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INTRODUCTION 
 
As part of Secretarial Order 3362 issued by the Department of the Interior in 2018 (United States 
Department of Interior 2018), wildlife agencies in 11 western states were tasked with developing State 
Action Plans that identify their top big game research priorities. The Wyoming Game and Fish 
Department (WGFD) identified the Carter Mountain pronghorn herd as their top priority – a population 
of nearly 8,000 animals that rely on a mix of private and public lands in the eastern Greater Yellowstone 
Ecosystem, ranging from the Absaroka Mountains east to the Bighorn River (Fig. 1). While segments of 
this herd were known to summer near Carter Mountain and migrate up to 40 miles east to various 
winter ranges in the Bighorn Basin, specific movement and distribution patterns have never been 
documented. We worked with state agencies, federal agencies, non-governmental organizations, and 
private landowners to equip 128 pronghorn with GPS collars to document seasonal migration and 
distribution patterns of this important pronghorn herd. Here, we report the findings from a two-year 
movement study and make available data and tools to inform management and conservation efforts, 
including roadway mitigation, fence modification (or removal), and identification of seasonal ranges and 
migration routes.  
 
METHODS 

 
Capture, Collaring, and Data Collection 
 
We used helicopter net-gunning to capture 103 adult female pronghorn in November 2019, 2 pronghorn 
in February 2020, 11 in August 2020, and 12 in December 2020.  All 128 animals were equipped with 
Global Star store-on-board GPS collars (Telonics, Inc., Mesa, AZ) programmed to collect 1 location every 
2 hours, and transmit 1 location every 8 hours via satellite. The 11 collars put out in August were 
targeted for high-elevation migratory pronghorn in the Phelps and Carter Mountain areas, whereas the 
other 117 animals were captured on lower-elevation winter ranges in the Bighorn Basin. Collars were 
equipped with mortality sensors that changed transmitter pulse rate if the collar remained stationary for 
8 hours. Four pronghorn died shortly after capture and their collars were placed on new animals. Collars 
were equipped with release mechanisms programmed to drop off on November 1, 2021 (n=121) or 
November 1, 2022 (n=7). Overall, we collected 806,528 GPS locations from 118 individual pronghorn 
between November 2019 and November 2021 (Fig. 1).  
 
Migration Patterns 
 
Population-level migration corridors and proportional levels of use – Migration sequences for the 
spring and fall migration of each migratory animal were identified manually as locations between 
distinct winter and summer ranges (Fig. 2), including the 12-hr period prior to and following migration 
(Sawyer et al. 2009). Compared to mule deer, the migratory movements of pronghorn are much less 
predictable (Morrison et al. 2021), both spatially (i.e., where they move) and temporally (i.e., when they 
move). For example, some pronghorn migrated several times a year, and others occasionally migrated 
during winter months. Nonetheless, we extracted all the obvious migration sequences to be included in 
this analysis and retained the individual animal as the experimental unit (i.e., each animal only 
contributed one corridor to population-level corridor). Rather than identifying migratory corridors with 
Brownian bridge movement model (BBMM; Horne et al. 2007), we opted for a simpler and more 
accurate depiction of migratory corridors, where we buffered the migration lines by 300 m and followed 
the same averaging process outlined by Sawyer et al. (2009). Assuming a representative sample of 
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animals, the population-level migration corridor reflects the spatial extent of migratory habitat used by 
the larger population.  
 

Figure 1. Location of the Carter Mountain Herd Unit in northwest Wyoming.  A total of 806,528 GPS 
locations were collected from 118 pronghorn between November 2019 and November 2021.  
 
Proportional level of use – When multiple migration routes radiate from a common winter range, as is 
often the case with ungulates we can identify which parts of those corridors are more heavily used than 
others. By overlaying the 300-m buffer of each animal’s migration route, we calculated the proportion of 
marked animals that used each migration segment. This step provides a clear way for agencies, industry, 
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and other stakeholders to prioritize which corridors are most critical or important. We categorized route 
segments into low (<10%), moderate (10-20%), and high-use (>20%) areas based on the proportion of 
the sampled population that used them (Sawyer et al. 2009, Kauffman et al. 2020a).  
 
Stopover sites – Although we did not use the BBMM to estimate corridors, we did use it to identify 
stopover sites (i.e., foraging and resting habitat) within the population-level migration corridor. 
Specifically, once migration sequences were extracted (Fig. 2), we used the BBMM package in Program R 
to estimate utilization distributions (UD) for individual routes. Individual UDs were then averaged to 
estimate a population-level migration corridor (Sawyer et al. 2009), from which we identified stopover 
sites as the top 10% of UD values (Kauffman et al. 2020a). Stopovers are important to migratory 
ungulates because they allow animals to maximize energy intake by migrating in concert with plant 
phenology (Sawyer and Kauffman 2011).  
 
Migration timing – We used dates from individual migration sequences (Fig. 2) to plot migratory start, 
end, and duration statistics for each animal by season and year. 
 
Seasonal Distribution 
 
We used the BBMM to estimate a winter, parturition, and year-round ranges for the Carter Mountain 
pronghorn herd. Specifically, we used the BBMM to estimate a UD for each animal and then averaged 
the individual UDs together to create a population-level UD that represented the overall seasonal 
distribution (Kauffman et al. 2020b). We then used the top 50% of UD values to delineate the core 
seasonal range boundaries (Kauffman et al. 2020b). We used GPS data collected November 15 through 
April 30 to map winter ranges, June 01 through June 15 to map parturition range, and all the GPS data to 
map year-round range.  
 
Hunt Area Interchange 
 
To evaluate and visualize pronghorn interchange among hunt areas in the Carter Mountain Herd Unit, 
we divided the hunting season into 3 periods (Sep 15-30, Oct 1-14, and Oct 15-Nov 15). We then created 
bar plots to show the number of pronghorn in each hunt area at the start of each time period, with 
corresponding stacked bar plots showing distribution of those same animals among hunt areas at end of 
the time period. 

 
Roadway Permeability  
 
Roadways and other linear features (e.g., fences) can alter, and sometimes block, pronghorn movement 
(Xu et al. 2021). We used several complementary analyses to evaluate roadway permeability in the 
Carter Mountain Herd Unit. Our roadway analysis was restricted to Highways 16, 32, 120, and 310 and 
was designed to identify not only where pronghorn cross highways, but also where their movements are 
stalled or blocked, and how that may differ on either side of the highway. To identify crossing hot spots, 
we used all of the GPS data to calculate: 1) the total number of pronghorn crossings by mile post and 2) 
the total number of individual GPS-collared pronghorn that crossed at each mile post. To identify 
highway segments where pronghorn movements were stalled or blocked, we used all the GPS data to 
calculate: 1) the total number of GPS locations within a 300 m buffer of the highway and 2) the total 
number of GPS-collared pronghorn that had locations within 300 m of the highway. This analysis was 
done for both sides of the highway to provide specific information on how permeability may vary 
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depending on which side of the highway (or both) pronghorn approach. We then categorized the 
pronghorn crossing and location totals as low, medium, or high by mile post, so that the results could be 
visualized with a heat map. To contrast with the permeability metrics, we also summarized pronghorn 
wildlife-vehicle collisions by mile post, as documented by the Wyoming Department of Transportation 
from 2016 through 2021.  
 
Given the multiple layers and complexity of this analysis and its clear application for roadway mitigation 
(e.g., right-of-way fence modification, wildlife crossing structures, etc.), we also provide the GIS layers in 
a pre-packaged .html document that allows users to zoom in to specific roadway segments, click on or 
off the various layers, and extract specific values (e.g., # of crossings or # of animals that crossed) for 
each mile post. This document was built using ‘Markdown’ v1.1, ‘R’ v4.0.2, and the ‘leaflet’ R package 
v2.0.3. Software requirements are an internet browser (preferably Chrome) and an internet connection.  
 
Survival 
 
We calculated annual (January 1 – December 31) survival rates (Kaplan and Meier 1958)for each 
complete year of study, including 2019 and 2020. Mean survival rate and plots of annual survival were 
reported for each year. Because relatively few pronghorn died during the study, we could not fit more 
complex survival models to examine differences between migrants or residents, or among different hunt 
areas. 

 
RESULTS 
 
Migration Patterns 
 
Population-level migration corridor – We estimated the population-level migration corridor from 180 
migration sequences collected from 58 individual (Fig. 2). Migration corridors extended 10 to 60 miles 
from the winter ranges in the Bighorn Basin to various summer ranges surrounding Carter Mountain, 
including the upper Greybull River and South Fork of the Shoshone (Fig. 3). 
 
Proportional level of use – Low, moderate, and high-use corridors were delineated within the broader 
population-level migration corridor (Fig. 3). The moderate and high-use corridors were relatively distinct 
and extended southwest from WY 32 in the Bighorn Basin across US 14 and Oregon Basin, across WY 
120 and into the Upper Greybull country. 
 
Stopover sites – The population-level migration corridor contained distinct stopover areas where 
pronghorn spent the majority of their time during migration (Fig. 4). Most stopover habitat overlapped 
with moderate and high-use portions of the migration corridor (Fig. 4).  
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Figure 2. Migration sequences (n=180) collected from 58 individual pronghorn between 2019 and 2021. 
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Figure 3. Population-level migration corridor, including low, moderate, and high-use segments estimated 
from 58 individual pronghorn between 2019 and 2021. 
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Figure 4. Population-level migration corridor and stopover habitat estimated from 58 individual 
pronghorn between 2019 and 2021. 
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Migration timing – The migratory timing of pronghorn was variable during the spring and relatively 
consistent during the autumn (Fig. 5). The timing of both spring and autumn migrations varied across 
years, with 2020 movements later than 2021. The duration of spring migration was longer than autumn 
migration in both 2020 and 2021, but durations tended to be longer in 2020 compared with 2021.  
 
 

Figure 5. Timing of pronghorn movements during spring and autumn migrations of 2020 and 2021. Points 
and horizontal bars represent individual pronghorn and vertical bars show the average departure and arrival 
date for each season. 
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Seasonal Distribution 
 
The overall year-round UD was based on 118 GPS sequences collected from 118 individual pronghorn 
(Fig. 6). The overall winter UD was based on 205 winter sequences collected from 117 individual 
pronghorn, and included winters 2019-20 and 2020-21 (Fig. 7). Core winter range occurred throughout 
most of the herd unit, from the Bighorn River west to the Upper Greybull and South Fork of the 
Shoshone. The largest contiguous block of winter range extended south from McCullough Peaks, 
through Oregon Basin, and onto Meteetsee Rim (Fig. 7). The overall parturition UD was based on 196 
GPS sequences collected from 113 individual pronghorn during June 2020 and 2021 (Fig. 8).  

 
Figure 6. Year-round range estimated for 118 GPS-collared pronghorn, November 2019 – November 
2021.  
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Figure 7. Core winter range estimated for 117 GPS-collared pronghorn during winters (15 November – 
30 April) 2019-2020 and 2020-2021.  
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Figure 8. Parturition range estimated for 113 GPS-collared pronghorn between June 1-15, 2020 and 
2021.  
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Hunt Area Interchange 
 
The number of GPS-collared pronghorn in each hunt area within the Carter Mountain Herd Unit varied 
considerably between the start (Sep 15) and end (Nov 30) of hunting season (Figs. 9, 10). During both 
2020 and 2021, most pronghorn were located in hunt area 82 at the beginning of the hunting season, 
but by the end of season hunt area 78 had the most animals. This information is intended to help the 
WGFD evaluate harvest strategies.  
 

 
Figure 9. Pronghorn distribution among hunt areas at start and end of 3 time periods during the 2020 
hunting season: Sep 15-30, Oct 1-14, and Oct 15-Nov 15. Stacked bar plots in right column show where 
animals moved from at beginning of each time period. 
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Figure 10. Pronghorn distribution among hunt areas at start and end of 3 time periods during the 2021 
hunting season: Sep 15-30, Oct 1-14, and Oct 15-Nov 15. Stacked bar plots in right column show where 
animals moved from at beginning of each time period. 
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Roadway Permeability 
 
We report the total number of pronghorn road crossings (Fig. 11) and the number of individual 
pronghorn (Fig.12) that crossed in each milepost segment. The number of road crossings and pronghorn 
varied by milepost marker across the study area (Figs. 11, 12). We subjectively categorized numbers into 
low, moderate, and high to help visualize the variable crossing levels, but encourage users to explore the 
GIS layers more closely in the .html mapper to see the exact number of crossings at each milepost 
marker. 
 
We also report the total number of pronghorn locations (Fig. 13) that occurred within 300 m of each 
side of the roadway for every milepost segment, and the number of pronghorn (Fig. 14) that had 
locations within 300 m of the roadway. The number of GPS locations and pronghorn varied by milepost 
marker across the study area (Figs. 13, 14). We subjectively categorized numbers into low, moderate, 
and high to help visualize the variable crossing levels, but encourage users to explore the GIS layers 
more closely in the .html mapper to see the exact number of locations and pronghorn at each milepost 
marker. Segments with high numbers may indicate areas where pronghorn want to cross the road, but 
cannot. Interestingly, some segments had high numbers on one side of the highway, but not the other. 
Such results may indicate a roadway approach (e.g., geography, vegetation, fencing, etc.) where one 
side of the road is more amenable for pronghorn movement than the other side.  
 
Together, these maps provide detailed information and where pronghorn cross roads and where they 
do not, as well as areas where pronghorn spend a lot of time adjacent to the road and how that varies 
on each side of the road. Given the complexity and multiple layers of these data, we put them all into an 
.html mapper as a tool to help agencies and NGOs inform roadway mitigation projects (e.g., fence 
modification, signage, crossing structures, etc.).  
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Figure 11. Total number of pronghorn highway crossings calculated for each milepost segment and 
categorized as low, moderate, or high. The total crossings depicted here can be heavily influenced by 
one or two animals crossing the highway many times. Refer to .html mapper for detailed information on 
each milepost segment. 
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Figure 12. Number of individual pronghorn that crossed the highway in each milepost segment, 
categorized as low, moderate, or high. The highest section had 53 different pronghorn cross.  Refer to 
.html mapper for detailed information on each milepost segment. 
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Figure 13. Total number of pronghorn GPS locations within 300 m of the highway, categorized as low, 
moderate, or high for each milepost segment. Counts were made independently on both sides of the 
highway to highlight segments where pronghorn may get stalled on one side, but not the other. The 
total number of GPS points depicted here can be heavily influenced by one or two animals spending a 
lot of time adjacent to the highway. Refer to .html mapper for detailed information on each milepost 
segment. 
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Figure 14. Number of individual GPS-collared pronghorn that had locations within 300 m of the highway, 
categorized as low, moderate, or high for each milepost segment. Counts were made independently on 
both sides of the highway to highlight segments where pronghorn may get stalled on one side, but not 
the other. Refer to .html mapper for detailed information on each milepost segment. 
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Survival 
 
Annual (December 1 – November 30) survival estimates for 2020 and 2021 were 0.85 (95% CI 0.78, 0.92) 
and 0.93 (95% CI 0.89, 0.98), respectively (Fig. 15). The 2021 estimate only included 11 months because 
collars dropped of November 1. During the two-year study 24 pronghorn died. Most mortality occurred 
during September and November (Fig. 16).  
 

 
 
 
 
 
 
 
 

Figure 15. Annual survival rates and 95% confidence intervals of GPS-collared pronghorn in the Carter 
Mountain Herd Unit during years 2020 and 2021. 
 
 
 
 
 
 
 
 

 

 
 
Figure 16. Monthly breakdown of pronghorn mortality in the Carter Mountain Herd Unit, November 2019 – 
November 2021.  
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DISCUSSION 
 
A fundamental need for effective wildlife management and conservation is knowing when and where 
animals move across the landscape, and where animals spend most of their time. For pronghorn, this 
seemingly basic information can be difficult to obtain because of their unpredictable movements 
relative to other ungulate species (Kauffman et al. 2018, Sawyer et al. 2019a, Morrison et al. 2021). 
Although it is not uncommon for ungulates to exhibit a range of movement strategies along a spectrum 
from residency to migration (Cagnacci et al. 2011), the seasonal movements of pronghorn tend to be 
less predictable and more nomadic than other common species like mule deer (e.g., Sawyer et al. 
2019b). The Carter Mountain Pronghorn Herd is no exception, where approximately 50% displayed 
some clear form of seasonal migration, 25% were non-migratory or residents, and the other 25% 
appeared to be nomadic (i.e., animals with unpredictable movements). While management of the 
resident segment is relatively straight-forward, managing pronghorn that are nomadic or migrate long 
distances is inherently difficult because of the mix of land ownership, land uses, and jurisdictional 
boundaries involved (Tack et al. 2019, Middleton et al. 2020). We used >800,000 GPS locations collected 
from 118 pronghorn to identify winter ranges, year-round range, parturition range, migration corridors 
and stopover habitat for the Carter Mountain Pronghorn Herd. These various GIS layers can help inform 
transboundary management (e.g., habitat treatments, road crossings, fence modifications, development 
proposals, hunting regulations), and highlight the critical role that both federal and private lands play in 
the Carter Mountain Herd Unit.  
 
Mapping seasonal ranges and migratory corridors can help agencies, landowners, tribal nations, and 
other stakeholders improve planning, management, and mitigation efforts. For example, the 2018 
Secretarial Order 3362 issued by the Department of the Interior directs the Bureau of Land 
Management, the National Park Service, and the US Fish and Wildlife Service to work with states and 
private landowners to minimize development and disturbance in migration corridors and winter ranges 
used by elk, mule deer and pronghorn (United States Department of Interior 2018). Relatedly, the state 
of Wyoming has its own Executive Order aimed at protecting mule deer and pronghorn migration 
corridors (State of Wyoming 2020). The US Geological Survey (USGS) is now collating ungulate migration 
and winter range data each year in mapping effort intended to make these data widely accessible for 
planning and management (Kauffman et al. 2020b). Data are collected annually from mule deer, elk, and 
pronghorn populations across the western US and made available in hard copy reports or can be viewed 
or downloaded from a web-based mapper. The pronghorn migration corridors and winter ranges from 
the Carter Mountain Herd are expected to be included in the Volume 4 USGS report, slated for 2023.  
 
The pronghorn migration corridors identified in the Carter Mountain Herd extend 40-60 miles, from the 
Bighorn Basin to the Upper Greybull River. Another less-used corridor connects the South Fork of the 
Shoshone with the Bighorn Basin. The moderate and high-use corridors cross several highways, 
including 120, 14, and 32. Stopover habitat was identified consistently throughout the high-use portion 
of the migration corridor, with smaller isolated pockets in low-use corridors. The timing of spring and fall 
migrations varied from year to year, with earlier movements in 2021 compared with 2020. Like mule 
deer (Monteith et al. 2011), the migration timing of pronghorn can vary considerably from year to year 
and likely among individuals that migrate different distances (Sawyer et al. 2016). It is difficult to draw 
any firm conclusions from only two years of data, but other ungulate populations in the West are 
changing the timing of their migrations to match vegetation green up associated with warming climates 
(Rickbeil et al. 2019, Aikens et al. 2020).  
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We used fine-scale GPS data to document year-round, winter, and parturition ranges.  Because 
pronghorn are highly mobile and show less fidelity to seasonal ranges than other ungulates, maps of 
year-round distribution can provide an intuitive and all-inclusive way to identify habitat that is important 
for pronghorn. However, most regulatory restrictions and requirements (e.g., seasonal timing 
stipulations) are tied specifically to the winter period. So, we also provide detailed maps on winter 
distribution that can be used to delineate critical winter range within the larger herd unit. Currently, 
there is no critical pronghorn winter range designated within the Carter Mountain Herd Unit. Relatedly, 
the parturition ranges provide spatially-explicit information on where pronghorn were during the 
fawning period. Accurate delineation of seasonal ranges can assist with habitat improvement projects, 
development siting, and other National Environmental Policy Act (NEPA) planning required on federal 
lands.  
 
Pronghorn survival rates were relatively high, at 85% in 2020 and 93% in 2021. Most mortality occurred 
in September and November. Unfortunately, we did not collect cause-specific mortality data because 
collars could not be recovered soon enough to determine cause of death. Nonetheless, these survival 
rates are indicative of a healthy population and one that the WGFD has been able to maintain at 
objective levels. However, a growing challenge for this and other pronghorn herds is retaining landscape 
connectivity and movement options in the face of increased traffic volumes on roadways and new 
fencing (Jones et al. 2019, McInturff et al. 2020, Xu et al. 2021) associated with development (Kauffman 
et al. 2018). The more movement options that pronghorn have, the better equipped they will be to 
persist through periods of drought, disease, climate change, or habitat loss. Accordingly, we put 
considerable effort into evaluating roadway permeability to pronghorn, including crossings numbers for 
each mile-marker segment, as well as a metric (i.e., number of GPS points within 300 m of road) that 
identifies segments on each side of the road where pronghorn movements were getting stalled or 
blocked. Not surprisingly crossing rates varied across the project area, but our analysis and html tool 
allows users identifies mile-markers where crossings were highest and lowest. Similarly, users can 
identify what segments and what side of the road pronghorn movements were stalling out or getting 
blocked. Together, these tools can help agencies and others inform mitigation projects (e.g., fence 
modification, signage, crossing structures, etc.) and be proactive about keeping roadways permeable to 
the Carter Mountain Pronghorn Herd.  
 
 
Additional Research Questions  
 
The main objectives of the Carter Mountain Pronghorn Study were to 1) identify seasonal movement and 
distribution patterns, and 2) evaluate permeability of highways for pronghorn movement.  Although the 
806,000 GPS locations collected from 118 pronghorn allowed us to achieve those objectives, that amount of 
detailed spatial data also generated new questions and additional research opportunities that were beyond 
the scope of this study. We highlight a several below. 
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Ecology of High-Elevation Migrants – A segment of the Carter Mountain Pronghorn Herd undergoes an 
extraordinary seasonal migration that extends from winter ranges in the Bighorn Basin to summer ranges 
on the high-elevation plateaus of the Absaroka Front (Fig. 17). These pronghorn gain nearly 6,000 vertical 
feet of elevation to utilize alpine meadows between 10,000 and 11,000 feet above sea level (Fig. 18). We 
documented high-elevation pronghorn from Carter Mountain south to the Phelps Mountain and Francs 
Peak area. There is no other pronghorn herd in the world that spends their summers at this elevation or 
environment, especially one that is shared with a suite of large carnivores, including grizzly bears, gray 
wolves, and mountain lions. Given the uniqueness and rarity of this population segment, further study on 
their basic ecology (e.g., diet, reproduction, predator avoidance, geographic range, etc.) is encouraged. 
 

 
Figure 17. Pronghorn #30 was one of several GPS-collared pronghorn that migrated from the Bighorn Basin 
to high-elevation summer ranges in the Upper Greybull River country.  
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Figure 18. Much of the summer range used by Pronghorn #30 was more than 10,000 feet in elevation. 
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Overshooting Fall Migration – An unusual behavior that we noticed while analyzing and mapping the GPS 
data was that some migratory pronghorn overshoot their winter range when returning in the fall. Rather 
than stop their migration when they arrive on winter range, they kept moving and basically wandered 
around for 1-4 weeks, before returning to winter range (Fig. 19). We have never observed this behavior, 
especially consistently across years and animals. Understanding what prompts this sort of migratory or 
exploratory behavior and what benefits might come from it, are additional research questions worth 
pursuing.  
 

 
Figure 19. Pronghorn #96 was one of several migratory pronghorn that consistently overshot its winter 
range upon returning on fall migration, moving >20 miles to the east before returning to winter range. In 
the fall of 2020, this pronghorn passed through its winter range on October 9 and returned November 3. 
The next year, in 2021, it passed through winter range on October 13 and returned October 18. 
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October Movement Forays – Some other unusual behaviors we documented were sporadic and relatively 
short-duration movements in October, where animals left winter range and returned days later (Fig. 20). 
These movements were obvious in ~49 animals in 2020 and ~24 in 2021 (Fig. 21).  The average movement 
duration was 8 days in 2020 and 5 days in 2021 (Fig. 21). Given how common these October forays were, it 
would be helpful to know whether these movements are triggered by weather, human disturbance, or just 
some seasonal exploration unrelated to weather or disturbance.  
 

 
Figure 20. Pronghorn #4 was a resident animal in Oregon Basin that left its year-round range for 5 days in 
October 2020. Although these types of October movements were relatively common, we do not know what 
triggered them. 
 

  
Figure21. Unusual October movements were documented in 49 animals in 2020 and 24 in 2021. The 
average movement duration was 8 days in 2020 and 5 days in 2021.   
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Individual Variation to Movement Barriers – While evaluating and mapping pronghorn movements across 
highways, it became clear that the ability or propensity of individual pronghorn to cross roads varied among 
individuals (Fig. 22). On all four highways (14, 32, 120, and 310) we found examples of pronghorn that 
shared a common seasonal range, but the movements of one animal was restricted by the highway and the 
other was not. Further research could help understand whether patterns like this arise simply because one 
animal simply wants to cross the road and the other does not, or if these patterns reflect individual variation 
in the ability of pronghorn to cross barriers.  
 

 
Figure 22. We found several examples along each highway where some pronghorn crossed roadways, but 
others did not. It is unclear how common or what causes individual variation as it relates to linear barriers. 
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Riparian and Agricultural Barriers – Pronghorn are highly mobile animals that require large swaths of land 
and the ability to move as environmental conditions change. Because they can have a difficult time crossing 
roadways, railroads, and certain types of fences, much of our management attention is focused on 
modifying roads and fences so they are permeable to pronghorn. However, at a broader scale, it is clear 
that rivers and associated agricultural and riparian areas, can restrict pronghorn movements. For example, 
the Carter Mountain Pronghorn Herd is essentially boxed in by the Shoshone, Greybull, and Bighorn Rivers 
(Fig. 23). Pronghorn only crossed the Greybull River in its upper reaches above Meteetsee and only crossed 
the Shoshone River in the upper South Fork. It’s not clear how the rivers, agriculture, and riparian habitats 
(or adjacent roads) each contribute to restricting pronghorn movements, but we do know pronghorn can 
easily cross large rivers at run-off stage when crossings occur adjacent to undeveloped shrublands or 
grasslands (e.g., the Green River in western Wyoming). To ensure long-term viability and movement 
options, it may be worth considering how or if movement corridors could be created through these 
riparian/agricultural systems so that pronghorn can access rangeland habitats on either side.  
 

 
Figure 23. The Carter Mountain Pronghorn Herd is effectively bounded the Shoshone River to the north, 
Bighorn River to the east, and Greybull River to the south. 
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Potential Impacts of Development – Pronghorn from the Carter Mountain Herd heavily rely on multiple-use 
lands administered by the Bureau of Land Management (BLM). The large GPS data set provides excellent 
baseline data to evaluate potential impacts of new development projects proposed on BLM lands. 
Additionally, these data could be used to evaluate how pronghorn interact with or are affected by existing 
development, such as the Oregon Basin Oilfield or the produced water from the development.   
 
 
REFERENCES 
 
Aikens, E. O., K. L. Monteith, J. A. Merkle, S. P. H. Dwinnell, G. L. Fralick, and M. J. Kauffman. 2020. 

Drought reshuffles plant phenology and reduces the foraging benefit of green-wave surfing for a 
migratory ungulate. Global Change Biology 26:4215–4225. 

Cagnacci, F., S. Focardi, M. Heurich, A. Stache, A. J. M. Hewison, N. Morellet, P. Kjellander, J. D. C. Linnell, 
A. Mysterud, M. Neteler, L. Delucchi, F. Ossi, and F. Urbano. 2011. Partial migration in roe deer: 
Migratory and resident tactics are end points of a behavioural gradient determined by ecological 
factors. Oikos 120:1790–1802. 

Jones, P. F., A. F. Jakes, A. C. Telander, H. Sawyer, B. H. Martin, and M. Hebblewhite. 2019. Fences 
reduce habitat for a partially migratory ungulate in the northern sagebrush steppe. Ecosphere 10. 

Kaplan, E. L., and P. Meier. 1958. Nonparametric Estimation from Incomplete Observations. Journal of 
the American Statistical Association 53:457. 

Kauffman, M., H. Copeland, J. Berg, S. Bergen, E. Cole, M. Cuzzocreo, S. Dewey, J. Fattebert, J. Gagnon, E. 
Gelzer, C. Geremia, T. Graves, K. Hersey, M. Hurley, R. Kaiser, J. Meacham, J. Merkle, A. Middleton, 
T. Nuñez, B. Oates, D. Olson, L. Olson, H. Sawyer, C. Schroeder, S. Sprague, A. Steingisser, and M. 
Thonhoff. 2020b. Ungulate migrations of the Western United States, volume 1. Scientific 
Investigations Report. US. Geological Survey Scientific Investigations Report 2020-5101. 

Kauffman, M. J., J. E. Meachum, H. Sawyer, A. Y. Steingisser, W. J. Rudd, and E. Ostlind. 2018. Wild 
Migrations: Atlas of Wyoming’s Ungulates. Oregon State University Press, Corvallis, Oregon, USA. 

McInturff, A., W. Xu, C. E. Wilkinson, N. Dejid, and J. S. Brashares. 2020. Fence Ecology: Frameworks for 
Understanding the Ecological Effects of Fences. BioScience 70:971–985. 

Middleton, A. D., H. Sawyer, J. A. Merkle, M. J. Kauffman, E. K. Cole, S. R. Dewey, J. A. Gude, D. D. 
Gustine, D. E. McWhirter, K. M. Proffitt, and P. J. White. 2020. Conserving transboundary wildlife 
migrations: recent insights from the Greater Yellowstone Ecosystem. Frontiers in Ecology and the 
Environment 18:83–91. 

Monteith, K. L., V. C. Bleich, T. R. Stephenson, B. M. Pierce, M. M. Conner, R. W. Klaver, and T. Bowyer. 
2011. Timing of seasonal migration in mule deer: Effects of climate, plant phenology, and life-
history characteristics. Ecosphere 2. 

Morrison, T. A., J. A. Merkle, J. G. C. Hopcraft, E. O. Aikens, J. L. Beck, R. B. Boone, A. B. Courtemanch, S. 
P. Dwinnell, W. S. Fairbanks, B. Griffith, A. D. Middleton, K. L. Monteith, B. Oates, L. Riotte-
Lambert, H. Sawyer, K. T. Smith, J. A. Stabach, K. L. Taylor, and M. J. Kauffman. 2021. Drivers of site 
fidelity in ungulates. Journal of Animal Ecology 90:955–966. 

Rickbeil, G. J. M., J. A. Merkle, G. Anderson, M. P. Atwood, J. P. Beckmann, E. K. Cole, A. B. Courtemanch, 
S. Dewey, D. D. Gustine, M. J. Kauffman, D. E. McWhirter, T. Mong, K. Proffitt, P. J. White, and A. D. 
Middleton. 2019. Plasticity in elk migration timing is a response to changing environmental 
conditions. Global Change Biology 25:2368–2381. 

Sawyer, H., J. P. Beckmann, R. G. Seidler, and J. Berger. 2019a. Long-term effects of energy development 
on winter distribution and residency of pronghorn in the Greater Yellowstone Ecosystem. 
Conservation Science and Practice 1. 

Sawyer, H., and M. J. Kauffman. 2011. Stopover ecology of a migratory ungulate. Journal of Animal 



 

 

Carter Mountain Pronghorn Study 31 May 2022 

Ecology 80:1078–1087. 
Sawyer, H., M. J. Kauffman, R. M. Nielson, and J. S. Horne. 2009. Identifying and prioritizing ungulate 

migration routes for landscape-level conservation. Ecological Applications 19:2016–2025. 
Sawyer, H., J. A. Merkle, A. D. Middleton, S. P. H. Dwinnell, and K. L. Monteith. 2019b. Migratory 

plasticity is not ubiquitous among large herbivores. Journal of Animal Ecology 88:450–460.  
Sawyer, H., A. D. Middleton, M. M. Hayes, M. J. Kauffman, and K. L. Monteith. 2016. The extra mile: 

Ungulate migration distance alters the use of seasonal range and exposure to anthropogenic risk. 
Ecosphere 7. 

State of Wyoming. 2020. Wyoming Mule Deer and Antelope Migration Corridor Protection. Cheyenne, 
WY, USA. 

Tack, J. D., A. F. Jakes, P. F. Jones, J. T. Smith, R. E. Newton, B. H. Martin, M. Hebblewhite, and D. E. 
Naugle. 2019. Beyond protected areas: Private lands and public policy anchor intact pathways for 
multi-species wildlife migration. Biological Conservation 234:18–27. 

United States Department of Interior. 2018. Secretarial order 3362: Improving habitat quality in western 
big game winter range and migration corridors. 

Xu, W., N. Dejid, V. Herrmann, H. Sawyer, and A. D. Middleton. 2021. Barrier Behaviour Analysis (BaBA) 
reveals extensive effects of fencing on wide-ranging ungulates. Journal of Applied Ecology 58:690–
698. 

 


