
2018 - JCR Evaluation Form
SPECIES:  Bighorn Sheep PERIOD: 6/1/2018 - 5/31/2019 
HERD: BS106 - TARGHEE 

HUNT AREAS: 6 PREPARED BY: ALYSON 
COURTEMANCH 

2013 - 2017 Average 2018 2019 Proposed 
Population: N/A N/A 
Harvest: 1 0 1 
Hunters: 2 1 1 
Hunter Success: 50% 0% 100 % 
Active Licenses: 2 1 1 
Active License  Success: 50% 0% 100 % 
Recreation Days: 22 45 14 
Days Per Animal: 22 0 14 

Limited Opportunity Objective: 
5-year average harvest age of 6-8 years 
5-year average hunter success of >= 50% 

Management Strategy: Special 
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2019 HUNTING SEASONS 
TARGHEE BIGHORN SHEEP HERD (BS106) 

Hunt 
Area Type Dates of Seasons Quota License Limitations Opens Closes 

6 1 Aug. 15 Oct. 31 1 Limited quota Any ram (1 nonresident) 

Special Archery Seasons 

Season Dates 
Limitations Hunt Area Opens Closes 

6 Aug. 1 Aug. 14 Refer to Section 3 of Chapter 9 

Management Evaluation 

Management Strategy: Special 
Population Objective Type: Alternative, Bighorn Sheep 

Objectives: 
1. Achieve a 5-year average harvest age of 6-8 years,
2. Achieve a 5-year average hunter success of ≥ 50%, and
3. Document occurrence of adult rams in the population, especially on National Forest lands.

The Wyoming Game and Fish Department (WGFD) proposed changing the objective for the 
Targhee Bighorn Sheep Herd from a postseason population objective to an alternative population 
objective in 2014. The objective change was needed at the time because the herd was rarely 
surveyed due to budget constraints, challenging weather conditions, and spreadsheet models do 
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not appear to adequately simulate observed population trends. Alternative population objectives 
were adopted in 2014 (listed above).   

Objective 1 – currently met 
One hunter hunted in the Targhee Herd in 2018 (1 resident), but was not successful. The 5-year 
average age of harvested rams is 7 years-old. Therefore, the first objective of a 5-year average 
harvest age of 6-8 years is currently met.  

Objective 2 – not currently met 
In 2018, hunter success was 0%. The 5-year average hunter success is 44%, which is below the 
objective of ≥ 50%. Success is highly variable year to year due to extremely challenging terrain 
and movement of sheep between the open hunt area and Grand Teton National Park (GTNP).   

Objective 3 – partially met 
Staff from WGFD, GTNP, Bridger-Teton National Forest (BTNF), and CTNF conducted 5 days 
of bighorn sheep ground surveys in GTNP and Hunt Area 6 during August 2018. No rams were 
observed in Hunt Area 6, although some were observed in GTNP. Mature rams were observed in 
Hunt Area 6 and GTNP during the December 2018 mid-winter trend count. This objective was 
therefore only partially met in 2018. 

Herd Unit Issues 

The current objective and management strategy for this herd will be maintained based on 
internal discussions and conversations with our constituents.  Population status was evaluated 
and it was determined a change is not warranted at this time. These objectives will be reviewed 
again in 2024; however, if a situation arises that requires immediate change, proposals will be 
developed and submitted as needed. 

This is Wyoming’s smallest and most isolated core, native bighorn sheep herd. Current bighorn 
sheep occupied habitat is located at high elevations year-round in the Teton Range, mostly in 
GTNP. Bighorn sheep winter on high elevation, windswept ridgelines and winter habitat is most 
likely the limiting factor for this population. The herd is vulnerable to several stressors including 
disturbance from winter recreation, competition and risk of disease transmission from an 
overlapping and increasing mountain goat herd, loss of historical migration and low elevation 
winter ranges, and low genetic diversity. 

Weather 

Spring and summer 2018 produced average moisture. Fall and early winter weather was 
relatively mild in the Teton Range. However, the Teton Range received a record amount of 
snowfall in February 2019, which caused windswept bighorn sheep winter ranges to become 
more constricted than normal. In addition, an unstable snowpack with high avalanche danger 
likely increased bighorn sheep mortality this winter. Please refer to the following web sites for 
specific weather station data. http://www.wrds.uwyo.edu/wrds/nrcs/snowprec/snowprec.html and 
http://www.ncdc.noaa.gov/oa/climate/research/prelim/drought/pdiimage.html  
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Habitat 

A habitat treatment in Teton Canyon is currently in the planning stages to improve historical 
bighorn sheep winter and summer habitat. The WGFD is assisting Caribou-Targhee National 
Forest (CTNF) with vegetation monitoring pre and post-treatment. A prescribed burn is also 
planned to occur in Phillips Canyon on Bridger-Teton National Forest (BTNF) in the next 3-5 
years, which would benefit bighorn sheep habitat. Please refer to the 2018 Annual Report 
Strategic Habitat Plan Accomplishments for Jackson Region habitat improvement project 
summaries (https://wgfd.wyo.gov/Habitat/Habitat-Plans/Strategic-Habitat-Plan-Annual-Reports).  

Field Data 

Winter aerial surveys of the Targhee Bighorn Sheep Herd and mountain goats were conducted in 
December 2018. A total of 81 sheep were observed during the 2018 survey (33 ewes, 9 lambs, 1 
yearling ram, 33 mature rams (26 of these had >3/4 curl horns), and 5 unclassified sheep. This 
count was higher than the last four surveys when a total of 76 sheep (2017), 48 sheep (2016), 46 
sheep (2015), and 57 sheep (2014) were observed. Sightability of sheep was very good this year 
due to fresh snow that allowed tracking sheep and also sheep were concentrated in open, high 
elevation areas. 

Mountain goats were also surveyed at the same time in December 2018. A total of 88 mountain 
goats were observed (65 adults, 20 kids, 3 yearlings), which was an increase from 66 last year 
and 43 in 2016. The kid:adult ratio was 31:100. Assuming that half of the adults are nannies, the 
kid:nanny ratio is approximately 62:100. The mountain goat population is continuing to grow 
rapidly in the Teton Range. Mountain goats were also observed expanding into new areas and 
occurring in close proximity to bighorn sheep.   

Harvest Data 

In 2018, there was 1 hunter in the Targhee Herd (1 resident). The hunter was unsuccessful in 
harvesting a sheep. 

Over the past 19 years (2000-2018), a total of 15 rams have been harvested in Hunt Area 6. All 
15 rams have been harvested from the southern portion of the hunt area (generally from Teton 
Canyon to Moose Creek). The majority of harvest (12 of 15 rams) has occurred in the Teton 
Canyon/Wedge/Darby Canyon/Fossil Mountain area. This trend is likely due to relatively easier 
access on the southern end of the range. There are places in the north such as Red Mountain 
where sheep have been harvested in the past, but they require longer trips to access. 

Population  

This population is estimated to be approximately 100 animals. 

Management Summary  
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It is encouraging that more bighorn sheep were observed during the 2018 winter survey than 
during surveys the previous four winters. However, WGFD managers are concerned that this 
herd remains vulnerable to local extirpation due to small numbers, low genetic diversity and 
isolation, increasing disturbance from backcountry recreation, loss of historic winter ranges, and 
a growing mountain goat population. Several of these issues are receiving prioritization and 
attention in 2019 from the Teton Range Bighorn Sheep Working Group. One license will be 
offered for this herd in 2019 (1 nonresident hunter).  
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2018 - JCR Evaluation Form

SPECIES:  Bighorn Sheep PERIOD: 6/1/2018 - 5/31/2019 

HERD:  BS107 - JACKSON 
HUNT AREAS:  7 PREPARED BY: ALYSON COURTEMANCH 

2013 - 2017 Average 2018 2019 Proposed 

Trend Count: 349 363 400 

Harvest: 8 7 12 

Hunters: 10 11 12 

Hunter Success: 80% 64% 100 % 

Active Licenses: 10 11 12 

Active License Success 80% 64% 100 % 
Recreation Days: 99 118 150 

Days Per Animal: 12.4 16.9 12.5 

Males per 100 Females: 47 41 

Juveniles per 100 Females 34 49 

Trend Based Objective (± 20%) 400 (320 - 480) 

Management Strategy: Special 

Percent population is above (+) or (-) objective: -9.2% 

Number of years population has been + or - objective in recent trend: 7 
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2019 HUNTING SEASONS 
JACKSON BIGHORN SHEEP HERD (BS107) 

Hunt 
Area Type Season Dates Quota License Limitations Opens Closes 

7 1 Sep. 1 Oct. 31 12 Limited quota Any bighorn sheep 

Special Archery Seasons 

Season Dates 
Limitations Hunt Area Type Opens Closes 

7 1 Aug. 15 Aug. 31 Refer to Section 3 of Chapter 9 

Management Evaluation 

Mid-Winter Trend Count Objective: 400 ± 20% (320-480 sheep) 
Secondary Objective: Maintain a 3-year running average age of harvest rams 6-8 years old 
Management Strategy: Special  
2018 Mid-Winter Trend Count: 363 
3-Year Mid-Winter Trend Average (2016-2018): 378 
Evaluation: At objective 

The mid-winter trend count objective for the Jackson Bighorn Sheep Herd is 400 sheep ± 20% 
(320-480 sheep). The management strategy is special and the objective and management strategy 
were last revised in 2015.  The herd objective was publicly reviewed in 2015 and changed to a 
mid-winter trend count objective of 400 sheep because spreadsheet models do not adequately 
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simulate population trends. The current trend count is 363 sheep, which is within the objective 
range. 

The secondary objective for the herd is to maintain a 3-year running average age of harvested 
rams between 6-8 years old. Currently, this objective is being met. The average age of harvested 
rams in 2018 was relatively low at 5.5 years (max = 11.5 years). However, the average age from 
2016-2018 is 7.5 years. 

Herd Unit Issues 

This population is currently within the objective of 400 sheep ± 20% (320-480 sheep). Although 
the trend count is within the objective range, managers would like to see this herd continue to 
grow. The population experienced a pneumonia-related die-off in 2002 and again in 2012. An 
estimated 30% of the population died during the latest pneumonia event. However, lamb survival 
rebounded within a couple of years after both outbreaks, leading to relatively quick herd 
recoveries. The lamb ratio was relatively high again during the 2018 mid-winter trend count at 
49 lambs:100 ewes. There is ongoing surveillance in the herd to detect pneumonia symptoms and 
potential die-off events. 

Weather 

Spring and summer 2018 produced average moisture. Fall and early winter weather was very 
mild with warm temperatures and little snowfall at high elevations. The mild fall weather may 
have impacted hunter success because bighorn sheep migrated to low elevations after the season 
was over. Large snowstorms occurred in February that resulted in the rapid accumulation of a 
deep snowpack. Snowfall totals in February nearly surpassed the local record in Jackson Hole.  
At the time of the mid-winter survey in February 2019, winter snowpack was reported at 115% 
of average in the Snake River Basin. In general snow depths were greater in the low elevation 
valleys in Jackson Hole compared to the Gros Ventre drainage. Please refer to the following web 
sites for specific weather station data. 
http://www.wrds.uwyo.edu/wrds/nrcs/snowprec/snowprec.html and 
http://www.ncdc.noaa.gov/oa/climate/research/prelim/drought/pdiimage.html  

Habitat 

There were no significant habitat treatment projects or wildfires in the herd unit in 2018. Please 
refer to the 2018 Annual Report Strategic Habitat Plan Accomplishments for Jackson Region 
habitat improvement project summaries (https://wgfd.wyo.gov/Habitat/Habitat-Plans/Strategic-
Habitat-Plan-Annual-Reports).    

Field Data 

In February 2019, classification surveys were flown over low and high elevation winter ranges. 
A total of 363 sheep were observed including 190 females, 93 lambs, 76 adult males (including 
53 rams ≥3/4 curl), 3 yearling males, and 1 unclassified sheep. Herd unit ratios were 49 
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lambs:100 ewes and 40 adult rams:100 ewes. The lamb ratio is the highest it has been since the 
last pneumonia die-off in 2011/2012.  

Harvest Data 

Harvest data from 2018 indicate that 11 hunters harvested 7 rams (64% success). The herd has 
had relatively low harvest success in 2018 and 2017. It is unclear why this has occurred. The 
average age of harvested rams in 2018 was 5.5 years (max 11.5 years). In 2017, it was 8.3 years 
(max = 10.3 years). Based on classification surveys and the number of mature rams observed, 
ram harvest has not affected the ability of the population to grow. Managers are maintaining 
licenses at 12 for 2019.   

Population  

The mid-winter trend count observed 363 sheep. Past trends seem to indicate that pneumonia 
outbreaks may occur when the population reaches 500-600 animals. Currently, the population is 
increasing due to lamb recruitment and may approach this number within 5 years. Therefore, the 
public and managers should monitor the herd closely and anticipate another pneumonia outbreak 
in the near future.   

Management Summary  

Trend data indicate that the Jackson Bighorn Sheep Herd has recovered relatively quickly from a 
pneumonia outbreak in 2012. Overall numbers have steadily increased since the outbreak and 
lamb:ewe ratios continue to be relatively high. Based on past history, pneumonia outbreaks may 
occur when the population reaches 500-600 animals. Therefore, another outbreak could be 
expected within 5 years. Due to the population growth and availability of rams, 12 licenses will 
be offered in 2019. The WGFD plans to continue to monitor the population using radio-collars, 
disease sampling, and body condition measurements in 2019 to learn more about the interaction 
of respiratory pathogens, body condition, and population density in causing pneumonia 
outbreaks. 
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APPENDIX A 

Wyoming Bighorn Sheep and Mountain Goat Survival Summary Report 

Collaborative Greater Yellowstone Area Mountain Ungulate Research Effort 

December 2018 

Blake Lowrey, Jay Rotella, and Robert Garrott 

Overview 

Accurate estimates of vital rates are fundamental for understanding population processes and 
crafting effective management programs of wildlife populations. Population growth is explicitly 
described by several vital rates: adult survival, fecundity, juvenile survival, immigration, and 
emigration. Of these, adult female survival has the strongest potential to influence population 
growth rates of large ungulates (Gaillard 1998). We worked with regional collaborators to 
combine survey and collar data across multiple bighorn sheep and mountain goat herds to 
estimate adult female survival rates throughout Wyoming and surrounding areas. We used VHF 
and store-on-board GPS radio-collars equipped with mortality sensors which allowed for known-
fate survival estimation. Monitoring frequency varied between herds and ranged from a single 
spring and fall flight for VHF signals to daily monitoring of satellite-linked collars. The wide 
survival monitoring intervals often precluded cause of death determination, which is not detailed 
in this report.  

Methods 

Herd delineations 

Herd delineations largely adhered to state hunt areas for both bighorn sheep and mountain goats, 
although we combined some adjacent units to overcome small sample sizes (Table 1). 

Table 1. Bighorn sheep and mountain goats herd delineations, WY, USA.  

Species Hunt areas 
Name Description and aggregate areas 

Bighorn sheep 

Clark's Fork The Clark's Fork hunt area as well as animals in the northeast 
corner of YNP (i.e. The Thunderer) and adjacent areas. 

Franc's Peak The Franc's and Yount's Peaks hunt areas, as well as the 
Dubois Badlands. 

GTNP Grand Teton National Park 
Jackson The Jackson hunt area 
Trout Peak The Trout Peak hunt area 
Wapiti Ridge The Wapiti Ridge hunt area 

Mountain goats 

Snake River Range 
(SRR) Snake River Canyon in WY and the Palisades in ID 

Clark's Fork Hunt areas 1 and 3 in WY as well as animals in the northeast 
corner of YNP (i.e. The Thunderer) and adjacent areas 
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Analysis 

Survival rates were estimated in Program MARK using a known-fate analysis (White and 
Burnham 1999) conducted via the nest-survival module (Dinsmore et al. 2002, Rotella et al. 
2004), which is appropriate for telemetry data collected according to an irregular schedule and 
where each animal’s fate is known but the exact dates for mortality events are not all known. 
This approach has been used in a variety of studies of survival of radio-marked individuals in 
recent years (e.g., Colwell et al. 2007, Mong and Sandercock 2007, Buckley et al. 2015). The 
model estimated a unique survival rate for each species, herd, and season. Seasons were defined 
as 1) winter (December through May) and 2) summer (June through November) and 
accommodated the varied capture schedules across the region. We derived seasonal survival 
rates by raising estimated daily survival rates (DSR) for each season to the number of days in 
each season (estimated survival rate for winter = 𝐷𝑆𝑅�𝑤𝑖𝑛𝑡𝑒𝑟

182.5 ; estimated survival rate for summer 
= 𝐷𝑆𝑅�𝑠𝑢𝑚𝑚𝑒𝑟

182.5 ). The seasonal survival rates were then multiplied together to obtain estimates of 
annual survival. Although we estimated seasonal survival rates for all years, many of the 
beginning and ending years had low sample sizes (Table 2), and estimates from those years 
should be interpreted with caution. We used the delta method to derive measures of uncertainty 
(Seber 1982, Powell 2007) for seasonal and annual rates. We used program R (R Development 
Core Team 2017) to 1) implement the Program MARK analyses through the RMark package 
(Laake 2013) and 2) the delta method through the msm package (Jackson 2011). 

Table 2. Annual sample sizes of instrumented bighorn sheep and mountain goats. 

Species Herd 2007-
08 

2008-
09 

2009-
10 

2010-
11 

2011-
12 

2012-
13 

2013-
14 

2014-
15 

2015-
16 

2016-
17 

2017-
18 

BHS 

Clarks 
Fork 0 0 0 0 0 13 15 21 17 16 14 

Francs 
Peak 0 0 0 0 0 0 13 19 15 20 12 

GTNP 20 26 23 19 0 0 0 0 0 6 11 
Jackson 0 0 2 10 17 18 19 25 24 26 19 
Trout 
Peak 0 0 0 0 1 4 10 13 15 12 9 

Wapiti 
Ridge 0 0 0 0 4 4 0 12 24 33 29 

MTG 
Clarks 
Fork 0 0 0 0 0 14 18 25 23 17 11 

SRR 0 0 0 0 3 8 21 19 19 8 0 

Results 

Bighorn sheep 

Bighorn sheep survival rates were variable between seasons and among years and herds (Figures 
1-6). Winter survival rate estimates were generally lower than estimates for the summer season, 
which is a common pattern in large ungulate populations occupying higher latitudes. Variability 
in annual survival rate estimates was most notable for the Jackson and Trout Peak herds. Caution 
should be exercised in interpreting all single-season or annual survival estimates, however, as the 
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modest number of instrumented animals present in each herd resulted in relatively wide 
confidence intervals for most estimates (Table 3). In addition, for small sample sizes, it was often 
the case that no mortality events were recorded such that the corresponding estimated survival 
rate is 1.0. The estimates based on data pooled across years provide the best among-herd 
comparisons (Figure 7, Table 3). The pooled annual survival rates for the Wyoming bighorn 
sheep herds were similar across herds and ranged from 0.88 to 0.81 (mean = 0.84). Summer rates 
were high in all herds and ranged from 0.91 to 1.00 (mean = 0.97).  

Figure 1. Yearly summer (green), winter (blue) and annual (black) survival rate estimates for bighorn 
sheep in the Clarks Fork hunt area.   

Figure 2. Yearly summer (green), winter (blue) and annual (black) survival rate estimates for bighorn 
sheep in the Francs Peak hunt area.   
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Figure 3. Yearly summer (green), winter (blue) and annual (black) survival rate estimates for bighorn 
sheep in Grand Teton National Park.   

Figure 4. Yearly summer (green), winter (blue) and annual (black) survival rate estimates for bighorn 
sheep in the Jackson hunt area.   
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Figure 5. Yearly summer (green), winter (blue) and annual (black) survival rate estimates for bighorn 
sheep in the Trout Peak hunt area.   

Figure 6. Yearly summer (green), winter (blue) and annual (black) survival rate estimates for bighorn 
sheep in the Wapiti Ridge hunt area.   
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Figure 7. Pooled (across years) summer (green), winter (blue) and annual (black) survival rate, estimated 
for each bighorn sheep herd. Herds are ordered from highest to lowest annual survival rate. Estimated 
seasonal survival rates are shown below the respective point and confidence limit.  

Table 3. Bighorn sheep annual, summer, and winter survival rates estimated with data pooled across 
multiple years (see Table 2), WY, USA.   

Herd Season Est Lower CI Upper CI 
Clarks Fork Annual 0.878 0.806 0.951 

Summer 0.983 0.949 1.00 
Winter 0.894 0.827 0.961 

Francs Peak Annual 0.828 0.734 0.922 
Summer 0.978 0.936 1.00 
Winter 0.846 0.758 0.935 

GTNP Annual 0.847 0.76 0.934 
Summer 0.98 0.941 1.00 
Winter 0.864 0.782 0.947 

Jackson Annual 0.831 0.766 0.897 
Summer 0.912 0.86 0.964 
Winter 0.911 0.861 0.961 

Trout Peak Annual 0.842 0.734 0.95 
Summer 0.935 0.856 1.00 
Winter 0.901 0.815 0.987 

Wapiti Ridge Annual 0.807 0.72 0.895 
Summer 1.00 1.00 1.00 
Winter 0.807 0.72 0.895 
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Mountain goats  

As with bighorn sheep, mountain goat survival rates were variable across seasons and years 
(Figures 8 and 9). In contrast to bighorn sheep, survival rates for winter were generally higher 
than estimates for the summer season. However, given the modest sample sizes (Table 2), the 
yearly estimates should be interpreted with caution. Survival rates of 1.0 or those associated with 
large confidence intervals are the result of low sample sizes in the beginning and ending years of 
the study. Among-herd comparisons are best made using survival estimates generated by pooling 
monitoring data across all years of the study (Figure 10) and show similarities between the Snake 
River Range (SRR) and Clark’s Forks herds. Annual estimates ranged from 0.80 to 0.86. 
Survival rates were highest in winter and were similar in both study areas. Summer survival rates 
were slightly lower in the Clark’s Fork herd when compared to rates for the SRR, although the 
confidence intervals broadly overlap (Figure 10, Table 4). There were three legally harvested 
mountain goats in each of the study areas during the summer season (June through November).  

Figure 8. Yearly summer (green), winter (blue) and annual (black) survival rate estimates for mountain 
goats in the Clarks Fork hunt area. 
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Figure 9. Yearly summer (green), winter (blue) and annual (black) survival rate estimates for mountain 
goats in the Snake River Range of ID and WY.    

Figure 10. Pooled (across years) summer (green), winter (blue) and annual (black) survival rates, 
estimated for each herd. Estimated seasonal survival rates are shown below the respective point and 
confidence limit.  
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Table 4. Mountain goat annual, summer, and winter survival rates estimated with data pooled across 
multiple years (see Table 2), WY and ID, USA.   

Herd Season Est LowerCI UpperCI 
ClarksFork Annual 0.797 0.702 0.892 

Summer 0.840 0.754 0.926 
Winter 0.949 0.891 1.000 

SRR Annual 0.855 0.762 0.948 
Summer 0.914 0.839 0.988 
Winter 0.936 0.869 1.000 

Continued efforts 
We will continue to work with regional collaborators to collect and aggregate monitoring data 
for the next 1 or 2 years before finalizing the survival estimates. We are open to including 
additional data not yet summarized in this report in future iterations. We also plan to investigate 
the annual variation in survival estimates within herd and among herd variation using climate 
and landscape attribute data once monitoring of instrumented animals is completed. 
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75 

BIGHORN SHEEP NUTRITION-DISEASE PROJECT 
Project Background 

The presence of epizootic 
pneumonia to bighorn sheep 
populations muddles the 
already complicated 
processes underlying 
population dynamics, and is 
often the culprit for massive 
crashes of sheep 
populations. Although 
pneumonia caused by 
bacterial respiratory 
pathogens is known to be the 
underlying driver of massive 
mortality events, the 
frequency and intensity of 
die-offs are inconsistent, and 
infections are not always manifested in disease. Therefore, die-offs may be dependent upon 
certain ecological or environmental conditions—the understanding of which could yield 
management alternatives to help reduce the frequency of outbreaks. Identifying how disease, 
nutrition, and population densities interact is critical in developing management options for and 
improving our understanding of pneumonia in bighorn sheep. 

In Wyoming, the Statewide Bighorn Sheep Disease Surveillance 
Program, led by the Wyoming Game and Fish Department, has 
documented many bacterial pathogens in herds across the state. 
While some herds continue to do well, others have undergone 
repeated pneumonia outbreaks and recoveries, and others have 
never recovered from die-offs. By adding long-term research on 
bacterial pathogens, nutritional condition, survival, pregnancy, 
and lamb recruitment in female bighorn sheep from three herds 
over time to the ongoing Disease Surveillance Program, we can 
work to disentangle the relative roles of each of those 
components on crashes and recoveries of bighorn sheep 
populations throughout the state.  

Bighorn Sheep Captures and Disease Sampling 

Starting in March 2015, the Haub School of Environment and 
Natural Resources, Wyoming Cooperative Fish and Wildlife 
Research Unit, and the Wyoming Game and Fish Department, in 
collaboration with the US Fish and Wildlife Service, the 
Shoshone and Arapaho Tribes of the Wind River Indian 
Reservation, and the National Elk Refuge captured adult female 
bighorn sheep in the Jackson, Cody, and Whiskey herds of 
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northwest Wyoming. Each December and March thereafter, our objective was to recapture those 
same adult females to monitor how disease, nutritional condition, and reproduction of individuals 
varies seasonally. Adult females were captured via helicopter net-gunning (Jackson and Whiskey 
herds) and ground darting (Cody herd). Each subsequent winter and spring, we have attempted to 
recapture those females. In the spring of 2017, we expanded the project to include the Temple 
Peak herd and captured 11 animals from that population. 

During captures, numerous disease-related samples are collected from each animal including 
nasal and tonsil swabs, feces, and blood by the Wyoming Game and Fish Department Wildlife 
Disease Laboratory and following protocols established through the Statewide Bighorn Sheep 
Disease Surveillance Program. We specifically test sheep for Mycoplasma ovipneumoniae (M. 
ovi), Leukotoxin of Bibersteinia trechalosi, Manneheimia haemolytica, other Manneheimia 
species, and Pasteurella multocida, all bacterial pathogens associated with symptomatic 
pneumonia. Based on test results from our 2015 – 2017 samples, the Cody, Jackson, and Dubois 
herds had similar pathogen prevalence. Future work will examine patterns of pathogen 
prevalence through time.  

Assessing Nutritional Condition 

Some of the most interesting results stem from nutritional dynamics across the different 
populations (Fig. 1). The Dubois herd appears to be nutritionally limited on their summer ranges, 
while experiencing adequate winter conditions. Conversely, the Jackson herd appears to have 
robust summer ranges, but experience poorer conditions when on winter ranges than the Dubois 
herd. Finally, the Cody winter and summer ranges appear to fall somewhere in between those in 
Dubois and Jackson.  

Figure 1. Ingesta-free body fat (%±SE) of adult female bighorn 
sheep from March 2015 to March 2018 in the Cody, Dubois, 
and Jackson herds. 
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Reproduction and Recruitment 

Each spring, we determine pregnancy status of captured females, and if a female is pregnant, 
measure the eye diameter of her fetus. Size of eye diameters allows us to estimate growth of a 
fetus and predict parturition dates of the mother. Interestingly, pregnancy rate of the Dubois herd 
has remained relatively constant across the three years of this study, while pregnancy rate of 
Cody and Jackson herds has fluctuated some during the past 4 years (Fig. 2). 

Each fall, we conduct 
recruitment surveys in 
all three populations to 
determine which 
females successfully 
raised offspring 
through the summer. 
During winter captures, 
we also assess lactation 
status of females, 
which can provide 
additional evidence of 
recruitment (if a female 
is still lactating), or if 
she lost her offspring 
earlier in the summer 
or fall (if she is no 
longer lactating; Fig. 
3). Successfully 
recruiting young often 
results in females 
entering winter in lower 
nutritional condition, 
which could have 
important implications 
for survival over winter. 
Notably, recruitment of 
young in Dubois has 
been very poor during 
most years. 

Figure 2. Proportion of pregnant adult female bighorn sheep in March 
2015 - 2018 in the Cody, Dubois, and Jackson herds of northwest 
Wyoming. 

Figure 3. Proportion of adult female bighorn sheep that were lactating 
in December 2015, 2016, and 2017 in the Cody, Dubois, and Jackson 
herds of northwest Wyoming. 
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Disentangling the Interaction of Disease and the Environment on Bighorn Sheep 
Populations 

Piecing together how nutrition, disease, and other vital rates of populations interact to influence 
the overall health and success of a herd is paramount in effective management of bighorn sheep 
populations. Our work thus far has demonstrated that nutrition is an important part of the 

equation when attempting to understand 
how population characteristics influence 
crashes and recoveries of bighorn sheep 
populations and may play one of the most 
important roles in regulating populations 
of bighorn sheep.  

Although efforts are still underway to 
process and analyze current data, a few 
meaningful and yet, intriguing patterns 
have emerged. First, through the 
longitudinal study design, which includes 
recaptures in both winter and spring, we 
have identified potential differences in the 
seasonal ranges of the three herds. This is 
especially important in Dubois, where 
summer ranges appear to be lacking in 
nutritional quality and potentially 
influencing recruitment of offspring, 
despite a relatively high and constant rate 
of pregnancy. In 2016, recruitment in the 
Dubois herd was surprisingly low and the 
costs of lactation (when females did 
successfully recruit young) was much 
higher in Dubois than in the other two 
ranges, providing further evidence that 
there are differences in the summer ranges 
among the three populations that influence 
performance and the condition that a 
female enters winter in.  

We also observed a decline in the 
nutritional condition (in both autumn and 
spring) of females in the Jackson herd 
through time, which is linked to a decline 
in pregnancy rates of that population 
during those years. That corresponding 
change in both nutritional condition and 
pregnancy could be evidence of the 
Jackson herd reaching nutritional carrying 
capacity. Finally, despite some 
differences across the three ranges, 

Figure 4. Probability that a female bighorn sheep was 
lactating (and therefore likely recruited offspring) in 
fall based on her ingesta-free body fat in spring for the 
Cody, Jackson, and Dubois herds. 

Figure 5. Predicted change in fat from fall to spring 
of female bighorn sheep based on her ingesta-free 
body fat in fall, weight in fall, age, and pregnancy 
status in spring, for the Cody, Jackson and Dubois 
herds. 
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seasonal nutritional condition was linked strongly to pregnancy, recruitment of young and 
seasonal change in condition of bighorn sheep in northwestern Wyoming (Fig. 4 and 5).  

Additionally, we saw that some individuals appear to be able to clear pathogens, while some 
individuals test positive every sampling event. Future work will dig into how nutritional 
condition and immune function interact for an individual to be able to tolerate and/or clear 
pathogens. 

Understanding how nutrition, disease, survival, pregnancy, and lamb recruitment in female 
bighorn sheep from these three herds interact to influence population dynamics is critical in 
developing management plans to maintain healthy populations of one of our most cherished 
ungulate species in Wyoming.

Summer 2018 Field Work 

Two new Monteith Shop graduate students spent the summer in the Fitzpatrick and Gros Ventre 
Wilderness planning logistics for the next phases of the project. They hiked in on several 
collared animals to record group composition and collect fecal samples to use for preliminary 
analysis of summer diet. This will help inform us which plants are preferred throughout the 
summer in both ranges. 

This mother-offspring pair 
had visible symptoms of 
pneumonia. Mom had not 
yet shed her winter coat 
long into July 2018 and 
was in very poor body 
condition. The lamb was 
audibly and visibly 
coughing. They were 
hanging out with another 
ewe-lamb pair in the same 
condition.        

163



80 

Moving Forward 

Our efforts over the past four years of captures and monitoring of bighorn sheep in northwest 
Wyoming marks the first stage of a long-term research project to explore the disease-nutrition 
interface in bighorn sheep, and to develop an understanding of the range limits (i.e., nutritional 
carrying capacity) of our sheep populations in northwest Wyoming. With time, our goal is to piece 
together each female’s history to describe how she interacts with her environment, understand her 
success to survive and reproduce or lack thereof, and how she fits within the population in which 
she resides. By piecing together the histories of each female we monitor, we hope to add an 
important piece to the puzzle of the complex interactions of environment, disease, and dynamics 
of our cherished bighorn sheep populations.  

We will continue to recapture and monitor sheep in the 
Jackson, Cody, and Dubois herds until the winter of 
2021, and expand several aspects of the study to assess 
the interaction of disease and the environment on 
success of bighorn sheep populations more carefully. 
First, to monitor the reproductive efforts of these 
populations more closely, we will capture and collar 
neonate bighorn sheep in the Dubois and Jackson herds 
in the summers of 2019, 2020, and 2021, monitor their 
survival, and identify causes of mortality. In addition to 
lamb captures, we will conduct small habitat and 
grazing treatments on the summer ranges of both the 
Dubois and Jackson herds to investigate links between 
historical grazing pressures and to investigate potential 
management tools. Furthermore, we hope to gain a 
better understanding of the foraging conditions of these 
populations and what factors limits those conditions 
through diet analysis and vegetation work on both 
summer ranges.  

The fundamental components underlying any large 
ungulate population (e.g., habitat quality and quantity, 

and density dependent interactions) remain operational and yet, are often neglected when 
considering disease dynamics. Our work to date has demonstrated that indeed, infected populations 
are not immune from fundamental nutritional dynamics and instead, suggests that nutrition may 
well be a key explanatory factor, along with disease, of the disparity in performance across sheep 
herds in northwest Wyoming. 

Through this work, we have the opportunity to more effectively manage bighorn sheep and their 
habitat through science, potentially demonstrate the value of hunting as a conservation and 
management tool if doing so may mitigate the effects of pneumonia. Moreover, implicit with our 
continued work is calibrating models of animal-indicated nutritional carrying capacity for 
Wyoming sheep, which will increase the toolset for managers to understand how habitat, density, 
and extrinsic factors such as predation or perhaps disease are regulating these and other 
populations of bighorn sheep.
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Aly Courtemanch, Jackson 
alyson.courtemanch@wyo.gov 
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