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Abstract Within the large carnivore guild, competitively dominant species can limit the population sizes and alter the
behavior of subordinate competitors. However, the mechanisms by which dominant competitors affect subordinates are
complex and challenging to disentangle, particularly for free ranging large mammals. For my dissertation, I took advan-
tage of a natural experiment and sixteen years of location data from a subordinate carnivore (cougars), two dominant
competitors (wolves and grizzly bears), and a shared prey species (elk), as well as kill site data from cougars in the
Southern Greater Yellowstone Ecosystem (SGYE), a multi-use landscape with numerous anthropogenic impacts. My
dissertation was an investigation of three mechanisms, both direct and indirect, by which competition from recovering
wolves and grizzly bears affected subordinate cougars in a system where human impacts also play strong roles in shap-
ing dynamics. Specifically, I evaluated 1) whether cougar habitat selection changed as wolf and grizzly bear populations
recovered and whether these changes could be attributed to cougars actively avoiding dominant competitors; 2) how
cougar access to the habitat of its primary prey species was affected by wolf and grizzly bear recovery; and 3) how
kleptoparasitism from recovering wolves and grizzly bears – as well as black bears –may have affected the SGYE cougar
population.

Introduction

Across North America and Europe, populations of top
carnivores such as wolves and grizzly bears are re-
covering and expanding throughout portions of their
range where they had previously been extirpated (Or-
diz et al., 2015; White and Gunther, 2017; Ruth et al.,
2019). Research on changes in species interactions
and broader ecosystem effects resulting from large
carnivore recovery has exploded in recent years as
heterogeneous recovery patterns have provided nat-
ural experiments and opportunities for researchers to
observe dynamic ecosystems (Bartnick et al., 2013;
Morell, 2015). There has been special emphasis on
predator-prey interactions and trophic cascades re-
lated to recovering predators (e.g., Sand et al., 2006;
Seddon et al., 2007; Ripple et al., 2014). However,

recovering large carnivores also affect subordinate
carnivores through intraguild competition, which can
strongly affect the distribution, population dynamics
and behavior of subordinate species, with commu-
nity and ecosystem wide cascading effects (Dill et al.,
2003; Hopcraft et al., 2005; Vanak et al., 2013; El-
broch et al., 2015). Despite an impressive body of
work on community dynamics following large preda-
tor recovery, relatively few of these studies have ex-
plored intraguild competition in depth (Riley et al.,
2004), and there are still many gaps in our under-
standing of how large carnivore recovery affects sub-
ordinate carnivore behavior and population sizes, the
competitive mechanisms driving possible changes,
as well as how humans may influence dynamics.
Additional research efforts are needed to clarify re-
sponses of subordinate carnivores following large
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carnivore recovery and resultant impacts to subordi-
nates and prey.

Due to their top-down effects on shared prey species,
large carnivore species fill similar ecological roles
and are therefore expected to compete strongly
(Morin, 2011). Competition most commonly takes two
forms within the large carnivore guild: interference
and exploitation competition (Ballard et al., 2003). In-
terference competition involves direct aggressive in-
teractions that are typically asymmetrical and include
kleptoparasitism, harassment, and intraguild killing,
as well as avoidance of dominant competitors by
subordinate species (Goss-Custard et al., 1982; Holt
and Polis, 1997; Palomares and Caro, 1999; Du-
rant, 2000; Creel et al., 2001; Creel and Christianson,
2008; Swanson et al., 2014). Although avoidance
behaviors by subordinates may not have immediate
negative fitness impacts, they may limit prey avail-
ability for subordinate carnivores (Vanak et al., 2013),
and ultimately reduce subordinate competitor fitness
(Lima and Dill, 1990; Durant, 1998, 2000; Creel et al.,
2001; Gigliotti et al., 2020). In contrast, exploitation
competition is a form of indirect competition that in-
volves the reduction of shared resources such as
prey (Schoener, 1974; Krebs, 1994). If shared prey
species shift their own behavior in response to pre-
dation risk from dominant competitors (Heithaus and
Dill, 2002; Dill et al., 2003), the spatio-temporal avail-
ability of prey may also be altered for sympatric
predators (Atwood et al., 2007, 2009; Northfield et al.,
2017; Schmitz et al., 2017). These behavioral shifts
by prey have the potential to both facilitate predation
by subordinate carnivores (Dill et al., 2003; Atwood
et al., 2007), or limit access, particularly if prey shift
their habitat selection or grouping behavior in a way
that makes it more difficult for subordinates to hunt
them (Sinclair, 1985; Hopcraft et al., 2005; Mao et al.,
2005; White et al., 2009; Ruth et al., 2019).

Measuring the degree to which species compete
has remained difficult outside of manipulative experi-
ments with small species in small, controlled spaces
(Morin, 2011). This is logistically challenging to do
with highly mobile animals in large, open landscapes,
and in particular for cryptic species that exist at low
densities such as carnivores (Kortello et al., 2007;

Schmitz et al., 2017). Thus, natural experiments such
as large carnivore reintroductions and recovery ef-
forts provide unique opportunities for researchers to
examine evidence for competition, explore compet-
itive dynamics and test hypotheses about mecha-
nisms driving behavioral changes – and possible pop-
ulation declines – in subordinate carnivore species
(Kortello et al., 2007; Ruth et al., 2019).

In the northwestern United States and southwestern
Canada, the recovery of wolf and grizzly bear popu-
lations have provided researchers more than twenty-
five years to observe dynamic ecosystems and study
the effects of recovering dominant carnivores on
competitors such as cougars (e.g., Murphy et al.,
1998; Kunkel et al., 1999; Husseman et al., 2003; Ko-
rtello et al., 2007; Bartnick et al., 2013; Elbroch et al.,
2018, 2020; Kohl et al., 2019; Orning, 2019; Ruth
et al., 2019). The findings of these studies gener-
ally indicate that while cougars are formidable preda-
tors, they are typically subordinate to both wolves
and grizzly bears (Elbroch et al., 2018), as wolves
are advantaged by their pack social structure (Ruth
et al., 2019), and grizzly bears by size and aggres-
siveness (Murphy et al., 1998; Gunther and Smith,
2004; Van Manen et al., 2017; Jimenez et al., 2008).
However, most of these studies have been conducted
over relatively short time spans (Orning, 2019; Ruth
et al., 2019, but see) or been limited to a single sea-
son (e.g. winter) of inference, and all of these studies
have been restricted to primarily examining compet-
itive dynamics between pairs of carnivore species,
with the vast majority of studies focusing on wolf-
cougar interactions. Without more complete informa-
tion on the influence of grizzly bears on cougars in
addition to wolves – as well as how the strongly sea-
sonal dynamics of prey availability, weather patterns,
and human activities in much of the Northern Rock-
ies outside the bounds of national parks – influence
species interactions, our ability to untangle the spe-
cific mechanisms by which increasing populations of
dominant competitors affect the behavior and popula-
tion sizes of subordinate cougars have been limited.

In the multi-use Southern Greater Yellowstone
Ecosystem (SGYE) north of Jackson, Wyoming,
management and monitoring of large carnivores and
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ungulates is complex. Multiple federal and state
agencies, and non-profit organizations collect data
on these species, and anthropogenic impacts range
from motorized and non-motorized dispersed recre-
ation to hunting and supplemental feeding of elk.
Although separate long-term datasets exist on the
locations, population dynamics and food habits of
cougars, wolves, grizzly bears, and their primary prey
species, elk, these single species datasets have not
been merged or examined comprehensively to date.
As such, the SGYE offers a challenging but unique
opportunity to study competitive dynamics between
top carnivores and cascading impacts to subordinate
carnivores and shared prey species. In 2015 I began
working with Panthera’s Puma Program as a gradu-
ate student researcher for the Teton Cougar Project
to develop a PhD project focusing on cougar inter-
actions with competitors and shared prey species. In
addition to Panthera, Craighead Berignia South, the
National Park Service, U.S. Fish and Wildlife Service,
the U.S. Geological Survey and Wyoming Game and
Fish Department agreed to collaborate on my PhD re-
search and share data with me. Collectively these or-
ganizations shared location data from Very High Fre-
quency (VHF) and Global Positioning System (GPS)
collared cougars, wolves, grizzly bears and elk and
kill site data from cougars collected over the course
of sixteen years (2001-2016) in the SGYE for this
project.

For my PhD project, I investigated three mechanisms,
both direct and indirect, by which competition from re-
covering wolves and grizzly bears may have affected
subordinate cougars in the SGYE; possible cascad-
ing effects to prey species were also explored in each
chapter.

In Chapter 2, I investigated one of the direct im-
pacts of competition from recovering wolves and
grizzly bears on cougars by examining the influ-
ence of dominant competitor avoidance on cougar
habitat selection in the SGYE. I sought to evalu-
ate whether: 1) cougars shifted their seasonal habi-
tat and kill site selection as wolf and grizzly bear
populations increased in the SGYE from 2001-2016;
and 2) whether changes in cougar habitat selection
were driven by cougar avoidance of wolves and griz-

zly bears. Subordinate carnivore habitat selection is
hypothesized to be driven by both prey availability
and risk of dominant competitor encounter (Lima and
Dill, 1990; Durant, 1998; Vanak et al., 2013; Elbroch
and Kusler, 2018; Ruth et al., 2019). In this chapter
I focused specifically on the role of dominant com-
petitor avoidance as a driving mechanism behind
changes in cougar habitat selection. To address my
first objective, I estimated seasonal resource selec-
tion functions (RSFs; Manly et al., 2002) for cougars
at three spatial scales, and examined changes in
cougar selection for key environmental and anthro-
pogenic habitat parameters over time.

In Chapter 3, I shifted my focus to prey availability,
and employed the same data set as Chapter 2 to in-
vestigate the effects of recovering wolves and grizzly
bears on cougar’s spatio-temporal access to elk habi-
tat in the SGYE. I explored two possible mechanisms
by which cougar access to elk habitat may have been
reduced: the indirect effects of elk shifting their own
habitat selection in the presence of increasing wolf
and grizzly bear populations; and the direct effects
of wolf and grizzly bear spatial monopolization of elk
habitat. Elk are the primary prey of not only cougars,
but also wolves and grizzly bears in the SGYE (Smith
et al., 2006; Interagency Grizzly Bear Study Team,
2013; Elbroch et al., 2016; Woodruff et al., 2018).
In this chapter my objectives were to 1) investigate
whether elk shifted their own seasonal habitat selec-
tion in response to increasing wolf and grizzly bear
populations in the SGYE from 2001-2016; and 2)
evaluate how cougar access to elk was affected by
changing elk habitat selection and possible wolf and
grizzly bear monopolization of elk habitat. Finally, to
determine whether cougars were increasing the pro-
portion of mule deer in their diets as their access to
elk habitat was potentially declining, I examined the
seasonal composition of ungulate prey in cougar di-
ets over time.

In Chapter 4, I examined another dimension of in-
terference competition from recovering wolves and
grizzly bears– as well as black bears – on cougars
by quantifying kleptoparasitism of cougar kills in the
SGYE. In this final chapter, my objectives were to
1) characterize the temporal and competitor-specific
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patterns of kleptoparasitism of cougar kills in the
SGYE from 2001-2016; 2) examine the factors affect-
ing the seasonal likelihood that cougars would be dis-
placed from their kills; and 3) evaluate possible neg-
ative impacts to the SGYE cougar population.

Methods

My study area (Figure 1) was defined by the 100%
Minimum Convex Polygon (MCP) for all species loca-
tion data, an area of 36,000 km2 in the GYE, rang-
ing from southern Yellowstone National Park (YNP),
eastern Caribou-Targhee National Forest, western
Shoshone National Forest and Bridger-Teton Na-
tional Forest (BTNF) north of Pinedale, WY. Our core
cougar study area (Figure 1, black bounding box) in-
cluded Grand Teton National Park (GTNP), the Na-
tional Elk Refuge (NER), large portions of BTNF and
the city of Jackson, Wyoming.

For Chapter 2, I first estimated seasonal resource
selection functions (RSFs; Manly et al., 2002) for
cougars at three spatial scales, and examined
changes in cougar selection for key environmen-
tal and anthropogenic habitat parameters over time.
Next, I estimated RSFs for concurrently collared
wolves and grizzly bears as well as elk. Then I mod-
eled cougar habitat selection as a function of wolf,
grizzly bear or elk habitat selection and assessed
model fit and predictive power for each competitor or
prey species. Finally, I quantified the impact of inter-
ference competition from wolves and grizzly bears on
cougars by estimating the magnitude and direction
(positive or negative) of cougar selection of competi-
tor habitats, and competitor selection of cougar habi-
tats, as well as any changes over time.

For Chapter 3, I first estimated seasonal RSFs for
elk at two spatial scales, and examined changes in
elk selection for key habitat parameters over time. To
address my second objective for this chapter, I first
quantified the impact of predation risk from cougars,
wolves and grizzly bears on elk habitat selection by
estimating the magnitude and direction (positive or
negative) of elk selection of predator habitats, as well
as any changes over time. Finally, to assess whether
wolf and grizzly bear monopolization of elk habitat

played a role in reducing cougar access to elk habitat,
I estimated the magnitude and direction of predator
selection of elk habitats, as well as any changes over
time.

For Chapter 4 I first determined the frequency that
cougars were displaced from their kills by all competi-
tors and by each dominant competitor species (i.e.,
wolves, grizzly bears and black bears), documenting
seasonal and monthly trends in displacement. For my
second objective, I assessed the effects of biotic, en-
vironmental and anthropogenic factors on the likeli-
hood that cougars would be displaced from their kills
within four seasons (winter, spring, summer, fall). I
also tested whether cougars were more likely to be
displaced from their kills over time as wolf and griz-
zly bear populations increased in the SGYE. Finally,
I investigated whether kleptoparasitism negatively af-
fected the SGYE cougar population by testing the ef-
fects of annual rates of kleptoparasitism on cougar
population densities.

Preliminary results

In Chapter 2, I found that cougar habitat selection
changed significantly over time as wolves and griz-
zly bears recovered, and that spatial overlap with
the habitat of both dominant carnivores induced in-
creased refuge seeking by cougars in more densely
forested, steep and rugged terrain across seasons,
as well as higher elevation areas in the winter.

In Chapter 3, I found that elk habitat selection also
changed significantly following wolf and grizzly bear
recovery, that elk avoided cougar habitat more than
either dominant competitor’s habitat, and that wolves
and grizzly bears selected elk habitat across sea-
sons, while cougar selection of elk habitat sharply de-
clined as wolves and grizzly bears recovered. Both
mechanisms appeared to contribute to a reduction
in cougar access to elk habitat. Additionally, supple-
mental feeding of elk in the winter appeared to mag-
nify negative effects to cougars.

In Chapter 4, I documented significant rates of klep-
toparasitism from not only wolves and grizzly bears,
but also black bears. Cougar kills were more likely to
be kleptoparasited as wolf and grizzly bear popula-
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Figure 1. The study area in northwest Wyoming USA. The core cougar study area is encompassed by a black bounding
box.

tions increased, and densities of adult cougars and
dependent offspring were lower in years with higher
rates of kleptoparasitism.

Conclusions

Competition from both recovering wolves and griz-
zly bears as well as black bears had strong, year-
round effects on cougars, and these effects may be
strongest in the winter. The declines observed in the
SGYE cougar population in previous studies (Elbroch
et al., 2018, 2020) are most likely attributed to both
reduced spatio-temporal access to elk habitat and
heighted interference competition from wolves and
bears species. Elk feed grounds may amplify these
effects in the winter. Subordinate carnivore densities
will likely be reduced in presence of recovering dom-

inant competitors and human activities and manage-
ment practices may further contribute to declines. A
community /multi-species approach is necessary for
making informed and effective decisions in species
conservation and wildlife management

Future work

My dissertation is currently embargoed until June
2023 while I work with my dissertation collaborators
to revise and publish each chapter as journal articles.
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