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Abstract
An increasing global demand for energy assures continued disturbance to previ-

ously undeveloped landscapes, but understanding broader impacts to wildlife

remains elusive. Among groups of species most vulnerable to habitat disruption are

those requiring large tracts of land. Pronghorn (Antilocapra americana) are an obli-

gate to the open plains and basins that, similar to other transcontinental large herbi-

vores, rely primarily on habitats where development of energy resources such as

oil, natural gas, coal, wind, and solar are intensifying. To understand behavioral

response to a burgeoning energy development project, we evaluated avoidance, dis-

placement, and winter residency patterns of pronghorn in the southern Greater Yel-

lowstone Ecosystem across a 15-year period using 171 collared individuals.

Distance from natural gas well pads increased through time and was concurrent

with declines in winter residency. Between 2005 and 2017, we found that

(a) pronghorn avoidance of well pads likely increased by 408 m, (b) the overall dis-

placement of pronghorn relative to well pads in the final year of study increased by

800 m, (c) the time pronghorn spent in the study area was reduced by 22% (nearly

1 month), and (d) the percentage of pronghorn leaving the study area increased by

57%. Such directional changes signal a strong behavioral response of an open-plain

obligate to energy infrastructure, and together, these metrics indicate that prong-

horn response to energy development involves both avoidance of infrastructure and

partial abandonment of their traditional winter ranges. While comparable long-term

data sets are generally unavailable for other functionally equivalent ungulate

groups in similar ecological topographies of Asia, Africa, and South America, our

study may serve as a reasonable surrogate and highlights that behavioral changes

elicited from energy development which at first appear subtle can proliferate and

may portend demographic consequences.
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1 | INTRODUCTION

The world's energy needs continue to increase as human
populations surge (Kiesecker & Naugle, 2017). From central
Asia to Africa and from South to North America, grassland
basins and deserts host both a wide array of wild herbivores
and abundant energy resources (e.g., oil, natural gas, coal,
wind, solar) that are more readily accessible than those situ-
ated in mountains or oceans. North America alone hosts an
active fossil fuel program where some 50,000 oil and gas
wells are added annually (Allred et al., 2015), many of
which are located in the open habitats of the basins and
plains (Copeland, Doherty, Naugle, Pocewicz, & Kiesecker,
2009). While industrial activities vary regionally and
transcontinentally (Harfoot et al., 2018), data on potential
impacts are lacking for most species, including such visibly
notable species as Bactrian camels (Camelus bactrianus) to
saiga antelope (Saiga tatarica), giraffes (Giraffa camelopar-
dalis) to elephants (Loxodonta africana), and guanacos
(Lama guanicoe) to pronghorn (Antilocapra americana)—
all of which have expansive land requirements. For some
ungulates and, more broadly, biological diversity
(Canaday & Rivadeneyra, 2001; Harfoot et al., 2018; Suárez
et al., 2009), the proliferation of roads associated with devel-
opment has reduced the amount of habitat and, in some
cases, the abundance of species through poaching patterns
consistent from Patagonia to eastern Mongolia (Olson et al.,
2011; Radovani, Funes, Walker, Gader, & Novaro, 2015).
Regardless of geography, energy development projects typi-
cally comprise networks of roads and other infrastructure
that contribute to habitat fragmentation and adverse effects
to wildlife (Kiesecker & Naugle, 2017; Loomis & Haefele,
2017; Naugle, 2011).

Conservation planning requires detailed data on animal
movements and behavioral changes associated with various
forms of disturbance (e.g., fire, habitat loss, human develop-
ment), especially with respect to the collapse of migratory
ungulate populations (Berger, 2004; Harris, Thirgood, Hop-
craft, Cromsigt, & Berger, 2009). Here, we use 15 years of
location data to document how the construction and expan-
sion of a natural gas field in the southern Greater Yellow-
stone Ecosystem has affected North America's sole endemic
living ungulate, the pronghorn. Pronghorn occupy the sage-
brush (Artemisia spp.) and grassland basins of the Inter-
mountain West—a region that has been dramatically
affected by energy development in recent decades (Jones,
Pejchar, & Kiesecker, 2015; Leu, Hanser, & Knick, 2008).
Efforts to mitigate impacts of large-scale energy develop-
ment on sagebrush-obligate wildlife have focused primarily
on greater sage-grouse (Centrocercus urophasianus; Walker,
Naugle, & Doherty, 2007; Doherty, Naugle, Walker, & Gra-
ham, 2008; Kirol, Beck, Uzurbazar, Holloran, & Miller,

2015) and mule deer (Odcoileus hemionus; Sawyer, Nielson,
Lindzey, & McDonald, 2006; Sawyer, Korfanta, Nielson,
Monteith, & Strickland, 2017; Northrup & Wittemyer, 2013;
Lendrum, Anderson, Monteith, Jenks, & Bowyer, 2014;
Northrup, Anderson, & Wittemyer, 2015), mainly because
sage-grouse have been considered for listing under the
Endangered Species Act, and mule deer represent one of the
most popular and wide-ranging game species in North
America. The concerted efforts around sage-grouse and mule
deer have provided extensive knowledge on avoidance
behavior, population-level impacts, and mitigation strategies
for those species (Naugle, 2011; Northrup & Wittemyer,
2013; Sawyer et al., 2017). Less attention has been given to
broad-scale energy development and habitat alteration at the
interface of sagebrush habitats and pronghorn populations
(Beckmann, Murray, Seidler, & Berger, 2012; Beckmann,
Olson, Seidler, & Berger, 2016).

The few pronghorn-specific studies suggest that behav-
ioral responses, such as avoidance, may be difficult to detect
or in some cases, may not occur (Beckmann et al., 2012;
Christie, Jensen, & Boyce, 2017; Christie, Jensen,
Schmidt, & Boyce, 2015)—a sharp contrast from mule deer
that show clear responses across regions (Northrup et al.,
2015; Sawyer et al., 2006, 2017). For example, Beckmann
et al. (2012) showed habitat patches with high levels of dril-
ling activity were used less by pronghorn, but there was no
clear relationship between pronghorn use and distance to
energy infrastructure. Relatedly, another study in North
Dakota found pronghorn avoided roads but not well pads
(Christie et al., 2017), whereas Seidler, Long, Berger, Ber-
gen, and Beckmann (2015) found that pronghorn avoided
dense energy development during migratory periods. The
detection of demographic responses of pronghorn to energy
development has been even more challenging (Beckmann
et al., 2016), but in North Dakota, population declines have
been correlated with increased oil and gas development
(Christie et al., 2015). Overall, the small number of studies
and lack of long-term study commitment (Kretser,
Beckmann, & Berger, 2018) has limited the ability of con-
servation planners and wildlife agencies to accommodate
pronghorn in development plans and mitigation efforts
because there is no clear consensus on how or if energy
development affects pronghorn (Hebblewhite, 2011).

The study and conservation of species with nomadic or
unpredictable movements is more challenging than for spe-
cies with more static movements (Runge, Martin,
Possingham, Willis, & Fuller, 2014), such as mule deer, for
example, which travel the same routes and occupy the same
confined ranges year after year (Garrott, White, Bartmann,
Carpenter, & Alldredge, 1987; Sawyer et al., 2019). Such
differences are apparent with mule deer and pronghorn
populations in the southern portion of the Greater
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Yellowstone Ecosystem (GYE), where mule deer tend to
occupy relatively small (~5 km2; Figure 1) winter ranges
and return to them annually (Sawyer et al., 2019). When
energy development encroaches on those areas, it is easy to
measure and detect individual animals avoiding the devel-
oped portions of their winter range (Northrup et al., 2015;
Sawyer et al., 2006; Sawyer, Kauffman, & Nielson, 2009).
Pronghorn on the other hand, utilize a much larger swath of
winter range habitats (~125 km2; Figure 1) and move about
often and unpredictably (Bruns, 1977; Collins, 2016; Kolar,
Millspaugh, & Stillings, 2011; Sawyer, Lindzey, &
McWhirter, 2005). Not surprisingly, it is more difficult to
detect a directional behavioral response to infrastructure
when animals are moving around a large area, rather than
remaining confined to a smaller area; as highly mobile

animals have inherently higher levels of movement variation
compared to those that remain more stationary. The chal-
lenges associated with detecting behavioral changes in
highly mobile species can be accentuated by short-term
study, especially in regions prone to variable weather events
and environmental conditions (e.g., Jakes et al., 2018). Fur-
thermore, constraining or limiting analyses to political or
administrative boundaries may not capture the spatial scale
at which some types of behavioral changes are evident. For
example, the amount of time that mobile species such as
pronghorn spend outside a politically defined project area
may, in some cases, provide a useful metric to detect broad-
scale behavioral changes concurrent with land-use changes
that occur inside the project area, such as energy
development.

FIGURE 1 Study area and well
pad development relative to the
Pinedale anticline project area in
western Wyoming, USA. Mule deer
#470 and pronghorn#142 data from
winter of 2015–2016 illustrate how
pronghorn tend to move around larger
areas during winter compared with
mule deer

SAWYER ET AL. 3 of 11



We used location data collected from 171 individuals
spanning 2 years before and 13 years during development to
examine the winter distribution and residency patterns of
pronghorn relative to an expanding natural gas project. We
annually measured distance to nearest well pad as a metric
of avoidance inside the project area and evaluated two sim-
ple but complementary metrics of residency that captured
animal movements outside the project area, including the
average amount of time animals spent outside of the study
area and the percentage of marked animals that left the study
area each year. An interpretation of these metrics is as fol-
lows. A finding of no change suggests winter distribution
and residency patterns remain consistent throughout increas-
ing large-scale energy development. In contrast, an increase
in distance from well pad through time is indicative of
avoidance behavior, whereas a decrease in the amount of
time animals spent in the project area, combined with an
increase in the number of animals leaving the project area,
indicate lower winter residency rates. While we focus on a
North American example, our results emphasize that a lon-
ger temporal lens (> 10 yrs) can reveal changes in animal
movement and behavior that would otherwise be obscured—
a lesson applicable to species and continents beyond North
America.

2 | METHODS

2.1 | Study area

Our study area was located inside the Pinedale Anticline
Project Area (PAPA) (42.755�N, −109.861�W) of western
Wyoming (Figure 1), an area that encompasses the southern
extent of the GYE and supports thousands of pronghorn,
some of which migrate 160+ km to Grand Teton National
Park (Berger, 2004; Berger, Cain, & Berger, 2006; Sawyer
et al., 2005). The PAPA is the largest natural gas field in the
GYE and encompasses approximately 800 km2 of high-
elevation (2,072–2,370 m) sagebrush (Artemisia sp.) and
sagebrush-grasslands administered mostly by the Bureau of
Land Management (BLM 2000; Figure 1). The BLM
approved development of 700 producing well pads, 645 km
of pipeline, and 444 km of access roads in July of 2000
(BLM, 2000); most construction did not begin until 2001.
An additional 4,400 wells were approved for development in
2008 (BLM, 2008; Figure 2). Winter disturbance included a
mix of access roads, active drilling operations, and produc-
ing wells. Although some drilling was allowed during winter
(Sawyer et al., 2017), the majority of well pads that prong-
horn were exposed to during winter months contained wells
that were in production phase (Figure 2). Compared with
drilling well pads, the lower levels of human activity and
traffic at producing well pads tend to have less disturbance

on ungulates (Sawyer et al., 2009). The footprint of active
wells, access roads and other infrastructure expanded annu-
ally over the study period. The PAPA has been designated
as crucial pronghorn winter range for more than 50 years
(Beckmann et al., 2012) and supports an estimated
1,500–3,000 individuals (Sawyer et al., 2005). Our analysis
was restricted to 550 km2 of the northern half of the PAPA,
where GPS monitoring of pronghorn was focused
(Figure 1).

2.2 | Capture and data collection

We collected location data on pronghorn 2 years before devel-
opment and for 13 consecutive years during development. For
the development phase, we used helicopter net-gunning to
capture adult (≥1.5 years of age) female pronghorn on winter
ranges in the PAPA. We attempted to sample pronghorn in
proportion to their abundance, as determined by a pre-capture
survey. We captured 150 pronghorn in the study area between
December 2005 and March 2016. All pronghorn were
equipped with GPS collars (ATS, Isanti, Minnesota and
Telonics, Mesa, Arizona) that collected locations every 2–3 hr
for 1–2 years. We restricted analyses to animals that collected
data for at least 30 days. Overall, we collected 146,432 winter
locations inside the study area from 142 individuals across
13 winters, beginning in 2005 and ending in 2017. Fix suc-
cess of GPS collars was >99% precluding fix-rate or other
bias introduced by missing locations (Frair et al., 2010).

We collected pre-development data from 35 pronghorn
that were captured with the same methodology during the
summer of 1998 in Grand Teton National Park (Sawyer
et al., 2005). Unlike the development-phase animals that
were equipped with modern GPS collars, we marked these

FIGURE 2 Cumulative number of natural gas wells drilled and
completed in the Pinedale anticline project area in western Wyoming,
USA, 2004–2016. For each winter, pronghorn were exposed to wells
drilled in the prior summer
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pronghorn with traditional VHF collars (ATS) that were
located approximately once per month using aerial teleme-
try. We note that aerial locations of VHF collars are not as
accurate as those from GPS collars, but typically have loca-
tional errors within 100 m (Carrel, Ockenfels,
Wennerlund, & Devos, 1997; Leptich, Beck, & Beaver,
1994). Overall, we collected 130 winter locations inside the
study area from 29 individuals during winters of 1999 and
2000, before energy development.

2.3 | Distance to well pad analysis

In the context of wildlife and energy development, it is often
presumed, without evidence, that animals quickly habituate
to infrastructure once the construction phase is complete
(Sawyer et al., 2017). Habituation assumes that disturbance
associated with development elicits a behavioral response
(i.e., avoidance) in animals that, after some time, recedes as
animals return to using habitats as they did before develop-
ment. To detect whether pronghorn actually avoided infra-
structure, we calculated the mean distance of individuals to
the nearest well pad each year. We used well pads as a proxy
for energy infrastructure, because they strongly influence
winter habitat use of other ungulates and represent the
source of most gas-field disturbance (Northrup et al., 2015;
Sawyer et al., 2006, 2009). We restricted distance to well
pad calculations to pronghorn locations inside the study area
during winter, defined as December 01 to March 31. For
each animal during each winter, we calculated the average

distance to nearest well pad and then averaged across ani-
mals to estimate a sample mean for each winter, thereby
accounting for potential unequal sample sizes in GPS loca-
tions and ensuring the animal was correctly treated as the
experimental unit (Otis & White, 1999). Annual sample
sizes ranged from 9 to 29, with a mean of 17 (Table 1). This
analysis was necessarily restricted to development phase
data, where we used the mean distance to well pad metric in
a linear regression analysis to evaluate trend and generate
predictions over the 13 years of development. The difference
in predicted values between development year 1 (2005) and
13 (2017) was used to determine whether avoidance
increased through time.

We recognized that this analysis may indicate whether
avoidance of well pads changed through time, but it does
not reveal whether the observed distances in year 1 (2005)
were due to avoidance or simply reflect where animals
already were prior to development (e.g., 500 m from well
pads). To address this shortcoming and quantify long term
changes in displacement, we ran a similar analysis, but cal-
culated distance to the well pads present in the last year of
study (2017), rather than at the time of observation. While
this may seem counter-intuitive, it allows a direct test of the
null hypothesis that pronghorn distribution did not change
through time; and, importantly, it allows pre-development
data to be compared with post-development data (Sawyer
et al., 2017). In other words, if animals do not avoid, or are
not displaced by well pads, then they should be distributed
at similar distances from the 2017 infrastructure, regardless

TABLE 1 Sample sizes of marked pronghorn, mean distance to well pads, average amount of time spent in study area, and percentage of
animals that left the study area during each winter, before (1999–2000) and during (2005–2017) energy development in western Wyoming, USA

Winter n
Mean distance to well
pad (m) in each year

Mean distance to well
pad (m) in 2017 Time (%) in study area Exit (%) study area

1999 29 NA 798 NA 7%

2000 25 NA 949 NA 4%

2005 18 864 525 96% 17%

2006 9 1,130 877 100% 0%

2007 16 1,889 1,603 88% 37%

2008 17 1,636 1,472 87% 41%

2009 14 1,163 1,012 98% 21%

2010 14 692 630 99% 14%

2011 15 1,596 1,529 95% 6%

2012 15 1,416 1,406 87% 53%

2013 16 1,717 1,688 68% 75%

2014 17 1,556 1,529 86% 35%

2015 16 1,234 1,476 84% 50%

2016 19 1,674 1,658 87% 58%

2017 16 1,613 1,596 70% 81%
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of the year. A change in distribution can then be quantified
as the difference (m) between well pad metrics calculated in
the first year of study and last. Specifically, we used the
mean distance to well pad metric in a linear regression anal-
ysis to evaluate trends and generate predictions over the
13 years of development, where predicted values between
development year 1 and 13 was used to determine changes
in displacement. Pre-development data were used as a base-
line reference, but excluded from regression analyses
because of a 4-year gap between pre-development and
development data collection periods (Table 1).

2.4 | Winter residency metrics

We used two independent but complementary metrics to
evaluate winter residency of pronghorn. First, we calculated
the amount of time that each marked animal spent inside the
study area during winter. We averaged this metric across
animals to estimate a sample mean for each winter, which
we then plotted across the 13 years of development and used
as a response variable in a linear regression model to evalu-
ate trend. This metric could not be calculated for the two
pre-development years because VHF data were not collected
frequently enough to accurately determine time spent in
study area. Our second metric calculated the percentage of
GPS-collared animals that spent at least 1 day outside of the
study area each winter. Although VHF data were limited to
monthly locations, we calculated this metric for pre-
development years to provide comparison to later years. The
percentage of animals leaving the study area each year dur-
ing development was also used as the response variable in a
linear regression model to detect long-term trends. Together,
these two metrics provide a clear measure of winter resi-
dency through time by quantifying the amount of time spent
inside the study area, as well as the percentage of animals
leaving the study area.

3 | RESULTS

3.1 | Distance to well pad analysis

Consistent with avoidance behavior, point estimates showed
the mean distance to well pad was 750 m larger in 2017
(1,614 m) compared with 2005 (864 m; Table 1). The more
conservative regression analysis indicated the mean distance
to nearest well pad increased through the 13-year develop-
ment period (Distance to well pad = 1,092 + 34[year],
r2 = 0.14, p = .211; Table 1, Figure 3) by approximately
34 m per year. In this regression setting, the two-sided p-
value of .211 provided 78% confidence that the slope was
positive. The difference between the predicted distance to
well pad in 2005 (1,195 m) and 2017 (1,603 m) suggest

avoidance increased by 408 m. Similarly, the regression
analysis using only the 2017 infrastructure was concordant
with the prior analyses which indicated the mean distance to
nearest well pad increased through the 13-year development
period (Distance to well pad = 708 + 66[year], r2 = 0.36,
p = .017; Table 1, Figure 4) by approximately 66 m per
year. The difference between the predicted distance to well
pad in 2005 (908 m) and 2017 (1,708 m) suggest pronghorn
were displaced by 800 m during the study period. The
predicted distance of 908 m in 2005 was consistent with the
average distance of 941 m observed in pre-development
years (Table 1, Figure 4).

3.2 | Winter residency metrics

Regression analysis indicated that the average amount of
time pronghorn spent inside the study area decreased by
1.7% each year and 22% across the 13-year development
period (time = 1.00–0.017[year], r2 = 0.39, p = .01;
Table 1, Figure 5). Concurrently, the percentage of prong-
horn that left the study area during each winter increased by
4.7% each year, totaling 57% across the study period (pro-
portion = 0.046 + 0.047[year], r2 = 0.47, p = .005; Table 1,
Figure 5). The predicted 9% of animals leaving the study
area in 2005 was consistent with the 6% estimated in pre-
development years (Figure 5).

4 | DISCUSSION

The human footprint of energy development and its associ-
ated losses in ecosystem services and biodiversity are

FIGURE 3 Mean distance (±SE) from well pad of radio-collared
pronghorn during natural gas development (2005–2017) in the Pinedale
anticline project area, Wyoming. Dashed line represents fitted
regression line that shows a 408 m increase in distance to nearest well
pad over the 13-year development period
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expected to intensify, as global energy demand is predicted
to increase 65% by 2050 (Kiesecker & Naugle, 2017). Con-
serving highly mobile species in the face of widespread
development is especially challenging because their move-
ments tend to be broader and less predictable than other spe-
cies (Mueller et al., 2011; Runge et al., 2014). In the
absence of long-term data and especially on fine-scale move-
ments, it may not be possible to discern how landscapes are
used nor the effects of various types of disturbance. Our
15-year study showed that pronghorn avoidance and dis-
placement from well pads increased through time and rev-
ealed a significant decline in winter residency rates

concurrent with large-scale natural gas development in the
GYE. Between 2005 and 2017 pronghorn avoidance of well
pads increased by 408 m and their overall displacement from
well pads increased by 800 m. Concurrently, the amount of
time pronghorn spent in our 550 km2 study area declined by
22%, and the proportion of pronghorn leaving the study area
increased by 57%. Together these four independent metrics
provide strong evidence that pronghorn response to energy
development involves avoidance of infrastructure and partial
abandonment of their traditional winter ranges.

In contrast to mule deer that consistently avoided well
pads throughout the development period in this same study

FIGURE 4 Mean distance (±SE)
from well pads in 2017 of radio-
collared pronghorn before (1999–2000)
and during (2005–2017) natural gas
development in the Pinedale anticline
project area, Wyoming, USA. Dashed
line represents fitted regression line that
shows an 800 m change in distribution
over the 13-year development period

FIGURE 5 Percent time (±SE)
that radio-collared pronghorn spent
inside (solid circles) the study area and
associated regression line (dotted line)
shows a 22% decrease over the 13-year
development period, 2005–2017. The
percentage (±SE) of marked pronghorn
that left the study area (open circles)
and associated regression line (dashed
line) shows a 57% increase over the
13-year development period,
2005–2017
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area (Sawyer et al., 2017), pronghorn avoidance appeared to
be intermittent until 2011, after which they regularly used
areas increasingly distant from well pads compared to earlier
years (Figure 3). The consistent avoidance after 2011 sug-
gests a disturbance or risk threshold was exceeded and
altered pronghorn behavior. We note, however, that unlike
the mule deer research that collected data prior to and during
all years of development (Sawyer et al., 2017), our study of
pronghorn did not collect data during the first 4 years of
development (2001–2004). Certainly the collection of
pronghorn movement data through all years of development
would strengthen inferences on pronghorn distribution and
behavior during the initial years of development. Nonethe-
less, our 13-years of consecutive data captured 91% of dril-
ling activity (i.e., completed wells) and habitat disturbance
associated with this energy project, including an infill plan
(i.e., expansion of originally proposed drilling plans)
approved in 2008 that increased the number of allowed wells
from 700 to 4,400 (BLM 2008). Furthermore, our 2 years of
pre-development data, although limited by VHF technology,
provided baseline estimates of avoidance and winter resi-
dency metrics that were consistent with regression trends
revealed from our 13 years of development data.

The predicted distance from nearest well pad in our dis-
placement analysis increased from 908 m in 2005 to
1,708 m in 2017 and presumably led to indirect habitat
losses much larger than habitat lost directly to infrastructure
(Ciuti et al., 2012; Nellemann & Cameron, 1998; Northrup
et al., 2015). Avoidance or displacement can diminish the
amount of habitat available to pronghorn (sensu Nellemann,
Vistnes, Jordhøy, Strand, & Newton, 2003) and, absent habi-
tat improvements to offset such losses, less habitat equates
to fewer animals on the landscape. The impacts of reduced
habitat availability on pronghorn are of particular concern in
Wyoming, a state that hosts more than half of North Ame-
rica's 800,000 remaining pronghorn (Kauffman et al., 2018).

At broader scales, indirect habitat loss resulting from
long-term avoidance or displacement is concerning because
of reductions in available habitat (Beckmann et al., 2012;
Northrup et al., 2015) and subsequent links to population
declines (Sawyer et al., 2017). Of additional concern here,
were the diminishing winter residency rates of pronghorn
through time, where individuals spent greater amounts of
time outside of the study area (i.e., traditional winter range)
and a higher proportion of individuals left the study area
during winter. It is unclear whether pronghorn abandoning
their traditional winter range for 22%, or 26 days, of the win-
ter results in a net habitat loss or increase in energy expendi-
ture, or if it is a behavioral response that allows them to
access other high-quality habitat that can offset the direct
and indirect habitat losses incurred from energy develop-
ment. However, given the amount and extent of energy

development in the surrounding areas (BLM 1998, 2000,
2018), we suspect that any remaining high-quality habitats
not impacted by development are already occupied by other
pronghorn and any sort of emigration to these areas would
result in competition with conspecifics. In short, it seems
unlikely that thousands of pronghorn from our study area
could benefit from spending 22% less time in their tradi-
tional winter range by seeking out alternative habitat. Rather,
given that animals tend to select high-quality habitats
(Stephens & Krebs, 1986), combined with the role of cul-
tural transmission in ungulate movements (Couzin, 2018;
Jesmer et al., 2018), it seems more likely that displacement
of pronghorn from traditional winter range reflects a lower
carrying capacity that, in turn, may prompt pronghorn to
vacate the area in search of alternative ranges.

Ideally, the consequences of pronghorn avoidance and
lower winter residency rates associated with energy develop-
ment could be measured in terms of demography. Unfortu-
nately, measuring and detecting demographic responses of
pronghorn populations can be especially difficult because of
their mobility (Runge et al., 2014) and fluctuating densities
(Beckmann et al., 2016). Nonetheless, observed behavioral
responses to infrastructure have been predicted as a precur-
sor to changes in demography (Beckmann et al., 2012).
While there were no demographic metrics collected for mar-
ked pronghorn in our study area throughout the entire
13-year development period, the Wyoming Game and Fish
Department (WGFD) annually estimated pronghorn abun-
dance for the larger Sublette herd unit that includes our
study area and most of the Green River Basin. Those esti-
mates suggest pronghorn declined by 47% between 2005
(est. 57,600) and 2017 (est. 36,000; WGFD 2016), concur-
rent with widespread natural gas development in the Jonah
and Pinedale Anticline gas fields (BLM 1998, 2000, 2008).
Relatedly, Christie et al. (2015) found pronghorn declines
during the last 10 years of a 30-year study were associated
with oil and gas development and a series of severe winters.
Certainly, severe winters contributed to population declines
documented in the southern GYE by WGFD, but our prong-
horn avoidance and winter residency metrics did not appear
to be driven by winter severity alone, as evidenced by con-
sistent temporal trends in both metrics, regardless of variable
winter conditions that included two severe (2011, 2017),
seven average (1999, 2000, 2005, 2006, 2013, 2014, 2016),
and six mild (2007, 2008, 2009, 2010, 2012, 2015) winters
(Sawyer et al., 2017).

Whether in Wyoming and Colorado, Mongolia or
Kazakhstan, Patagonia or Southern Sudan, a wide array of
functionally equivalent ungulates occupy seasonal environ-
ments where various forms of energy development are con-
verting native habitats to infrastructure. Few regions of the
globe remain unaffected by the exploration and production

8 of 11 SAWYER ET AL.



of the next fuel or electron. Although the open plains and
basins, and the large herbivores they support, are at particu-
lar risk to development and associated effects, little is known
about how such species respond to broad-scale disturbance.
Yet such information is vital for conservation action and
land-use planning to ensure population persistence for spe-
cies like pronghorn. Regardless of taxa, human disturbance
tends to reduce animal movements – behaviors that can
broadly affect species persistence and ecosystem function
(Tucker et al., 2018). Our work demonstrates that pronghorn
in the southern GYE changed behavior in response to energy
development by avoiding infrastructure and abandoning
their traditional winter range for nearly a quarter of the win-
ter. While the demographic consequences remain unclear,
we suggest that such behavioral changes be viewed as cau-
tionary because they could signal broader effects on prong-
horn abundance and viability in the GYE.
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