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INTERACTIONS OF EPIZOOTIC PNEUMONIA & 
NUTRITION IN BIGHORN SHEEP 

 

The entrance 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 dieoffs are inconsistent, and infections are not always 

manifested in disease. Therefore, dieoffs 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 

dieoffs.  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.   
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BIGHORN SHEEP CAPTURES & 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 

northwest Wyoming. Each December and March 

thereafter, our objective was to recapture those 

same adult females to monitor how their 

recruitment status, disease status, nutritional 

condition and reproduction status varies 

seasonally. Adult females were captured via 

helicopter netgunning (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 also included the Temple Peak herd and 

captured 11 animals from that population. 
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During captures, numerous disease-related samples are 

collected from each animal including nasal and tonsil 

swabs, feces, and blood following protocols established 

through the Statewide Bighorn Sheep Disease 

Surveillance Program. Samples are currently being 

analyzed by the Wildlife Disease laboratory to identify 

respiratory pathogens and macro-, and micro-nutrient 

levels. Future work will seek to assess whether previous 

experiences of individual animals affect their probability 

of becoming infected, becoming symptomatic, and their 

subsequent effects on vital rates.  Results from these 

analyses are forthcoming.  

 

 

 

 

 

  

  

 

  

 

 

  

  

  

 

 

A bighorn sheep from the Jackson herd with 

visible symptoms of Ecthyma contagiosum in the 

spring of 2016. 

Benjamin Kraushaar 
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In addition to disease testing, we measured 

nutritional condition using a combination of 

ultrasonography and body condition scoring based 

on standardized methods developed for bighorn 

sheep for each captured animal.  Nutritional 

condition of an animal is a product of its 

environment and therefore, represents the 

energetic gains and deficits experienced by an 

animal, as well as the nutritional reserves it carries 

into the upcoming season. Assessing nutritional 

condition of an animal is a critical step in 

understanding how disease, the environment, 

pregnancy and recruitment interact to affect 

bighorn sheep populations throughout the state. 

We also estimate age using a combination of 

toothwear and replacement patterns, and by 

counting horn annuli. Age data are critical to 

understanding behavior, nutritional condition, 

reproductive performance, and disease exposure 

of individuals 



 7 

ASSESSING NUTRITIONAL CONDITION  

 

    

  

 

 

As of the summer of 2017, some of the most 

interesting results stem from nutritional 

dynamics across the different populations. 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 2017 in the Cody, Dubois, Jackson 

and Temple Peak herds. 

Figure 2. Change in body mass (%±SE) of adult 

female bighorn sheep between summer and 

winter in 2016 and 2017 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 

the Cody herd has steadily declined and 

pregnancy rate of the Jackson herd first 

increased slightly in 2016 and then dropped 

substantially in 2017. 

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). Lactation rates and 

thus, lamb recruitment was particularly poor 

for sheep in Dubois during summer 2016. 

 

 

Figure 3. Proportion of pregnant adult female 

bighorn sheep in March 2015 -2017 in the Cody, 

Dubois, Jackson and Temple Peak herds of 

northwest Wyoming.  

Figure 4. Proportion of adult female bighorn 

sheep that were lactating in December 2015 and   

2016 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 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 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.  

 

 

 

 

 

 

 

 

Figure 5. Probability that a female bighorn sheep 

was lactating (and therefore likely recruited 

offspring) in autumn based on her ingesta-free body 

fat in spring for the Cody, Jackson, and Dubois 

herds. 
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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 

over the past three years. That corresponding 

change in both nutritional condition and 

pregnancy could be evidence of the Jackson herd 

reaching nutritional carrying capacity and thus, 

could indicate that a potential dieoff may be 

imminent. Finally, despite some differences 

across the three ranges, we found that seasonal 

nutritional condition is linked strongly to 

pregnancy, recruitment of young and seasonal 

change in condition of bighorn sheep in 

northwestern Wyoming.  

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.  

Figure 6. Predicted change in fat from 

autumn to spring of female bighorn sheep 

based on her ingesta-free body fat in autumn, 

weight in autumn, age, and pregnancy status 

in spring, for the Cody, Jackson and Dubois 

herds. 
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 LOOKING  FORWARD 

Our efforts over the past three years of captures and 

monitoring of bighorn sheep in northwest Wyoming 

marks what we hope to be the first step in exploring 

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.  

Given evidence to date of factors currently affecting 

sheep in northwest WY, our hope is to continue 

recapturing and monitoring sheep in the Jackson, 

Cody, and Dubois herds until the winter of 2020, 

while digging deeper into quantifying summer 

nutrition and measuring survival of young. To 

monitor the reproductive efforts of these 

populations more closely, our goal is to capture and collar neonate bighorn sheep in the Dubois 

and Jackson herds in the summers of 2019 and 2020, monitor their survival, and identify causes 

of mortality. Furthermore, we hope to gain a better understanding of the nutritional contributions 

of summer range through diet analysis and vegetation assessment on the summer ranges of both 

the Dubois and Jackson herds.  
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It has become clear that the fundamental components underlying any large ungulate population 

(e.g., habitat quality and quantity, and density dependent interactions) remain operational, even in 

the presence of disease. Our work to date has demonstrated that indeed, infected populations are 

not divorced 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 offering additional hunting 

opportunity if doing so may mitigate the effects of pneumonia, and demonstrate the value of 

hunting as a conservation and management tool. 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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THANK YOU!  

This project would not be possible without the financial and logistical support of our research 

partners.  Funding has been provided by the Wyoming Wildlife/Livestock Disease Research 

Partnership and the Wyoming Governor’s Big Game License Coalition.  We thank the Shoshone 

and Arapaho tribes for access to lands on the Wind River Indian Reservation, and to the US Fish 

and Wildlife Service for access to the National Elk Refuge for capture and research.  We also thank 

the numerous folks who took time out of their busy schedules to assist with captures. Thanks to 

M. Gocke and B. Kraushaar for photographs contained herein. 
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