detect 1% 
CWD prevalence with 95% confidence is 
necessary.   CWD is sampled by testing tissues 
collected primarily from hunter harvested elk, 
and past experience suggests that 2 full time 
technicians working from September-December 

are necessary to ensure minimum sample size. 
Typical costs associated with 2 technicians are 
$32,000 per year. 

 

Data Collected for Modeling 

To facilitate modeling, we will collect data on the 
following associated variables (Table 6). The table 
lists variables and how they relate to our efforts 

Table  6.  Variables to be used in models to explain elk winter distribution in the Jackson Elk Herd and 
elk calf mortality on NER.  
VARIABLE SOURCE Elk Winter 

Distribution Model 
Elk Calf Mortality 
Model 

Proportion Jackson Elk 
Herd on NER 
Feedgrounds 

WGFD/NER Jackson Elk Herd 
February Classification Count 

Yes No 

Proportion Jackson Elk 
Herd from South Snake 
River summer segment 

Determined from elk GPS collar 
data for elk captured on NER  

Yes No 

Number of wolf packs 
in the Jackson Elk Herd 
unit 

GTNP and WGFD wolf 
monitoring data 

Yes Yes 

Estimated total wolf 
numbers in Jackson Elk 
Herd unit 

GTNP and WGFD wolf 
monitoring data 

Yes Yes 

Estimated number of 
wolves using NER in 
winter 

NER observations Yes Yes 

Total NER herbaceous 
forage biomass 

NER forage production survey 
data 

Yes Yes 

Snow Water Equivalent NOAA snowtell site data Yes Yes 
NER Winter elk 
Mortality (calf) 

NER winter elk mortality survey No Yes 

Snow Depth NOAA Snowtell sites and NER 
measurements  

Yes Yes 

Available Forage NER and GTNP monitoring in 
winter months 

Yes Yes 

NER Elk and Bison Fed 
Days 

NER feeding records and daily 
feedground estimates of elk and 
bison 

Yes Yes 

NER Feeding Start Date NER feeding records Yes Yes 
Gros Ventre Feeding 
Start date 

WGFD feeding records Yes No 

Elk Hunting Pressure by 
Hunt Area 

Estimated number of hunter 
days from WGFD completion 
reports 

Yes Yes 
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to use modeling to explain changes in elk 
distribution and elk calf mortality relative to our 
principal action of reducing feed season length. 

 

 
EVALUATION/FUTURE MANAGEMENT 
 
Modifying elk and bison behavior while reducing 
supplemental feeding will require a long-term, 
sustained commitment.  Change is unlikely to 
happen fast, and interpreting effects of adaptive 
management actions will be complicated by 
varying environmental conditions from year to 
year.  Consequently, we anticipate that the 
strategies outlined in this plan will be in place for 
a minimum of 5 years, after which an initial 
evaluation of the program will be made.  Actions 
completed each year, the results of monitoring 
programs, and any proposed changes in course 
will be presented in an annual adaptive 
management stepdown plan update/report, 
completed by NER staff by the end of March for 
the previous year.  
 
Consistent with objectives outlined in the BEMP, 
the long-term goal of this plan is reduce the 
reliance of bison and elk on intensive 
supplemental feeding, using adaptive 
management principles through a structured 
framework of management actions, to achieve a 
desired condition of animals relying 
predominately on native habitat on refuge, park, 
and forest lands, and on NER cultivated forage. 
But because there is no precedent for what this 
plan proposes, there are few responses to 
proposed management actions that can be 
predicted to a degree of certainty commensurate 
with establishing definable thresholds or other 
objective criteria for success in the short term.   
 
Factors that will be considered in evaluating the 
success of the program will include the trend of 
EFD and BFD, type and frequency of private lands 
conflicts, the proportion of the Jackson elk herd 
wintering on the NER, presence or absence of 
CWD and other infectious diseases, elk and bison 
population size and distribution, elk calf winter 
mortality, and public support. These are complex, 

dynamic, and interwoven components that, 
together with the management stepdown 
actions, make up the framework for decreasing 
reliance on supplemental feeding.  As such, the 
effects of changing biological, social, and political 
conditions on these components will be part of 
the evaluation process. 
 
In the context of this larger framework, however, 
we believe evaluation of the trend in EFD and 
BFD will be most important after the first 5 years 
of MSP implementation.  The direction and 
magnitude of the trend observed will provide a 
preliminary basis for evaluation and decisions 
about continued management actions. Initial 
success with reduced feeding will be associated 
with a declining trend, with greater magnitudes 
indicating higher degrees of success.  However, 
determinations of overall program success will 
necessarily include evaluation of all system 
components.  For example, gains in reduced 
feeding come could be accompanied by an 
increase in private land conflicts, which would 
affect overall success determinations.  While the 
overriding strategy will be to decrease feeding as 
aggressively as possible while gauging effects on 
other system components, overall measures of 
program success through time will necessarily 
involve a complex matrix of component 
evaluation.   These evaluations will be included in 
annual MSP reports. 
 
As proposed and new management strategies are 
implemented and evaluated under this plan, at 
some point in the future it may become apparent 
that meeting reduced feeding goals will not 
possible without reducing elk and/or bison 
population objectives.  Population objectives for 
both herds are set by Wyoming Game and Fish 
Commission and are evaluated regularly by 
WGFD personnel, including public review through 
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annual season setting meetings.  The BEMP 
supported the State herd objectives of 500 bison 
and 11,000 elk, and thus due to NEPA 
requirements any further consideration of 
reduced herd sizes by the NER or GRTE are 
beyond the scope of this plan.  However, WGFC 
changes to Jackson bison or elk herd objectives 
are not constrained by the BEMP.   
 

Investigating the potential effects of climate 
change on elk and bison management will also be 
important in the long-term.  During 
implementation of this plan, we will collect a 
variety of data that couldan be drawn upon for 
this purpose.   
 
 

 

PUBLIC OUTREACH AND EDUCATION  
The practice of winter feeding is inexorably 
woven into the historic fabric of Jackson Hole.  
Elk are identified with the rich and unique legacy 
for which Jackson Hole is known around the 
world.  De-emphasizing the supplemental feeding 
program will be a major paradigm shift for the 
residents of Jackson Hole, Teton County, and the 
State of Wyoming.   

 
An effective Public Outreach and Education 
program is essential for effective AMPMSP 
implementation.  The practice of feeding elk 

evokes passionate responses from those that 
oppose and those that support this practice.  The 
general public and especially key stakeholder 
groups must understand the biological needs for 
and strategies of the AMPMSP in order to gain 
general consent to modify longstanding elk/bison 
herd management methods.   
 
A detail communication plan to guide outreach 
and education efforts can be found in Appendix 3. 
 
 

 

  



 

 27  
 

SCHEDULE 

 

 

Table 7.  Anticipated schedule of annual Adaptive Management Plan activities. 

Activity 

Month 

J F M A M J J A S O N D 

Elk and bison classification  x           

Irrigation      x x x x    

Forage estimates x x x x        x 

Etc…..             

[This table just for example.  We could do the same with longer term schedule using years instead of months at 
the top if desired/necessary.] 

 

 

Table 6.  Adaptive Management Plan proposed schedule. 
Action Date 

GPS Collar 30-40 elk prior to strategy implementation (Iridium platform) February 2016 

Public outreach and education March 2016 

Initiate private lands conflicts mitigation contacts/actions March 1, 2016 

Implement enhanced forage monitoring  March 1, 2016 

Initiate changes in supplemental feeding protocol January 2017 

Monitoring/Evaluation/Annual Report June 2017 
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BUDGET 

Table 8. [incomplete].  Estimated Adaptive Management Plan budget above current expenditures, years 1-5. 

Agency / Activity 

Year 

1 2 3 4 5 

National Elk Refuge:      
Monitoring:      
     Seasonal Biological Technician (0.5 FTE, GS-7) 24,000 25,000 26,000 27,000 28,000 
     Bison/elk fed days      
     Mid-winter census      
     Elk summer herd segment distribution1      
     Expanded standing forage estimates1      
     Chronic Wasting Disease, 2 seasonal biot-techs 32,000 32,000 32,000 32,000 32,000 
     Winter bison/elk distribution      
Irrigation      
50 Elk radio telemetry collars; Iridium Platform $115,000 $25,000 $25,000 $25,000 $25,000 
Bison barrier at NER south entrance $80,000 $1,000 $1,000 $1,000 $1,000 
Adaptive Management Plan annual reporting $2,000 $2,000 $2,000 $2,000 $2,000 
Private lands:      
     Easements / Acquisition      
     Damage reimbursements (Wyoming)      
     Conflict mitigation coordination (Wyoming) $91,000 $91,000 $91,000 $91,000 $91,000 
Vegetation restoration/protection1      
Public Outreach and Education $11,000 $1,000 $1,000 $1,000 $1,000 

Subtotal      
Grand Teton National Park:      
Monitoring:      
     Summer elk classification/distribution 10,000 11,000 12,000 13,000 14,000 
     Collaborative elk monitoring (GRTE portion)      
     Hunter harvest      
     Harvest age distribution      
     Transition range forage production/utilization      
Vegetation Restoration/Protection      
    Monitoring 16,0000 16,000 18,000 20,000 20,000 
     Temporary bison fencing 24,000   40,000  
     Temporary fence maintenance 6,000 8,000 8,000 6,000 10,000 
     Hayfields restoration 84,000 70,000 70,000 90,000 90,000 
     Exotic plant mitigation 50,000 52,000 46,000 60,000 66,000 
     Seed propagation    94,000 66,000 
Elk Reduction Program      

Subtotal      
Wyoming Game and Fish Department:2      
Private lands:       
     elk harvest coordination      
     Easements / Acquisition      
     Damage reimbursements      
     Conflict mitigation coordination      

Add additional lines and categories as needed 
Subtotal      

Grand Total      
1 See detail in Appendix      

          
 



 

 29  
 

 

 

LITERATURE CITED [incomplete]

 
Cole, E. K., Foley, A. M., Warren, J. M., Smith, B. L., Dewey, S. R., Brimeyer, D. G., Fairbanks, W. S., 

Sawyer, H. and Cross, P. C. 2015. Changing migratory patterns in the Jackson elk herd.  Journal of 
Wildlife Management, 79: 877–886.  

 
Cook, J.G. 2002. Nutrition and Food. In D. E. Toweill and J.W. Thomas eds. North American Elk Ecology 

and Management. Smithsonian Institution Press, Washington D.C. 
 
Defenders of Wildlife et al. v. the U.S. Department of Interior and State of Wyoming. 2010.  United 

States District Court for the District of Columbia. Case 1:08-cv-00945-RJL, Document 37, Filed 
03/26/10. 

 
Defenders of Wildlife et al. v. the U.S. Department of Interior and State of Wyoming. 2011.  United 

States Court of Appeals for the District of Columbia Circuit. USCA Case #10-5144, Document 
#1322265, Filed: 08/03/2011. 
 

Emmerich, J., R. Guenzel, L. Jahnke, B. Kroger, J. Nemick, B. Rudd, and T. Woolley. 2007. Appendix VIb. 
Page VIb-1 in S.A. Tessmann (ed). Handbook of Biological Techniques: third edition. Wyoming 
Game and Fish Department. Cheyenne, WY. 

 
Gregory, R., L. Failing, M. Harstone, G. Long, T. McDaniels, D. Ohlson. 2012. Structured decision making: 

a practical guide to environmental management choices. Wiley-Blackwell, West Sussex, United 
Kingdom.  

 
Hobbs, N.T. 1989. Linking energy balance to survival in mule deer: Development and test of a simulation 

model. Wildlife Monographs 101. 39pp 
 
Hobbs, N. T., G. Wockner, and F. J. Singer. 2003. Assessing management alternatives for ungulates in the 

Greater Teton Ecosystem using simulation modeling. Unpublished report, Natural Resources 
Ecology Lab, Colorado State University, Fort Collins, CO. 

 
Killian, G., T. J. Kreeger, J. Rhyan, K. Fagerstone, and L. Miller. 2009. Observations on the use of 

Gonacon™ in captive female elk (Cervus elaphus). Journal of Wildlife Diseases 45:184-188. 
 
National Academy of Science.  2010.  Advancing the science of climate change – an Expert Consensus 

Report.  Accessed July 2015 at http://dels.nas.edu/resources/static-assets/materials-based-on-
reports/reports-in-brief/Science-Report-Brief-final.pdf 

 



 

 30  
 

[NPS] National Park Service.  2006.  Management Policies.  U.S. Department of the Interior, National 
Park Service.  Washington D.C.  Available at http://www.nps.gov/policy/MP2006.pdf.  Accessed 
May 2015. 

 
National Wildlife Refuge System Improvement Act.  Public Law 105-57, October 9, 1997.  Available at 

6``AZQ1SXW2DEC FV3R6UIO\2560P-[=\  Accessed May 2015. 
 
Nelson, L. J., and J. M. Peek. 1982. Effect of survival and fecundity on rate of Increase of elk. Journal of 

Wildlife Management 46:535-540. 
 
Pawitan, Y. 2001. In all likelihood: statistical modelling and inference using likelihood. Oxford University 

Press. 
 
Putman, R. J., and B. W. Staines. 2004. Supplementary winter feeding of wild red deer Cervus elaphus in 

Europe and North America: justifications, feeding practice and effectiveness. Mammal Review 
34:285-306. 

  
Raithel, J. D., M. J. Kauffmian, and D. H. Pletscher. 2007. Impact of spatial and temporal variation in calf 

survival on the growth of elk populations. Journal of Wildlife Management 71:795-803. 
 
Tassell, L. W. V., C. Phillips, and W. G. Hepworth. 1995. Livestock to wildlife is not a simple conversion. 

Rangelands 17:191-193. 
  
[USFS] U.S. Forest Service. 2013. Bridger-Teton National Forest Fire Management Plan. Bridger-Teton 

National Forest. 
 
[USFWS] U.S. Fish and Wildlife Service. 2014. Comprehensive Conservation Plan. National Elk Refuge.  
 
[USFWS and USNPS] U.S. Fish and Wildlife Service and National Park Service. 2007a. Record of Decision, 

final bison and elk management plan and environmental impact statement. National Elk Refuge 
and Grand Teton National Park. http://www.fws.gov/bisonandelkplan/ROD.pdf, accessed April 
2015. 

 
[USFWS and USNPS] U.S. Fish and Wildlife Service and National Park Service. 2007b. Bison and elk 

management plan. National Elk Refuge and Grand Teton National Park. 
http://www.fws.gov/bisonandelkplan/, accessed April 2015. 

 
[USFWS and USNPS] U.S. Fish and Wildlife Service and National Park Service. 2007c. Final bison and elk 

management plan and environmental impact statement. National Elk Refuge and Grand Teton 
National Park. http://www.fws.gov/bisonandelkplan/, accessed April 2015. 

 
Walters, C. 1986. Adaptive management of renewable resources. Blackburn Press, Caldwell, New Jersey. 



 

 31  
 

 
Williams, B. K. 1997. Approaches to the management of waterfowl under uncertainty. Wildlife Society 

Bulletin 25:714-720. 
  



 

 32  
 

APPENDIX 1.  Summary of primary potential impacts associated with reduced supplemental feeding, 
as identified in alternative 4 environmental consequences section of the Final Bison and Elk 
Management Plan/Environmental Impact Statement (USFWS and USNPS 2007). 

Populations 

• Jackson elk herd objective of 11,000 would be maintained. 
• New Jackson bison herd objective of 500 established. 

Winter Feeding 

• Supplemental feeding could be delayed or could occur earlier compared to current practices. 
• Changes [to feeding program could] include alterations in the timing of feeding and providing 

supplemental feed in fewer years. 
• Ration or pellet composition might need to be changed. 
• Supplemental feeding would be initiated according to established criteria, including pre-winter 

forage production, assessments of forage utilization (done jointly by WGFD and NER personnel), 
elk condition and movements, and potentially on the January 1 index of winter severity 
calculations for elk (Farnes, Heydon, and Hansen 1999). 

• Mechanical means could be used to increase forage access for elk after snow crusting events. 
• Changes in the refuge supplemental feeding program could begin to affect elk nutrition 

(negligible adverse effect on NER elk from lower nutrition). 
• Displacement of elk by bison during competition for standing forage would decrease as the 

bison herd is reduced.  
• Aggressive social interactions involving competition for food among elk and bison would 

increase overall as feeding periods are reduced. 

Winter Distribution 

• Elk densities on the NER would decline due to more reliance on standing forage and wider 
distribution. 

• Elk use of lands surrounding the NER would increase, including: 
o USFS lands east of the NER 
o Gros Ventre feedgrounds possibly 
o Southern GTNPGRTE 
o State feedgrounds south of the NER 

• Most of winter distribution shift would involve elk in the Yellowstone, Teton Wilderness, and 
Gros Ventre segments. 

• As ungulate numbers decreased and supplemental feeding was reduced, competition and 
aggressive social interactions on the refuge would also be reduced. 

• Elk and bison distribution would increase as the animals relied more on native winter range. 
• Fewer animals would be present on the refuge. 

Mortality 

• As supplemental feeding is reduced, natural factors such as climate and native forage availability 
would have a greater influence on numbers, movements, distribution, and mortality. 

• More elk would be subject to natural factors affecting mortality, including loss of body 
condition, predation, and starvation. 

• Increased mortality on and off the refuge would mainly affect older elk and calves, and some 
prime bulls entering the winter energetically stressed due to rut activities. 
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• Late winter calf ratios could decrease as a result of higher winter calf mortality 
• Average winter mortality on the refuge would increase from 1%–2% annually to an estimated 

1%–5%. 
• Overall, a higher total winter mortality rate of approximately 5% could be expected. 

Disease 

• Reductions in supplemental feeding or elk numbers would reduce the potential for impacts due 
to tuberculosis, septicemic pasturelosis, and CWD. 

• The health and sustainability of the Jackson elk herd would be increased gradually as 
supplemental feeding was reduced and there was greater reliance on standing forage and wider 
ungulate distribution. 

• Health and sustainability of the Jackson elk herd would be enhanced in the long term. 
• Wider distribution of elk would result in moderate reductions in both the prevalence and 

potential transmission of brucellosis, as well as potential for spread of diseases not yet in the 
population. 

Private Lands 

• The agencies would work closely with the WGFD and landowners, including livestock producers, 
to coordinate actions that would prevent conflicts due to elk dispersal and to defray costs of 
managing potential conflicts. Preventing access to food/hay rewards on private lands would be 
vital for effective management. 

• Private land conservation easements within NER boundaries would promote wider distribution.  
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APPENDIX 2.  Monitoring Supplemental Materials: Feeding Initiation Methods 
 

At each sample site, 10 subplots will be measured at every 5 steps along the random bearing 
determined for each site.  At each subplot a 13.27” diameter metal sampling ring will be placed on the 
ground. The amount of forage available to elk within the sampling ring (dry weight in grams) will be 
visually estimated.  The 13.27” diameter subplot allows easy conversion from grams to lbs. per acre 
(each gram is equivalent to 100 lbs. per acre). During annual forage production sampling, refuge 
biologist Eric Cole has made approximately 1,000 of these visual estimates per year for 17 years, and 
33% of Cole’s estimates have been verified by clipping and weighing.  Therefore, Cole will be the 
principal estimator, but additional personnel will be trained in these techniques to provide redundancy 
in the event of personnel changes, and to increase the number of observers to facilitate estimation of 
error. 

Estimating available forage within the sample ring at each subplot is relatively straightforward when 
snow cover is limited, but estimating how much of the forage is accessible to elk when snow is dense, 
deep and crusted can be subjective.  To decrease the subjectivity of the estimation process, if the area 
under the sample ring is covered with snow, only forage that can be exposed with a gloved hand will be 
included in the estimate of available forage.  Forage that is fouled with manure and/or flush with the 
ground due to trampling and/or encrusted in ice will not be included in the estimate of available forage. 

At each subplot the estimate of available forage (dry weight g) will be converted to an equivalent 
lbs./acre value (1 gram=100 lbs./acre).   The arithmetic mean of available forage (lbs./acre) for the 10 
subplots provides an estimate of available forage for each index site.  There are 3 sample site categories: 
1) Historic  Key Index Sites that have been used since 2007, 2) New randomly selected sites within areas 
preferred by elk, and 3) New randomly selected sites in areas not preferred by elk.  Historic key index 
sites were not randomly selected, but were instead selected to represent areas most preferred by elk on 
the south end of NER.  These were the sites used to determine when supplemental feeding would be 
initiated from 2007 until the implementation of the AMPMSP.  To facilitate comparison with pre-
AMPMSP data, we will continue to use mean lbs. per acre across historic key index sites to determine 
the 300 lbs. per acre threshold.  However, post AMPMSP implementation we will delay feeding initiation 
by 2 weeks once the 300 lbs./acre level has been reached.  We will concurrently sample at randomly 
selected sites stratified on an annual basis between areas highly preferred and not highly preferred by 
elk.  This will enable us to quantify the relationship between mean forage availability at historic key 
index sites and random sites over time. 
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APPENDIX 3.  Communication Plan 
 
Communication Goals 
 
Prior to the Adaptive Management Stepdown Plan’s Implementation 
 
• Utilize a variety of outreach methods to inform the public on the goals and timing of the Adaptive 

Management Stepdown Plan  implementation and possible effects on wintering herds. 
• Utilize a variety of outreach methods to inform the public on public comment opportunities. 
• Identify and coordinate key messages and outreach with USFWS regional and national offices, State and 

federal agency partners, non-profits, elected officials, and other identified audiences. 
 
During the Adaptive Management Stepdown Plan’s Implementation 
 
• Continue to utilize a variety of outreach methods to describe current management actions as well as 

measurable and noticeable changes on the landscape, in animal behavior, or in animal health. 
• Provide a comprehensive overview of the Adaptive Management Stepdown Plan by providing links and 

references to previous outreach and background information. 
 
Communication Objectives 
 
• Work with current media contacts to promote news of the Adaptive Management Stepdown Plan via 

print, radio, Web, and social media platforms. 
• Utilize new media and social media tools to provide information on why the Adaptive Management 

Stepdown Plan was developed, what public comment opportunities exist, and how the plan is being 
implemented. 

• Plan, coordinate, and execute public meetings to allow for public comment and questions on the plan. 
• Develop and provide methods for the public to submit written comments on the Adaptive 

Management Stepdown Plan. 
• Monitor print media on Refuge elk and bison management to see how Adaptive Management 

Stepdown Plan objectives and reactions are being portrayed to the public. 
 
Current Outreach Resources 
 
• National Elk Refuge web site 
• National Elk Refuge news release list 
• (approximately  300 contacts) 
• National Elk Refuge Twitter site (1,039 followers) 
• Bison and Elk Management Plan web site (http://www.fws.gov/bisonandelkplan/) 
• Space for an 11” x 17” poster in the Visitor Center on Refuge management topics 
• Display panels in the Visitor Center theater for temporary displays 
 
Available Supporting Outreach Resources 
 
• USFWS Mountain–Prairie External Affairs staff 
• USFWS Mountain–Prairie web site, including the 
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• “Top Stories” feature 
• USFWS Mountain–Prairie Twitter site USFWS Mountain-Prairie Region Facebook page 
• USFWS National Wildlife Refuge System 
• Facebook page 
• USFWS Facebook page 
 
Previous Outreach Efforts 
 
• NER routinely writes and disseminates news releases on Refuge management activities, including the 

Comprehensive Conservation Plan, supplemental feeding, herd health monitoring, and forage 
production.  

• Post the above news stories as Content. 
• Management System (CMS) articles. 
• Post CMS news story promos so they prominently appear on the home page, linking readers to the 

articles. 
• Send out Twitter messages linking viewers back to the news stories. 
• Prepare, upload and provide links to Adobe PDF versions of news stories with addtional photos where 

additonal images are available and/or help understand or visualize the content. 
• Utilized the Conservation link on the web Content 
• Management System to post information about 

the Bison and Elk Management Plan and the draft Comprehensive Conservation Plan. 
• Retained and provided a link to the original Bison and Elk Management web page (http://www.fws. 

gov/bisonandelkplan/) that was developed during the planning process. The web site includes links to 
the Final Plan/EIS, Record of Decision, Federal Register Notice of Availability for both the Record of 
Decision and Final Plan/EIS, associated news releases, public meeting highlights, and other related 
documents. Note: the National Elk Refuge does not manage the site. 

 
Additional Outreach Opportunities 

 
• Public meetings in Jackson and other identified locations. 
• Service produced video; video could be posted to the National Elk Refuge’s multimedia web page, or 

USFWS Mountain–Prairie home page “Top Video” feature. 
• Live radio interview on KHOL (Jackson, WY radio) 
• Wyoming Public Radio interview with Refuge management staff 
• Interviews with local print media sources 
• Updates at community leader meetings such as Rotary Club, Jackson Hole Chamber of Commerce board 

meetings, and interagency breakfast meetings (with Federal agencies and local elected officials). 
 
Target Audiences 
 
Internal 
• Regional and National USFWS Leadership 
• Refuge permanent staff 
• Refuge seasonal staff 
• Refuge volunteers 
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External 
• Congressional representatives 
• State of Wyoming leadership 
• Federal agency partners, particulary Grand Teton National Park and the Bridger–Teton National Forest 
• Wyoming Game & Fish Department 
• Other NER partners, including county and town agencies and local nonprofit organizations 
• Local elected officials 
• Private landowners in proximity to the National 
• Elk Refuge or neighboring Federal lands 
• Tribes 
• Local and state media 
• Local public 
 
Key Outreach Topics 
 
• Overview of BEMP objectives 
• Strategy to change elk/bison behavior 
• Threat of disease 
• Natural mortality rates 
• Anticipated winter distribution changes for bison/elk 
• Mitigate negative effects on private lands 
• Change elk behavior and distribution while avoiding increased mortality. 
• Explain the historic reasons a supplemental feeding program began and why it was continued.   
• Explain the NER’s limited large ungulate carrying capacity and the disproportionate impact of bison 

on available forage; 3 elk = 1 bison. 
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APPENDIX 4.  Models 

Elk winter distribution model 
 
The proportion of the JEH that winter on the NER will be linked to factors hypothesized to influence elk 
winter distribution (Fig. 2) using a generalized linear mixed effects model (GLMM). A GLMM can account 
for a proportional response variable (i.e., constrained to the interval 0–1) using a log link and binomially-
distributed errors. A GLMM also includes fixed and random effects, with the latter capturing residual 
model variance otherwise not explained by fixed effects. Year will be including as a random effect, 
providing several benefits. First, we don’t assume years are independent and comprise all of the factor 
levels of interest. Instead, the effect of year is treated as a random variable, with individual year effects 
realizations of that distribution. This allows inference to non-sampled factor levels, i.e. years, by 
estimating a latent population-level proportion of elk expected to winter on the NER regardless of fixed 
effect influences. Thus, the random year effect can be considered a latent variable describing elk 
behavior manifested as observed winter distribution. Second, because year effects are not treated as 
independent, estimated effects of year on the proportion of JEH elk wintering on the NER are 
dependent on all factor levels, leading to greater precision when estimating individual year effects (Kéry 
2010).  
 
The full GLMM incorporating fixed effects for each factor identified as influencing elk winter distribution 
(Fig. 2) is: 
 

𝑃𝑃𝑡𝑡 = 𝛽𝛽0(𝑡𝑡) + 𝛽𝛽1 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡 + 𝛽𝛽2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 + 
𝛽𝛽3 ∗ 𝑊𝑊𝑃𝑃𝑡𝑡 + 𝛽𝛽4 ∗ 𝐺𝐺𝑆𝑆𝑃𝑃𝑡𝑡 + 𝛽𝛽5 ∗ 𝑆𝑆𝑊𝑊𝑆𝑆𝑡𝑡 + 𝜀𝜀𝑡𝑡 

 
where the random intercept and residual model variance are 
 
𝐵𝐵0(𝑡𝑡)~𝑁𝑁(𝜇𝜇𝛽𝛽0 ,𝜎𝜎𝛽𝛽0

2 ), and 
 
𝜀𝜀𝑡𝑡~𝑁𝑁(0,𝜎𝜎2), respectively.  
 
Fixed effects include 1) per capita available forage at initiation of winter feeding (AFI) , 2) proportion of 
the JEH that are short-distance migrants (SDM), 3) number of wolf packs present on JEH native winter 
range (WP), 4) growing season (May–August) precipitation for the Wyoming Snake Drainage climate 
division (GSP; a proxy for available forage on native winter range), and 5) snow water equivalent on 1 
January at Thumb Divide (SWE; a proxy for early winter severity).  
 
Elk calf winter survival and forage deficits 
 
The Forage Accounting Model of Hobbs et al. (2003) has as an output weekly available forage biomass 
for the NER (sum of predictions for 30 × 30 m cells). These predictions account for snow conditions using 
a proxy of SWE and decrement total available biomass by 35% to account for unpalatable plants within 
the total estimate.  
 
While calf survival is a function of multiple factors (Fig. 3), the primary management action influencing 
calf survival is supplemental winter feeding. Current winter feeding initiation criteria lead to calf survival 
generally higher than in unfed populations. Proposed feeding initiation criteria will result in later 
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initiation of supplemental feed, which will be most influential to calf survival. There is currently little 
understanding regarding the relationship between initiation of winter feeding and calf survival, except 
that current feeding initiation criteria result in high calf survival. We believe a threshold level of 
available forage at initiation of winter feeding exists such that winter calf survival reaches an asymptote. 
Below this threshold, calf survival is hypothesized to decline quickly with reductions in available forage 
at winter feeding initiation. Available forage at the initiation of winter feeding will be related to on elk 
calf winter survival using a saturating function (i.e., Holling type-II functional response; Fig. 6) by  
 

𝑆𝑆𝑡𝑡 =
𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡
𝑏𝑏 + 𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡

. 

 
The parameters a and b determine how calf survival is related to available forage. Maximum calf survival 
is a, and b represents the value of available forage to an individual when survival is 50% of a (Hilborn 
and Mangel 1997).  
 
Although this approach doesn’t capture forage deficits per se, it does provide a potentially sensitive 
proxy for this concept. It is assumed that a forage deficit for calves would occur at a point on the curve 
of the relationship between calf survival and available forage at initiation of supplemental feeding. 
Modeling the response of winter calf elk survival to changes in feeding initiation criteria facilitates our 
ability to maximize the influence of feeding initiation criteria on winter distribution while minimizing the 
likelihood of a large mortality event.   
 

 
 Hypothesized relationship between winter survival of elk calves and per capita available forage at initiation of 
winter feeding on the National Elk Refuge.  
 

 

 



From: Steve Kallin
To: Mike Blenden
Cc: Cris Dippel; Eric Cole
Subject: Draft Elk Herd Objective comment letter
Date: Wednesday, May 18, 2016 5:08:38 PM
Attachments: Draft Comment Letter to Wyoming Game and Fish Commission 5-18-2016.docx

Mike:
 
Several weeks ago I sent you a first draft of a Jackson Elk Herd Objective comment letter.  I recently
received a copy of the WGFD proposed objective language and have made several relatively minor
changes to that initial draft; see attached.  My hope is to have this letter reviewed and submitted by
the Regional Office to the WGFD by May 25, 2016, the deadline for submitting comments. 
 
I will give you a brief call tomorrow to discuss a few details. 
 
Thanks,  
 
Steve Kallin
Project Leader

National Elk Refuge

PO Box 510

675 East Broadway

Jackson, WY 83001

Phone: (307) 201-5409

Fax: (307) 733-9729

steve_kallin@fws.gov

 



Draft Letter to the Wyoming Game and Fish Commission concerning the Jackson Elk Herd Objective 
Proposal.  5/5/2016. 

 

 

The U.S. Fish and Wildlife Service (FWS) appreciates the opportunity to provide comments during on the 
Jackson Elk Herd objective setting process.  We support the WGFD’s proposal to retain the Jackson Elk 
Herd objective at 11,000 elk, and change population monitoring to a three-year running average while 
continuing to support the goals and objectives in the Bison and Elk Management Plan (BEMP), April 
2007. 

Through the BEMP, the Grand Teton National Park and the National Elk Refuge has, and will continue to 
support the WGFD Jackson Elk Herd objective of 11,000.  The USFWS does not support increasing the 
herd objective above 11,000 elk.   

For the purpose of reducing the risk of disease transmission, the BEMP also identifies the objective of “. . 
. transitioning from intensive supplemental winter feeding of bison and elk to greater reliance on natural 
forage on the refuge. “  One strategy to achieving this outcome is “to reduce the number of elk on feed 
on the NER to approximately 5,000 . . .”   

On September 7, 2007, the Wyoming Game and Fish Commission “set the Jackson Elk Population 
Objective at an overall 11,000 elk.”  Within that objective, the Commission also set winter distribution 
goals for the Gros Ventre feedgrounds, native winter range and the National Elk Refuge.  This action 
adopted 5,000 elk wintering on the National Elk Refuge. 

The WGFD was an important cooperator in the development of the BEMP and has been a key partner in 
its implementation.  Elk and bison management coordination through partnership with the WGFD has 
and will remain vital in the ongoing effort to successfully manage these wildlife populations. 

The USFWS is not opposed to the WGFD’s proposal to discontinue the use of winter subherd objectives.  
However, we are concerned that ending this practice may unintentionally convey the message to the 
public that the WGFD no longer supports the goals and objectives of the BEMP, especially the winter 
objective of 5,000 elk on the National Elk Refuge.  We are also concerned that it could result in reduced 
WGFD support for BEMP objectives in the future after changes in WGFD personnel occurs through 
normal attrition. 

For these reasons, we strongly urge the WGF Commission to clearly state in this action that the WGFD 
will continue to support and work in partnership to achieve the goals of the BEMP, including the winter 
goal of 5,000 elk on feed on the National Elk Refuge.  We support the Jackson Elk Herd objective as 
proposed by the WGFD: 

Manage for a mid-winter trend count of 11,000 elk, which will be estimated using 
ground classifications on feedgrounds and aerial surveys on native winter ranges.  Mid-



winter trend counts will be analyzed using a 3-year running average.  The population will 
be managed for +20% of the objective (range of 8,800 to 13,200).  In addition, the WGFD 
will continue working with the NER and GTNP to achieve the goals outlined in the BEMP 
(2007). 

Public confidence in and support for the BEMP is vital to its successful implementation.  Sustained 
support of the BEMP by the WGFD will continue to reinforce and enhance the public support for this 
collaborative approach in managing these highly visible wildlife populations.       

An overarching strategy of the BEMP is to reduce the concentration of elk on the NER by reducing 
reliance on supplemental feeding to encourage elk use of native winter range.  The approach of 
reducing elk concentrations on the NER follows a widely recognized principal in disease prevention and 
mitigation and will reduce the potential of disease transmission.  This strategy is also consistent with a 
presentation on Chronic Wasting Disease (CWD) by WGFD State Veterinarian Mary Wood to the WGFD 
Commission on March 22, 2016 when she stated, “. . . artificially congregating animals in high density 
over a feed source will facilitate disease transmission.  That’s pretty much a stated fact; we know that 
will occur.”  In the same presentation, she also stated, “If we want to really look at proactive 
management, the single most proactive thing we can do for feed grounds in the face of CWD is to find 
ways to reduce reliance on feed before CWD ever hits.”  This is exactly what the NER/GTNP is 
attempting to do through implementation of the BEMP, especially In light of the westward expansion of 
CWD in Wyoming.  Public recognition of continued WGFD support for the BEMP will be essential to its 
implementation, which is why the USFWS encourages the WGF Commission to adopt the Jackson Elk 
Herd Objective as proposed by the WGFD which reiterates continued WGFD support for the BEMP.   

The proposed WGFD approach of changing from a population model to estimate the total Jackson Elk 
Herd to methods using raw count data will effectively increase the population objective for the herd.  
Using unadjusted data will underestimate the number of elk not on feedgrounds to some unknown 
degree.  The USFWS encourages and will support WGFD efforts to develop a “sightability index” for 
surveying elk off feedgrounds to improve future survey accuracy.      

Thank you for this opportunity to provide comments for the Jackson Elk Herd objective setting process. 

Sincerely, 

 

Name 



From: Steve Kallin
To: Brad Hovinga
Cc: doug.brimeyer@wyo.gov
Subject: RE: FW: Bison & Elk Management Plan (BEMP) Step Down Plan Meeting
Date: Monday, May 23, 2016 2:36:44 PM
Attachments: NER AMP Draft v2.2 8-24-15.pdf

Hi Brad:
 
I saved the Word document in a pdf format.  I believe that’s what we did last time.  Let me know if
this works.
 
Thanks,
 
Steve Kallin
Project Leader

National Elk Refuge

PO Box 510

675 East Broadway

Jackson, WY 83001

Phone: (307) 201-5409

Fax: (307) 733-9729

steve_kallin@fws.gov

 
From: Brad Hovinga [mailto:brad.hovinga@wyo.gov] 
Sent: Monday, May 23, 2016 2:04 PM
To: Steve Kallin
Subject: Re: FW: Bison & Elk Management Plan (BEMP) Step Down Plan Meeting
 
Steve - for what ever reason, I cannot open the file.  Seems like we had this problem before,
although I can't remember what we did about it.....
 
 
 
On Mon, May 23, 2016 at 1:43 PM, Steve Kallin <steve_kallin@fws.gov> wrote:
Sorry!  I forgot to attach the draft plan. 
 
Steve Kallin
Project Leader

National Elk Refuge

PO Box 510

675 East Broadway

Jackson, WY 83001

Phone: (307) 201-5409

Fax: (307) 733-9729

steve_kallin@fws.gov

 
From: Steve Kallin [mailto:steve_kallin@fws.gov] 
Sent: Monday, May 23, 2016 11:49 AM
To: Dale Deiter (ddeiter@fs.fed.us); 'Murphy, Kerry M -FS'; 'sarah_dewey@nps.gov'; David Gustine; Brad
Hovinga (brad.hovinga@wyo.gov); 'doug.brimeyer@wyo.gov'; 'Steve Cain'; Cris Dippel; Eric Cole; Steve
Kallin
Subject: Bison & Elk Management Plan (BEMP) Step Down Plan Meeting
 



Hello Everyone:
 
We are ready to resume the agency planning effort for the BEMP Step Down Plan.  Please
provide your availability through the doodle poll link below and complete at your earliest
opportunity.  We hope to schedule this meeting early next month, so it would be very helpful
to complete the poll in the next several days.        
 
http://doodle.com/poll/7ywxn4t9q79s8739
 
Attached is a copy of the latest DRAFT Step Down Plan (August 24, 2015) in case you would
like to refresh your memory after our long hiatus.  I will be sending out a meeting agenda later
this week.
 
Thank you for your continued support and contribution to this planning effort.  I am optimistic
a draft ready for agency review can be completed in several meetings.
 
Take care,          
 
Steve Kallin
Project Leader

National Elk Refuge

PO Box 510

675 East Broadway

Jackson, WY 83001

Phone: (307) 201-5409

Fax: (307) 733-9729

steve_kallin@fws.gov

 

 
--
Brad Hovinga
Wyoming Game and Fish Department
Regional Wildlife Supervisor
Jackson Region
Jackson, WY
(307) 733-2321

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.
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