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Welcome!
Though 2021 has remained “unprecedented” in many ways, at the Camp Fire Program in Wildlife
Conservation we are thankful for the commitment and expertise of the hardworking, dedicated
group of staff and students highlighted in this report. Because of these individuals, and many
others, we continue to progress toward our shared goal of wildlife conservation and expand our
effectiveness and impact.
As you read our annual report, you will see that we have continued to focus on conducting applied wildlife science to inform conservation and management. Our work has become increasingly diverse, working with the state of Missouri on the first black bear hunt in the history of the
state, continuing our regional gray wolf research responding to species recovery and federal
Endangered Species Act listing, and conducting multiple investigations identifying and seeking to
reduce human-wildlife conflicts. These efforts are in tandem with our longstanding, ongoing work
on predator-prey relationships and human impacts on wildlife.
A major highlight this year was the launching of our Global Conservation Lectures with Dr. Healy
Hamilton, Chief Scientist at NatureServe as our inaugural speaker. These lectures, jointly sponsored by the Camp Fire Conservation Fund and ESF Alumni Association, bring world-renowned
scientists to our community to present on the most pressing conservation issues. Another highlight demonstrating our ongoing and expanding work was our participation in the World Conservation Congress, providing input on issues to help guide actions of the International Union for
Conservation of Nature (IUCN), the “global authority on the status of the natural world and the
measures needed to safeguard it”.
We have had a number of personnel changes with several joining our program and others completing academic milestones. First, congratulations to Nick Fowler, Todd Kautz, and Tyler Petroelje
for completing their Ph.D. programs! Second, we welcome research scientist Adia Sovie and Ph.D.
students Dan Li and Jamshid Parchizadeh who are working on gray wolf ecology and conservation in the western Great Lakes region and Joe Goergen, who will conduct his M.S. research on
aspects of community-based natural resources management in Namibia. We are excited to have
these individuals join our program!
This program and report would not have been possible without the generous support of the
Camp Fire Conservation Fund. Through this support and with our current students, staff, collaborators, and sponsors, we look forward to many opportunities and discoveries in 2022!
					Sincerely,

					Jerrold L. Belant

4

CHAPTER

One

R E CE N T AC C O M P L IS H M E N TS

5

Recreational feeding alters wintering
strategy for a migratory white-tailed
deer population
Tyler R. Petroelje, Todd M. Kautz,
Nicholas L. Fowler, Terry Minzey, Daniel
O’Brien, Dean E. Beyer, Jr., Jerrold L. Belant
Migration is a common response to seasonal
limitations of resources for many species. In
the northern extent of white-tailed deer (Odocoileus virginianus) range, particularly across
the upper Great Lakes region, severe winter
weather in the form of deep snow causes
many deer populations to migrate. Typically,
migrating deer concentrate in areas with shelter in the form of conifer trees including northern white cedar (Thuja occidentalis) or eastern
hemlock (Tsuga canadensis), referred to as
deer wintering complexes (DWCs).
We studied GPS-collared deer during 2018–
2019 that were captured in two DWCs with
(Lake Gogebic) and without (East Middle
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Branch) prevalent recreational feeding. Deer
in both DWCs had similar fidelity to winter
home ranges (i.e., generally returning to the
same location each winter) and survival was
not different between DWCs during 2018 or
2019. However, we observed deer in DWCs
with prevalent recreational feeding were twice
as close to human structures (i.e., houses), had
winter home ranges that were half as large,
and used conifer shelter 50% less than available as compared to deer in DWCs without
prevalent recreational feeding that used shelter 36% more than available.
Recreational feeding by humans influences
many other migratory species, even hummingbirds, where feedings has expanded their
winter range to areas that lack seasonal foods.
These food resources may appear to benefit
migratory species but create a dependency
and concentrate individuals to artificial resources. The deer we monitored where recreational feeding was prevalent did not have

vehicle encounters that are potentially dangerous for carnivores.
We examined how roads and human traffic
affected daily movements of 155 GPS-collared
Michigan carnivores including American black
bears (Ursus americanus), bobcats (Lynx rufus), coyotes (Canis latrans), and wolves (Canis lupus). Our results indicated a split landscape of carnivore activity in Michigan where
nocturnality prevails near roads, but when
>500 meters away from roads carnivores
have approximately equal activity during
day and night. Though carnivores avoided
spending time near roads during daytime, all
species except for bears crossed roads as
frequently during day or night.
greater survival as compared to deer using
more traditional DWC habitats. In addition,
supplementally-fed deer decreased space-use
by 50% which can result in adverse effects on
trees due to overbrowsing from concentrated
deer use. Where a concentration of deer occurs
due to recreational feeding, the energetic advantage of increased forage may be offset by a
lack of quality thermal cover around structures,
reduced localized browse, disease transmission
risk, and greater competition due to crowding
over localized food sources. It is important to
consider the influences of recreational feed
when trying to improve winter conditions for
deer as even when high-quality thermal cover
is available, deer may instead select for poor
quality habitat near recreational feed.

With a sample of 363 radio-collared whitetailed deer fawns (Odocoileus virginianus), we
observed that fawns born in areas with more
roads were less at risk of coyote predation
even though coyotes tended to select home
ranges closer to roads. Possibly, this was because fawns were most active around roads
during daytime, and had little activity overlap
with coyotes which were highly nocturnal on
or nearby roads. This data adds to evidence
that daily activity is an important component of
predator-prey relationships, as predator and
prey much be in the same place at the same
time for a kill to occur.

Daily road use by Michigan carnivores
and effects on deer fawn predation
Todd M. Kautz, Nicholas L. Fowler,
Tyler R. Petroelje, Dean E. Beyer, Jr.,
Nathan J. Svoboda, Jerrold L. Belant
As many carnivore populations share their
landscapes with roads and human traffic, carnivores face a difficult balance when navigating
human infrastructure. Carnivores that are more
willing to use and cross roads will have more
areas to hunt and easy travel routes, but too
much road use will likely increase human and
7

Maternal resource carry-over, winter
severity, and predator abundance
drive elk population trends
Sarah L. Schooler, Shannon P. Finnegan,
Nathan J. Svoboda, Jerrold L. Belant
Roosevelt elk (Cervus canadensis) are an important part of the Kodiak Archipelago, Alaska,
ecosystem. As herbivores, they modify the
landscape and vegetation structure,directly
impacting habitat quality and indirectly impacting animal community dynamics. They also
have important cultural and economic value.
Estimates of elk population and recruitment
(how many calves are produced and survive
each year) are commonly used to make population management decisions (e.g., harvest
quotas), as well as land management decisions
(e.g., timber harvest). However, many factors
that influence population demographics, such
as temperature, precipitation, and habitat
availability, are only detectable through assessments of long-term data. These factors are
particularly complex in northern ecosystems,
where long and severe winters can adversely
effect elk populations.

By evaluating these factors over a long
time-series, we can better understand which
factors most strongly influence elk population.
We used multiple datasets including climate,
brown bear (Ursus arctos) population estimates, timber harvest, and hunting data, as
well as aerial counts and calf and adult female
8

composition data (calf-cow ratios), to determine
drivers of elk population and recruitment. We
found that an increased population of brown
bears led to lower elk recruitment, indicating
that brown bear population is an important
driver of how many calves survive in a given
year. We also found that a longer or warmer
fall increased elk population and recruitment
the following summer, which suggests that
elk rely on food availability during fall to survive through the winter and reproduce the
following spring.
Determining which factors most influence elk
population and recruitment is especially important with current unprecedented changes
in species’ ranges and populations due to
climate and habitat alteration. By understanding the driving forces behind this population,
management agencies can better manage elk
populations. For example, because cooler and
shorter falls reduce elk population and recruitment, harvest quotas could be altered in the
year following a particularly cold and/or short
fall. Our approach of using long-term datasets
to estimate factors important to elk population
dynamics has potential application to numerous wildlife species

Despite our understanding of the mathematical
effects of predation on a predation, most commonly we are limited by our ability to scientifically estimate the abundances of predator and
prey populations and the proportion of prey
killed by predators. This is made more complicated when a prey species, such as white-tailed
deer fawns (Odocoileus virginianus), may have
multiple predators such as bobcats (Lynx rufus), coyotes (Canis latrans), black bears (Ursus
americanus), and wolves (Canis lupus).

Compensatory predation of neonoate
ungulates informed by predator and
prey densities
Nicholas L. Fowler, Todd M. Kautz, Tyler
R. Petroelje, Nathan J. Svoboda, Jared F.
Duquette, Dean E. Beyer, Jr., Jerrold L. Belant
Perceptions of increased predator abundance
are commonly implicated as the sole factor
driving a perceived decrease in prey abundance. For example, reestablishment of large
carnivores in North America over the last 30
years is often suggested to have resulted in
reduced ungulate density. However, rarely
are we capable of simultaneously estimating
populations of both predators and prey and
cause-specific mortality of those prey species. Even then, we must consider that not all
sources of mortality occur at sufficient rates to
influence prey populations.

From our long-term investigations of predator-prey relations in the Upper Peninsula of Michigan, we were in a unique to position to evaluate
the role of fawn predation by each of these predators and their cumulative effects. Using novel
population estimation techniques and simple
linear regression models, we identified that total
predation by predators appeared additive to
reduced fawn survival but that individual species
predation rates were largely compensatory. As
different predators use diverse hunting strategies, select fawns of differing ages, and occur
at varying densities, our research suggests that
external factors influencing vulnerability of fawns
to predation by all sources collectively drive
white-tailed deer recruitment.

Sources of mortality for prey can be classified as additive, in that they occur at sufficient frequency to alter populations, or
compensatory, wherein populations are not
influenced by the observed frequency of the
specific mortality source. In part, the concept
of compensatory mortality formed the basis
of hunting as a tool for wildlife management
wherein hunter harvest takes some percentage of a population which was likely to
experience mortality by some other source
without diminishing prey density.
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Examining the role of vigilance
in mesopredator interactions
Todd M. Kautz, Dean E. Beyer, Jr.,
Zachary Farley, Nicholas L. Fowler,
Kenneth F. Kellner, Ashley L. Lutto,
Tyler R. Petroelje, and Jerrold L. Belant
Mesopredators are carnivores that rank in
the middle of their trophic hierarchy, and as
a result function as both predators and prey.
Vigilance behaviors that help prey detect
predators have been extensively studies in
herbivores, but very little is known about how
mesopredators incorporate vigilance into
their foraging strategies. During the winters
of 2017-2019, we placed remote cameras on
deer (Odocoileus virginianus) and beaver
(Castor canadensis) carcasses in Upper Michigan and recorded >40,000 images of American marten (Martes americana) and fisher
(Pekania pennanti). These images provided
an opportunity to compare vigilance of a
dominant and a subordinate mesopredator as
fishers are larger, dominant, and sometimes
predators of martens.
We hypothesized that martens would become more vigilant when feeding carcasses
recently used by fishers because residual
fisher scent would alert martens to potential
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danger. Our results supported this hypothesis by demonstrating that martens spent 60%
more time looking for predators compared to
fishers, and martens increased their vigilance
by 22% at carcasses recently used by fishers. However, we unexpectedly found that
fishers also increased their vigilance at sites
recently used by martens. These results
demonstrate the complications of interpreting mesopredator vigilance because carnivores may use scanning behavior to look for
danger but also to search for prey or subordinate predators to attack.
Fishers and martens can have similar diet and
habitat use, resulting in intensive competition
that may exclude martens from some ecosystems. However, the Upper Peninsula of
Michigan has supported robust populations
of fishers and martens in recent decades.
Our results indicate that martens were able
to feed at the same carcasses frequented
by fishers but were more vigilant and fled
carcasses ahead of approaching fishers on
numerous occasions. This research supports
that adjusting vigilance may allow a subordinate carnivore to live in close proximity to a
dominant carnivore, which may in part explain
why fishers and martens coexist successfully
in Michigan.

Limited effects of climate and land
use change on western Great Lakes
gray wolf habitat
Jerrold L. Belant, Kenneth F. Kellner,
Dean E. Beyer, Jr., John D. Erb,
David M. MacFarland, D. Cody Norton,
Jennifer L. Price Tack, Brian J. Roell
Potential habitat loss for gray wolves (Canis
lupus) due to land use and climate change is of
scientific and public interest, particularly following their delisting under the U.S. Endangered
Species Act in January 2021. Extirpated from
much of the eastern United States, wolves

climate conditions that were historically suitable for wolf habitat. As wolves are no longer
present in much of their historic range in the
eastern U.S., we could not capture this range
of conditions using track surveys. Instead, we
determined the range of suitable climate conditions by comparing a random sample of locations from within the historic wolf range in the
eastern U.S. with a random sample of points
outside it (primarily in the southeastern U.S.).
It appears possible that habitat suitability along
the southern boundary of gray wolf historical range could decline under some climate

Figure 1. Estimated effects of climate change on gray wolf habitat suitability in the eastern United States

currently occupy portions of Minnesota, Wisconsin, and Michigan within the western Great
Lakes region. Using standardized winter track
surveys to estimate wolf distributions and integrated assessment models of future emissions
and land use patterns, we separately estimated potential effects of climate and land use
change on gray wolf habitat in this region.
Projecting wolf responses to climate change
requires an understanding of the full range of

scenarios. However, what is important for our
study is that we found essentially no projected effect of changes in climate on suitable
wolf habitat in the western Great Lakes region
(Figure 1).
To characterize effects of potential land use
change, we used data from the Land-Use Harmonization (LUH2) project that has developed
a set of land-use scenarios that links historical reconstructions of land use with future
11

Figure 2. Estimated changes in land covers under various
socio-economic scenarios in the western Great Lakes region

projections in a format required for modeling.
We found that agricultural lands and pastures
likely will remain stable or decline during this
century, whereas natural land covers such as
forests could increase (Figure 2). Using the
track survey data, we found a strong positive
association between suitable wolf habitat and
forest cover. Thus, projected land use changes
suggest there will be no net loss and potentially an increase in suitable wolf habitat in the
western Great Lakes Region (Figure 3).
Our results suggest there will be limited effects
of climate and land use change on suitable
gray wolf habitat in the western Great Lakes
region during the 21st century. Limited effects
of climate were not surprising as wolves in
North America are currently distributed from
the desert southwest in the United States to
the arctic, and have adapted to a wide range
of environmental conditions. Projected reversion of some areas to natural land covers and
limited increases in urbanization are undoubtedly favorable to wolves. The primary prey
of wolves in this region, white-tailed deer
(Odocoileus virginianus), also are expected
to remain stable or increase. These factors in
12

Figure 3. Estimated changes in suitable gray wolf habitat
in the western Great Lakes region in response changes in
land cover under various socio-economic scenarios

combination support stability in the extent of
suitable gray wolf habitat in the western Great
Lakes Region.

Kodiak brown bear range size variation
supports optimality at multiple scales
Shannon P. Finnegan, Nathan J. Svoboda,
Nicholas L. Fowler, Sarah L. Schooler, Jerrold
L. Belant
Animal home range selection can directly
influence survival and fitness through energy
gain, resource acquisition, predation avoidance and reproduction, and thus is strongly
influenced by natural selection. Through
home ranges animals attempt to obtain resources for survival and reproduction, while
minimizing costs. This behavior falls under the
theory of optimality, wherein animals maximize resources within their range (resource
maximization) or use the minimum area necessary to meet their energetic requirements
(area minimization). We assessed whether
brown bears (Ursus arctos) in two island populations on the Kodiak Archipelago, Alaska,
maximized resource patches within home

ranges (the Resource Dispersion Hypothesis
[RDH]), or occupied only the areas necessary
to meet their biological requirements (the
Temporal Resource Variability Hypothesis
[TRVH]) at annual and seasonal scales. We further examined whether factors, such as bear
age or reproductive status, affected optimal
choices.
We captured 141 bears on Afognak and Sitkalidak islands and found dynamic patterns of
space use between these populations, with
support for RDH and TRVH identified annually
and seasonally. The RDH was likely supported seasonally as a result of bears maximizing
space use to obtain a mixed diet of plants and
meat for optimal weight gain. Particularly in
summer, bears demonstrated increased move-

ments between salmon spawning streams and
productive berry habitat. Annually, support
for RDH likely reflected changing abundances and distributions of foods within forests
of varying ages for the Afognak population.
Support for bears using the minimum areas
necessary to meet their energetic needs was
observed seasonally and annually, with bears
minimizing space use when foods were temporally concentrated, such as when salmon
spawned. Range sizes and optimal strategies
varied among sex and reproductive classes, with males occupying areas on average
3–5 times larger than females, supporting
mate seeking behavior and increased metabolic demands of the larger-bodied males.
We found that solitary females used smaller
ranges than females with young on Afognak

Island, opposite to what we predicted under
an infanticide risk avoidance strategy and
suggests that females with dependent young
have larger ranges to support their increased
metabolic demands associated with rearing
their young.
The highly variable temporal support observed for RDH and TRVH within and between two island populations in a single
metapopulation emphasizes the importance
of scale and location considerations when
examining animal spatial ecology. The divergent patterns in space use we observed
demonstrates the marked ecological and
behavioral plasticity of brown bears.
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Mammal diversity on Great Lakes
islands
Nathaniel H. Wehr, Hailey M. Boone, Samuel
R. Wehr, Jerrold L. Belant
The theory of island biogeography suggests
the biodiversity of an island should be associated with the size of an island and how
far it is from mainland source populations.
This theory has been supported by research
on oceanic islands, but less information has
been synthesized for large freshwater islands.
Further, other characteristics of islands such
as the presence of neighboring islands and
human effects are not well understood. The
islands of North America’s Great Lakes are often overlooked for their contributions to biodiversity and to conserving unique and protected habitats. We summarized the presence
of mid- and large-sized mammals on Great
Lakes islands to test tenets of the theory of
island biogeography.
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We collected data on 20 species of mammals
from 47 islands across all five Great Lakes. Presence data was collected by reviewing scientific
literature and contacting resource managers
or scientists familiar with mammals on these
islands. As predicted by island biogeography
theory, larger islands and archipelagoes had
greater species richness while islands farther
from mainland source populations had lower
species richness. Additionally, privately owned
islands had greater biodiversity than publicly
owned islands. We also found mammal species
that are dormant in the winter, such as black
bear (Ursus americanus), and porcupine (Erethizon dorsatum) were less likely to be present on
islands, potentially due to their inability to use
seasonal ice bridges. In conclusion, our results
support the theory of island biogeography and
highlight the potential importance of human
land use on biodiversity. Further, our dataset
will provide a baseline for future mammalian
research in the Great Lakes region.

Resource heterogeneity mediates
time-to-kill across diet and foraging
strategies in carnivores
Tyler R. Petroelje, Todd M. Kautz, Nicholas L.
Fowler, Dean E. Beyer, Jr., Jerrold L. Belant

bance (i.e., roads) that may influence prey
acquisition along a hunt path and alter the
time-to-kill. Mean time-to-kill was greatest
for wolves (26.3 hours), followed by coyotes
(21.4 hours), black bears (16.4 hours), and
bobcats (7.6 hours)
Heterogeneity in prey availability (i.e., prey
patchiness) mediated time-to-kill of carnivore
functional responses irrespective of foraging
strategy or dietary breadth. Effective density (i.e., variable prey density or distribution)
best described time-to-kill for black bears
and bobcats, suggesting greater generalist
responses compared to wolves and coyotes.
Incorporating landscape characteristics that
can alter prey accessibility or vulnerability
better explained time-to-kill for wolves and
coyotes. Our results contradict predictions
that predators with wide dietary breadth

Studies of predator-prey ecology often examine kill rates to better understand population-level effects of predators on their prey.
However, not all predators respond similarly
to changes in prey densities, habitats, or
presence of competitors. For example, differing foraging strategies among predators
range from specialized to opportunistic which
may affect kill rates given available prey. In
addition, the ratio of predators to prey may
influence kill rates of predators.
We studied 1,116 hunt paths leading to a
predicted kill site of four predator species:
American black bear (Ursus americanus),
bobcat (Lynx rufus), coyote (Canis latrans),
and gray wolf (Canis lupus). These four species have differing foraging strategies (i.e.,
ambush, cursorial, opportunistic) and dietary
breadths (i.e., narrow, wide). We used timeto-kill to measure time from when carnivores
leave a kill site until they make another kill.
Within each buffered step (i.e., the estimated
area of use between GPS relocations), we
identified covariates including search rate,
prey density, predator activity, patch size,
prey patchiness, natural edges, hydrologic
features, land cover type, and human distur-

exhibit a functional response influenced only
by search rate and prey density in heterogeneous environments. Unless we consider
resource heterogeneity and account for
how this influences variation in kill rates, we
cannot expect to accurately describe population-level responses of predators to their
prey, and consequently our ability to predict
oscillations in abundance of predators and
their prey.
15

Seasonal diet of Roosevelt elk on
Afognak and Raspberry islands, Alaska
Shannon P. Finnegan, Nathan J. Svoboda,
Sarah Schooler, Jerrold L. Belant

Roosevelt elk (Cervus canadensis) have
important subsistence, sport, economic, and
ecological value for residents and non-residents of Alaska. Factors that may limit Roosevelt elk populations include availability
and quality of forage and abundance and
distribution of thermal cover, which are influenced by forest management. Anthropogenic
alterations (e.g., commercial timber harvest) of
elk habitat can both positively and negatively
affect the availability and quality of forage.
However, ungulates can benefit from logging
due to an increased abundance of browse
after timber harvest. Understanding factors
potentially impacting elk distribution and
abundance, and how they vary among forest
successional stages and management practices, is critical for developing effective forest
management strategies which incorporate elk
resource requirements. Commercial logging
on Afognak Island occurred in the 1930s
and became extensive since 1979, resulting
in a mosaic of forest stands of varying age.
However, the effects of this habitat alteration
on elk is unknown. We are examining these
impacts on elk to aid in the development of
a long-term management strategy that incorporates sustainable logging, wildlife management, habitat improvement, and continued
sport and subsistence hunting opportunities.
16

To contribute to this goal, we studied elk
diet across summer and winter 2018–2019
to determine important plant species which
contribute to seasonal forage. We collected 200 fecal samples (50 per season and
year) from eight elk herds across Afognak
and Raspberry islands in the Kodiak Archipelago. The percentage of different plant
species present in the diet was estimated
by isolating genomic DNA from each fecal
sample. Salmonberry (Rubus spectabilis)
was the most common species in elk diets
during summer (60.7% in 2018, 12% in 2019).
Willow (Salix spp.) consumption was greater
in summer 2019 compared to summer 2018
(21.8% and 5.5%, respectively). Geranium
(Geranium erianthum) comprised >22% of
summer diet in 2019 but was not common in
2018. During winter, spruce (Picea stichensis) and willow were among the three most

prevalent species in 2019 (15.3% and 10.2%,
respectively) and 2020 (12.4% and 13.8%,
respectively). Elderberry (Sambucus racemose) was the most common species consumed in winter 2019 (25.6%), while sedges
(Carex L.) were most frequently consumed
in winter 2020 (16.2%). Characterizing
seasonal diets of elk in relation to their
movements and forest stand ages used
will improve land management strategies
to maintain sustainable timber harvesting
while simultaneously ensuring adequate
forage for this important species.
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Global Conservation Lectures
In October we had the honor of hosting Dr.
Healy Hamilton, Chief Scientist for NatureServe, for the inaugural Global Conservation
Lectures, where she gave a presentation
entitled ‘Precision Conservation at the Scale
of a Nation’. Global Conservation Lectures
is an opportunity to bring world-renowned
scientists conducting cutting-edge research
to SUNY ESF campus. We are thrilled to have

the support of Camp Fire Conservation Fund,
ESF Alumni Foundation, and Dale Travis ’59
for this event!
Dr. Hamilton has vast experience in both the
field and laboratory, where she studied cloud
forest birds, the ecology of tropical trees, the
evolution of the world’s river dolphins, the
origin of species richness in rainforests, and
the taxonomy and evolution of seahorses, sea
dragons, and their relatives. At NatureServe,
Dr. Hamilton leads a staff with expertise in
ecology, zoology, botany, conservation, data
science, and information management. Together they deliver foundational information on the
distribution, conservation status and trends of
species and their habitats.
Among her many accomplishments, Dr. Hamilton is an Honorary Fellow of the World Conservation Monitoring Centre, a member of the
International Union for Conservation of Nature
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(IUCN) Species Survival Commission, an elected Executive Committee member of the IUCN
U.S. National Committee, and a member of the
Key Biodiversity Areas Committee. She is the
past President of the Society for Conservation GIS, a Switzer Foundation Environmental
Leadership fellow, and a former U.S. Fulbright
Scholar. She has mentored dozens of students
and interns and coauthored over 50 scientific
papers, the most recent of which is a major
new publication bringing together biodiversity
data and cutting edge modeling to create an
unprecedented new guide to preventing extinctions in our country. This model and guide
was the focus of her presentation. There was a
great turn out with over 50 audience members
in attendance!
You can watch a recording of the event here:
https://youtu.be/uTDXKzuVdTM

Public Outreach Overview

for Bear Research and Management (IBA).
This conference is focused on all bear species and is the largest conference of its
kind. We gave presentations on recovery of
American black bears in Missouri, ecological
release supports denning behavior in Ursidae, spatial prioritization of public outreach
and management during carnivore recolonization, characterizing drivers of fine-scale
resource selection in a recolonizing black
bear population, and brown bear encounters
in Iran.
Additionally, we virtually attended The Wildlife Society 28th Annual Conference, where
we presented on mammal diversity on Great
Lakes Islands supports theory of island biogeography and conducted a workshop on
multi-species occupancy modeling. We also
gave presentations at Wildlife Management
Damage Conference, Canadian Society for

We continued to give presentations and attend conferences, both in-person and virtually, this year! We attended the 27th International
Conference on Bear Research and Management hosted by the International Association
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Ecology and Evolution, Kodiak Brown Bear
Trust, and Michigan Department of Natural
Resources’ Wildlife Through Forestry Series.
We participated in the ‘Skype a Scientist’
Series and presented to a classroom in Québec, Canada. We hosted a journalist from
North Shore Community Radio as part of
our ongoing collaborative research with the
National Park Service on Isle Royale National
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Park. They tagged along in the field to learn
about our trail camera work.
Also on Isle Royale National Park, this year
we launched a citizen-science based project.
This was a great way to get interested members of the public involved in our research!
They were able to contribute by downloading an application, Strava, to their smartphones while recreating on the trail network

in the park. Afterward we downloaded the
anonymous data from the Strava web-platform and paired this human trail use data with
our wolf and moose GPS collar locations, as
well as trail camera data. This both promoted
public engagement with our research and
allowed us to collect valuable data!
We continued to connect with and update
interested members of the public through

our website and social media platforms. The
website highlights our current research projects and features quick access to over 130
or our recent scientific publications! Too, everyone can easily browse through different
News/Media outlets that have featured our
work. We’ve continued regular updates related to project on goings, including ‘behind
the scenes’ looks into field work that goes
into research, on social media platforms.
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Presentations:
Boone, H.M. 2021. Camera Trap Workshop.
The Wildlife Society, State University of New
York College of Environmental Science and
Forestry, Syracuse, New York, USA.
Boudreau, M., L. Conlee, M.G. Gantchoff, J.L.
Belant, and R. B. Iglay. 2021. Characterizing
drivers of fine-scale resource selection in a
recolonizing black bear population. 27th International Association for Bear Research and
Management (virtual).
Boudreau, M., M.G. Gantchoff, C. RamirezReyes, L. Conlee, J.L. Belant, and R.B. Iglay.
2021. Human-bear networks: spatial prioritization of public outreach and management
during carnivore recolonization. Wildlife Damage Management Conference (virtual).
Boudreau, M., M.G. Gantchoff, C. RamirezReyes, L. Conlee, J.L. Belant, and R.B. Iglay.
2021. Human-bear networks: spatial prioritization of public outreach and management
during carnivore recolonization. Canadian
Society for Ecology and Evolution (virtual).
Finnegan, S.P., S. Schooler, N. Svoboda, and
J.L. Belant. 2021. 2021 Afognak and Sitkalidak project updates. Kodiak Brown Bear Trust,
Kodiak, Alaska, USA.
Fowler, N.L. 2021. Niche partitioning of intraguild large carnivores and effects on a shared
ungulate prey species. PhD Dissertation Defense, State University of New York, College of
Environmental Science and Forestry (virtual).
Fowler, N.L., J.L. Belant, G. Wang, and B.
Leopold. 2021. Denning, metabolic suppression, and the realization of ecological opportunities. 27th International Association for Bear
Research and Management (virtual).
Gantchoff, M., L. Conlee, J.L. Belant, M. Boudreau, and R. Iglay. 2021. American black
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bears in Missouri: recovery, expansion, and
challenges. 27th International Association for
Bear Research and Management (virtual).
Isaac E.J., N.H. Wehr, and R. Deschampe.
2021. Careers in fish and wildlife management. Summer School Career Day, Oshki
Ogimaag Charter School, Grand Portage,
Minnesota, USA.
Parchizadeh, J., and J.L. Belant. 2021. Brown
bear-human encounters in Iran resulting in
injury or death. 27th International Association
for Bear Research and Management (virtual).
Petroelje, T.R., D.E. Beyer Jr., and J.L. Belant.
2021. Use of trail cameras in wildlife research.
Trail Camera Forum. Wildlife Through Forestry
Series, Michigan Department of Natural Resources. Ishpeming, Michigan, USA.
Rota, C., A. Parsons, and K.F. Kellner. 2021.
Multi-species occupancy modeling workshop.
The Wildlife Society 28th Annual Conference
(virtual).
Wehr, N.H., S. Wehr, H. Boone, and J.L. Belant.
2021. Mammal diversity on Great Lakes Islands supports theory of island biogeography.
The Wildlife Society 28th Annual Conference
(virtual).
Wehr, N.H. 2021. My job as a wildlife scientist.
Skype a Scientist Series via the Eaton Valley
Community Learning Centre, Pope Memorial
Elementary School, Bury, Québec (virtual).
Zubiria Perez, A., S.L. Schooler, S.P. Finnegan,
N.L. Fowler, K.F. Kellner, A.L. Lutto, J. Parchizadeh, M. van den Bosch, J.L. Belant. 2021.
Risk and protection predict lion habitat use.
State University of New York University College of Environmental Sciences and Forestry
FlashTalk Series.
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Quantifying human-American black
bear conflicts across New York
Jamshid Parchizadeh, Kenneth F. Kellner,
Jeremy E. Hurst, David W. Kramer,
Jerrold L. Belant
Free-ranging large carnivores have strong ecological, economic, and cultural importance, but
are often involved in negative human-wildlife
encounters. Where large carnivores share the
same landscape with people, human-carnivore
encounters can become common, resulting in
potential threats to human safety and considerable socio-economic costs. In North America,
American black bears (Ursus americanus) are
the most common species of bear involved in
encounters with humans, which are primarily
non-life threatening incidents. We used a database of human-black bears encounters collected by the New York State Department of
Environmental Conservation during 2006–2019
to characterize factors influencing frequency
and intensity of these encounters. Overall, less
serious human-bear conflicts (e.g., residential or
commercial garbage, bird feeders) were report-
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ed early in the year (April–June), whereas more
serious conflicts (e.g., home break-ins, residential
garbage, and livestock issues) conflicts occurred
during July–September. We found that the
number of less serious conflicts early in the year
was positively associated with the frequency of
more serious conflicts later in the year. Also the
frequency of conflicts increased during drought
periods, which likely reduced availability of
alternative foods. Furthermore, the frequency
of more serious bear-human encounters within
large state parks (e.g., Adirondack and Catskills)
was greater than in other areas of the state, likely
associated with greater black bear abundance
in these state parks and high number of outdoor
recreationists. From this data we suggest that:
(i) bears may learn from earlier encounters and
become bolder, increasing the potential severity of conflicts, (ii) natural food scarcity due to
droughts may force bears to seek anthropogenic food sources, and (iii) food-conditioned and
human-habituated bears are strongly attracted to
human-derived foods, all of which may affect the
frequency and severity of encounters inside and
outside protected areas.

Factors influencing the economic
benefits from conservation hunting
and ecotourism to communal
conservancies in Namibia
Joseph D. Goergen, Malan Lindeque,
Maxi Louis, Christopher Comer,
Jerrold L. Belant
Namibia is a global leader in developing a successful community-based natural resource management (CBNRM) model. Administered by the
Namibian Association of CBNRM Organizations
(NACSO) and the country’s Ministry of Environment, Forestry and Tourism, Namibia’s CBNRM
program now comprises 86 communal conservancies representing 20% of Namibia’s land area
and supports more than 227,000 residents by
providing financial and social benefits to local
communities. Devolving ownership rights and empowering rural people to benefit from their wildlife
resources has also led to positive conservation
outcomes. Namibia is home to the world’s largest free-ranging populations of black rhinoceros

(Diceros bicornis) and cheetah (Acinonyx jubatus),
along with expanding populations of elephant
(Loxodonta africana), lion (Panthera leo), and other
iconic species.
We are developing a collaborative research
project with NACSO to determine the influence
of external and internal factors driving overall economic returns to conservancies from
conservation hunting and ecotourism. Returns
from these joint venture businesses accrue
to different stakeholder groups in the form of
cash income from hunting operators and lodge
concessions, hunting fees, employment and
salaries, the value of game meat, and other social benefits. Factors influencing these returns
could include conservancy size and time since
inception, presence of certain wildlife species,
and drought. Dynamics within a conservancy’s
management may also affect these economic
streams, such as governance indicators, harvest quota allocation, and measures of poaching as related to law enforcement.
Our research is intended to aid Namibia’s CBNRM
program by producing more robust analyses of
the factors influencing community benefits from
hunting and tourism. Results will inform conservancy management decisions and land use choices
with implications for sustainable development
priorities and the wildlife economy sector that can
be applied to community-based conservation
across southern Africa.
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American black bears in Missouri:
recovery, expansion, and challenges
Mariela G. Gantchoff, Laura Conlee, Melanie R.
Boudreau, Raymond B. Iglay, Jerrold L. Belant
American black bears (Ursus americanus) have
lost more than a third of their historical range,
but are currently recovering and expanding
in many areas. In Missouri, black bears were
historically abundant throughout the state, but
by 1900 they were almost extirpated due to
unregulated harvest and habitat loss due to
timber harvesting. By 1940, black bears were
considered fully extirpated from the state.
From 1959 to 1968, Arkansas conducted a
successful black bear restoration program,
where 254 bears were released in the Ozarks
and Ouachita Mountains. In addition, black
and spatial distribution in the area of interest.
We built a stage-based matrix and population
model using 10 years of field-collected demographic and movement data, and implemented
the stage matrix into a spatially explicit metapopulation model to quantify and predict the
growth and expansion of the black bear population in Missouri.
The initial bear population for the model was
developed based on a local capture-recapture
study from 2012, and the landscape suitability
on a previously developed distribution model
using telemetry data (2010–2018). We collected reproductive data (2011–2020) which
included 147 female bears monitored, 70 litters,
and 139 cubs born.
bear habitat in Missouri improved as a result of
a discontinuance of unregulated timber harvesting during the early 1900s. As a result, the
numbers of bear sightings, bear-vehicle collisions, and nuisance complaints have increased
in Missouri over the last 25 years, suggesting
black bear abundance and distribution is increasing.
Successful conservation strategies require
sound information on wildlife demographics
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These results were used to inform the delineation of black bear management zones in
Missouri as well as the distribution of harvest
quotas for the newly developed hunting season in 2021. Future conservation and management of bears in this area will benefit from
preserving these well-connected high-quality
habitat patches, while targeting conflict mitigation strategies in areas with anticipated
increases in bear abundance and human-bear
interactions.

Evaluating effects of harvest on wolf
pack persistence in Wisconsin
Alejandra Zubiria Perez, Jennifer L Price Tack,
David M. MacFarland, David B. Ruid,
Jerrold L. Belant
The delisting of gray wolves (Canis lupus)
from the Endangered Species Act in January
2021 has returned the species to state-level
management. In response, Wisconsin initiated its first legal wolf harvesting season
since 2014 in February, during which 218
wolves were harvested. As this and other
states resume legal harvests, they must
consider the effects of harvesting and other
lethal-management policies on wolf population dynamics to ensure viability of the
species. Human-caused mortalities can be
demographically selective due to management actions (e.g., restrictive harvest quotas), hunter choice, or individual vulnerability
of animals based on behavior and morphology. Additionally, harvest seasons may overlap with important life history events such as
mating season, which can exacerbate the
effects of mortality on population dynamics
if reproduction is affected.
Our research aims to evaluate the effects

of harvest and lethal management on wolf
pack persistence and reproductive success
in Wisconsin, USA. Using data from reported
wolf mortalities from legal human actions
(i.e., legal harvesting or management removal) collected by the U.S. Department of Agriculture Wildlife Services and the Wisconsin
Department of Natural Resources (WDNR),
we will analyze whether legal human-caused
mortalities result in decreased pack persistence. We will also use howl surveys
conducted in Wisconsin wolf range by the
WDNR to evaluate reproductive success in
packs with mortalities from legal harvest or
management removals. Specifically, we will
evaluate how pack persistence and reproductive success are influenced by the sex
and age class of removed individuals and
the frequency and timing of wolf mortalities.
Our work will provide a better understanding of the effects of harvesting and lethal
management on wolf population dynamics.
In light of the recent changes to the protection status of the gray wolf and the reinstitution of legal harvests, our findings will help
inform policy development to ensure sustainable wolf populations in Wisconsin and
elsewhere in the United States.
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Impacts of harvest regulation and landscape attributes on human-caused wolf
mortality across North America
Jacob E. Hill, Hailey M. Boone, Mariela G.
Gantchoff, Todd M. Kautz, Kenneth F. Kellner,
Elizabeth K. Orning, Jamshid Parchizadeh, Tyler R. Petroelje, Nathaniel H. Wehr, Shannon P.
Finnegan, Nicholas L. Fowler, Ashley L. Lutto,
Alejandra Zubiria Perez, Sarah L. Schooler,
Merijn van den Bosch, Jerrold L. Belant
Across much of the world, there is increased
interest to reestablish depleted carnivore populations. However, there remains limited information regarding which mortality sources primarily
impact such populations, as well as factors that
influence susceptibility to these mortality sources across their geographic ranges. To this end,
we used a database of cause-specific mortality
to examine how harvest regulations and landscape characteristics impacted mortality of gray
wolves (Canis lupus). Gray wolves have recently
exhibited range expansions following human-induced population declines and also were removed from listing under the U.S. Endangered
Species Act in January 2021.
Our dataset included 33 studies that monitored
the fates of 4,189 wolves and reported 1,760
mortalities of known cause. Anthropogenic
mortality was highest in sites where legal harvest
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was permitted in part of the study area compared to areas where harvest was entirely legal
or illegal across the entire study area. Mortality
from management removal was reduced when
harvest was legal compared to sites where harvest was not legal, suggesting that legal harvest
may reduce human-wolf conflicts. The proportions of wolf mortality due to legal and illegal kills
were unaffected by harvest regulations.
The amount of natural habitat was positively
related to the proportion of mortalities caused
by humans overall, as well as illegal harvest and
mortality from management actions. Greater
fragmentation of natural habitat was also positively correlated with overall human and illegal
mortality, and we observed a similar trend for
management mortality. Thus, anthropogenic or
human-caused mortality appeared to be greatest in landscapes with more extensive, but also
more fragmented, amounts of natural habitat.
We suggest that these areas likely have higher
densities of wolves due to habitat availability,
but movement of wolves between fragmented
patches of suitable habitat may put them at increased risk of mortality from humans. Targeted
efforts to increase survival in landscapes where
human-induced mortality is elevated could improve the viability of recovering carnivore populations as their geographic ranges expands.

Spatial analyses of wolf-livestock depredations across the Great Lakes Region
Nicholas L. Fowler, Mariela G. Gantchoff,
Dean E. Beyer, John Hart, Donald Lonsway,
Brian J. Roell, David Ruid, Jerrold L. Belant

created integrative mapping software allowing wildlife managers and the public to better
allocate resources and inform themselves of
the likelihoods of conflict across the Upper
Peninsula.

In 2019 the Global Wildlife Conservation
Center published an article in Biological
Conservation titled ‘Non-linear relationships
between human activities and wolf-livestock
depredations’. Our objective was to create a
predictive mapping software to better inform
the mitigation of wolf depredations of livestock in the Upper Peninsula of Michigan. In
doing so, we pioneered the use of quadratic equations to describe aspects of human
activity leading to the greatest probability of
wolf conflicts at multiple spatial scales. We

Through expanded cooperative partnerships
across wolf range in the Great Lakes region,
we are performing a reanalysis of our models
using updated data from the Upper Peninsula
and historical data from the U.S. Department
of Agriculture Wildlife Services in Minnesota
and Wisconsin. We have expanded our sample size from 260 to 998 spatial locations of
wolf-livestock depredations. During the next
year, we will finalize the publication and update our online resources with this expanded
dataset to better inform wolf management
across the Great Lakes Region.
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A meta-analysis of range-wide caracal
and jungle cat diets
Jamshid Parchizadeh, Sarah L. Schooler,
Mohammad Ali Adibi, Sahar Rezaei,
Jerrold L. Belant
An animal’s diet can broadly define their habitat and resource requirements. Understanding
the diet of carnivores can help determine their
effects on prey, including livestock, and potential competition with other species. Species
that have similar resource needs often reduce
competition with potential competing species
by changing their daily activity patterns, location, or prey use. The caracal (Caracal caracal,
body mass 6–25 kg) is a medium-sized cat
with a geographic distribution across Africa
and Asia that can feed on prey nearly twice
its size, whereas jungle cat (Felis chaus, body
mass 5–6 kg) ranges from south-eastern Asia
to the Middle East and eastern Europe and
consumes smaller prey than caracals. As the
ranges of caracal and jungle cat partially over-
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lap, we examined if jungle cats and caracal
changed their diet in areas of overlap.
We summarized and analyzed data from 51
studies investigating the diets of caracals and
jungle cats (40 and 19 studies, respectively) across their geographical ranges during
1934–2020, including data from scats, stomach contents, kills sites, as well as anecdotal
reports. Jungle cat diet included 43 species,
whereas caracal diet included 165 species. We
found that caracals and jungle cats did not alter
their diet to avoid potential competition in areas
where their ranges overlap. Small mammals
made up a large proportion of both caracal and
jungle cat diets. However, we found that while
birds and reptiles also represented a large portion of jungle cat diet, caracals consumed more
hooved animals, including livestock. Only jungle
cats consumed fish, while carnivores made up a
larger portion of caracal diet.
Our findings have important implications for

caracal and jungle cat ecology and conservation, demonstrating that high abundance
of prey items in areas of range overlap may
allow them to coexist. Additionally, it appears
competition may be reduced through prey size
where caracals consume larger prey species
than jungle cats. With changes in ranges and
populations due to habitat loss and climate
change, more research is necessary on both
caracals and jungle cats especially in understudied areas such as the Middle East.

Strength of protection and buffer zones
increase effectiveness of protected
areas for African lions
Sarah L. Schooler, Shannon P. Finnegan,
Nicholas L. Fowler, Kenneth F. Kellner, Ashley L. Lutto, Jamshid Parchizadeh, Merijn van
den Bosch, Alejandra Zubiria Perez, Lusato
M. Masinde, Stanslaus B. Mwampeta, Hailey
M. Boone, Mariela G. Gantchoff, Jacob E. Hill,
Todd M. Kautz, Nathaniel H. Wehr, Robert Fyumagwa, Jerrold L. Belant
As humans continue to encroach on wildlife habitat globally, human-wildlife conflicts
are increasing, especially among large carnivores. Protected areas, such as national
parks, can reduce conflicts, but the amount
of protection as well as presence of buffer
zones (protected areas adjacent to a core
protected area) can influence their ability to
protect large mammals.

activity. This ultimately has the potential for increased incidences of human-wildlife conflict.
Lions preferred protected areas that prohibited
lion hunting, had higher management budgets,
and were not inhabited by humans or used
for crop agriculture or livestock grazing. Lions
used habitat located further inside protected
areas during the dry season, especially where
strongly protected areas were unavailable and
frequent livestock incursion and poaching for
bushmeat occurred.
Protected areas with increased enforcement
against illegal activities and limited human
incursions provided the best opportunity
for wildlife to navigate seasonally changing
resources and simultaneously avoid risk of
human encounters. However, in protected
areas that are mixed-use with lower enforcement against illegal activities, we found that
buffer zones can improve functionality of core
protected areas, especially during periods
of resource (e.g. prey, water) limitation and
human and livestock incursion. Our results
demonstrate the importance of strong protection of core protected areas to ensure species
persistence, but also show that in the absence
of strong protection, buffer zones can be
effective in reducing anthropogenic pressures
on wildlife.

We used locations from GPS-collared African lions (Panthera leo) in the Serengeti ecosystem,
Tanzania to estimate lion seasonal space use
in response to degree of human activity, and to
determine the effectiveness of protected areas
in mediating that response. We found that lions
avoided areas with high human activity more
in the wet season (November–May), when
lion prey are spread across the landscape as
compared to the dry season (June–October),
when prey are clustered at permanent water
sources. Because humans and cattle also rely
on permanent water sources, distribution of
permanent water and accessible prey may
increase lion use of areas with high human
31

Identifying potential gray wolf habitat
and connectivity in the Eastern United
States
Merijn van den Bosch, John D. Erb,
Mariela G. Gantchoff, Kenneth F. Kellner,
David M. MacFarland, D. Cody Norton,
Brent Patterson, Jennifer L. Price Tack,
Brian J. Roell, Jerrold L. Belant
Many large carnivores only occupy a fraction of their historical range, as a consequence of human persecution, loss of
habitat, and loss of habitat connectivity.
Yet some species have been successful in

recolonizing parts of their former range, as
a result of increased legal protection and
changes in public perception. But these
recolonizing species do so in a changed
world, where their habitat has been reduced and fragmented by humans and their
activities, complicating recolonization.
Using wolf (Canis lupus) snow tracking data
provided by the Departments of Natural Resources of Minnesota, Wisconsin, and Michigan, we are assessing locations of remaining
suitable wolf habitat throughout their entire
former range in the eastern United States.
Wolves were historically present in most
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eastern US states, with the exception of the
southeast, and it is likely suitable habitat remains in many areas formerly occupied. We
are also assessing landscape connectivity
to estimate the potential for wolves to reach
remaining suitable habitat from their current
range in the western Great Lakes region.
By creating a species distribution model
for current wolf range in the Great Lakes
region, we are quantifying suitable wolf
habitat. This model will be projected across
the entire former range in the eastern USA
to identify core areas of suitable habitat.

Additionally, this data will allow us to estimate the most suitable corridors connecting wolf-occupied areas with unoccupied
areas by calculating least-cost paths and
cost-weighted distances. The protection
status of core areas and linkages between
them will also be assessed. Protected areas
are of great importance to large carnivores
as they may offer refuge from human disturbance, thereby also reducing risks of
human-wildlife conflicts. Identifying suitable
habitat in former wolf range and habitat
connectivity can inform development of
management and policy strategies for this
iconic species.

Involving the public through community
science
Hailey M. Boone, Mark C. Romanski,
Jerrold L. Belant

Human-bear networks: spatial prioritization of public outreach and management duringcarnivore recolonization
Melanie R. Boudreau, Mariela G. Gantchoff,
Carlos Ramirez-Reyes, Laura Conlee, Jerrold
L. Belant, Raymond B. Iglay
Despite continued global declines in large carnivore abundance and distribution, some species
are recovering. In North America, these recoveries
can occur in large areas of suitable habitat in or
near areas of human development, increasing the
likelihood of human-carnivore conflicts. Understanding the intersection among habitat suitability,
connectivity, and human-carnivore conflicts can
aid in conflict prevention and mitigation.

In 2021 we included Isle Royale National Park’s
visitors in our research with a community science
outreach project using the Strava mobile application. The Strava application allows visitors to document where they go on the trail network during
their trip to Isle Royale. From these recordings,
we receive an anonymous heat map showing
how frequently each trail is used. By combining
this information with our remote camera array and
the park’s permit data, we are able to generate a
more comprehensive map of visitation throughout the island. This dataset will help us investigate
how the mammal community’s spatial use, activity
patterns, and behavior fluctuate in response to
human visitors and wolves. As a bonus, the visitor
use data will assist the National Park Service (NPS)
in planning for future trail maintenance and interpretation activities.
From May to October, we had hundreds of trail
use events recorded from visitors, SUNY ESF
researchers, and NPS staff. With the assistance of
NPS, social media, and dozens of community scientists, we have launched a successful community
science initiative that will continue over the next
several years in conjunction with the long-term
camera array.

We examined the influence of landscape attributes (e.g., total amount of suitable habitat,
average connectivity) on conflicts within communities (i.e., cities, towns, villages, and incorporated municipalities) in Missouri. Herein, we
define “conflict” as any human-bear interaction
which could result in a real or perceived conflict
as reported by a state agency. We developed
a framework integrating landscape attributes
and conflict reports to identify community-conflict potential and help prioritize education and
conflict mitigation actions aimed at facilitating
long-term coexistence in the face of black bear
(Ursus americanus) re-establishment.

We used GPS collar data from 97 bears and
conflict reports collected between 1991 and 2020,
data from 2020 was used to validate the model predictions. Suitable habitat for black bears
comprised about 29% of Missouri and was predominantly forest and shrub cover with low habitat
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fragmentation and human density, and greater
spring vegetation productivity. Potential landscape connectivity was highest in southcentral
Missouri with limited connectivity in northern
and eastern portions of the state. Conflict
rates were low (61 of 94 communities had 1-2
reported conflicts over 30 years), increased
6.5-fold from 2000 to 2020, and 75% involved
black bear use of anthropogenic food sources.
Presence and rate of conflicts increased with
greater amounts of suitable habitat, landscape
connectivity, and community size, with conflict rate also positively associated with patch
density and aggregation and negatively associated with patch area. Of 1010 communities
in Missouri, models identified 99 communities
which have increased potential for human-bear
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conflicts based on surrounding landscape
characteristics.
Conflicts were generally related to anthropogenic foods, which is the largest driver of
human-black bear conflicts throughout North
America. While conflicts were few per human
capita, they increased over time, and it is likely
this trend will continue as bears recolonize historic ranges resulting in an increased need for
time and resources from wildlife managers. Our
framework integrating landscape attributes and
conflict reports can successfully identify communities at greater risk of conflict for a wide array of conflict-prone species and help prioritize
communities for education and conflict mitigation actions, facilitating long-term coexistence.

Seasonal habitat selection of Isle
Royale and Grand Portage wolves
Nathaniel H. Wehr, Hailey M. Boone,
Todd M. Kautz, E.J. Isaac, Seth A. Moore,
Mark C. Romanski, Jerrold L. Belant

mammal distributions including spring and fall
migrations by moose and white-tailed deer
(Odocoileus virginianus) and competition with
black bears (Ursus americanus) to consume
newborn ungulates.

Ecological seasonality describes the dynamic
adaptations of species to changes in the biotic
community within which they reside. Within
the context of this concept, the alternative
prey hypothesis suggests predators should
alter their behavior to concentrate on the
most available prey species. To test these
concepts, we are comparing large mammal
community ecology in Isle Royale National
Park, Michigan, USA with an adjacent mainland ecosystem on the Grand Portage Indian
Reservation, Minnesota, USA. Isle Royale
has been a critical site for studying the dynamic relationship between gray wolves
(Canis lupus) and moose (Alces alces) for
more than 50 years. On the island, wolf and
moose distributions remain relatively constant
throughout the year. In contrast, wolves on
the mainland adapt to seasonal shifts in large

To improve our understanding of ecological
seasonality, alternative prey hypothesis, and
interactions among wolves, moose, whitetailed deer, and black bears, we are collaborating with the National Park Service and the
Grand Portage Band of Lake Superior Chippewa to attach GPS collars to these species.
We are using resource selection functions to
analyze location data from GPS collars to estimate habitat selection of wolves in response
to seasonal shifts in ungulate habitat use
and potential competition by black bears for
shared prey. Our results will advance scientific
understanding of ecological seasonality and
alternate prey hypothesis; further, this data can
be used to identify habitats selected by wolves
in response to prey distributions and improve
management of important habitats in the Great
Lakes region.
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Temporal dynamics in landscape use
of recolonizing Gray Wolves
Merijn van den Bosch, Dean E. Beyer, Jr., John
D. Erb, Mariela G. Gantchoff, Kenneth F. Kellner, David M. MacFarland, D. Cody Norton,
Brent Patterson, Jennifer L. Price Tack,
Brian J. Roell, Jerrold L. Belant
Since wolves (Canis lupus) were listed on the
Endangered Species Act in 1973, they have
made a remarkable comeback in the western
Great Lakes region, recolonizing parts of Minnesota, Wisconsin, and the Upper Peninsula
of Michigan. As cooperation with our partners
of the Great Lakes Wolf Collaboration, we are
using wolf snow tracking data from the Departments of Natural Resources in Minnesota,
Wisconsin, and Michigan, to study this recolonization process.
Understanding how wolves use this landscape
is crucial to predict their future distribution,
and also provides valuable insights on how to
manage the current population in the Great
Lakes region. Assessing their spatial behavior throughout time can reveal to what extent
wolves can adapt to less suitable habitat, once
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preferred habitat is occupied. For example,
in 1985 wolves reportedly only tolerated road
densities up to 0.53km/km2 whereas by 1993
wolves occupied areas with road densities up
to 0.93km/km2.
We are modeling the landscape use of wolves
with a focus on disentangling these temporal
dynamics. Using snow tracking data from 1989
to 2020, we are creating species distribution
models in 5-year increments, thereby creating
6 snapshots in time of how wolves used the
landscape during these periods. This allows us
to characterize the ecological plasticity wolves
have shown over time, and identify the factors
they have adapted to, such as roads, agricultural land cover, and human population density.
We will then be able to quantify to what extent
wolves began adapting to more human-disturbed areas, and whether the factors influencing their space use have changed over time.
Moreover, it will give a glimpse into the future: if

the plasticity shown by wolves has decreased
during this time period, and recent range expansion appears absent, it may indicate wolves
have reached the limits of their adaptability. If
not, wolves may well continue to recolonize
areas previously thought unsuitable for them.

Using female moose movements and
conservation detection dogs to track
calf survival in Minnesota
Todd M. Kautz, Greg A. Davidson, Nathaniel H.
Wehr, Seth A. Moore, Jerrold L. Belant
Northeastern Minnesota’s moose (Alces alces)
population has declined alarmingly during the
past 20 years, raising concerns over the future
of this iconic Northwoods species as a part of
Minnesota’s ecosystems and as a subsistence
food source for Anishinaabe communities in the
region. Recent studies indicate that calf survivorship is low and is likely a key process driving
population declines. However, tracking calf mor37

tality using typical ungulate study methods
has proven difficult because radio-collaring
moose calves carries a high risk of maternal
abandonment.
In collaboration with the Grand Portage Band of
Lake Superior Chippewa, we are implementing a
new method of tracking moose calf survival without handling calves using movements from GPS
data from collared cow moose and conservation
detection dogs. Recent research has demonstrated that cow moose birth events can be detected from GPS collars as moose make a long
and fast travel before labor, immediately followed
by 5–10 days of stationary activity after birth. If a
newborn calf dies, the mother will begin a series
of rapid loops often spanning 5–10 km, while returning to the site of the calf mortality. Observing
these movements in real time can alert researchers to birth and death events without the need to
even leave their desk. However, determining the
cause of death requires locating the calf carcass
for evidence of health and predation.
Within hours, wolves (Canis lupus) or black bears
(Ursus americanus) may carry a calf carcass several hundred meters and reduce the carcass to
a few small and scattered remains. Finding these
remains with human searchers can be a nearly
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impossible task but can be achieved in a matter
of minutes using conservation detection dogs.
In previous research by the Camp Fire Program
in Wildlife Conservation, dog teams were more
than 4 times as effective as human searchers for
finding small prey remains! By applying the combination of collared cow movements and dog
teams during spring 2020 and 2021, the Grand
Portage moose study has located 20 newborn
moose calf mortalities and determined a cause
of death for 18 of those events without handling
any live calves. These methods will allow the
Grand Portage community to make informed
decisions concerning moose calf management
without risking the loss of any calves due to
research activities.

how wolves and other mammals respond to visitor abundance and distribution across the island.
Another focus of this camera study is to investigate how various groups of species respond to
perceived risk from wolves and humans seasonally and over multiple years.

Using remote cameras for long-term
monitoring of wildlife

We have obtained over 2 million images documenting wolves, red fox (Vulpes vulpes), American marten (Martes americana), river otter (Lontra canadensis), moose, North American beaver
(Castor canadensis), snowshoe hare (Lepus
americanus), ermine (Mustela erminea), American mink (Neovision vison), red squirrel (Tamiasciurus hudsonicus), muskrat (Ondatra zibethicus)
and deer mouse (Peromyscus maniculastus).
These cameras have assisted us in identifying
potential wolf pack formations through identification of wolves originally released through collars
or ear tags and distribution of wolves across specific time periods. The cameras have also helped
identify pups each year from 2019 to 2021.

Hailey M. Boone, Mark C. Romanski,
Jerrold L. Belant
Remote cameras are a tool to monitor wildlife
populations, including species abundance and
distributions. As part of our ongoing research
with the National Park Service to characterize
the introduction of wolves (Canis lupus) on Isle
Royale National Park, we have maintained an
array of 156 cameras since 2019. The main goal
of this array is to monitor fluctuations in animal
distributions across seasons and years. Additionally, these cameras allow us to document
relationships among wolves, other predators,
scavengers, and prey species. We are also
using these cameras to investigate trends in
animal behavior, such as wolves hunting moose
(Alces alces).
By pairing our camera data with ongoing location
data from GPS-collared wolves and wolf scat collection, we can better monitor wolf social organization such as pack formation and identify young
produced each year. Additionally, with cameras
installed both on and off trails, we can investigate
39

Distribution model transferability for a wide-ranging
species, the Gray Wolf
Mariela G. Gantchoff, Dean E.
Beyer, Jr., John D. Erb, David M.
MacFarland, D. Cody Norton, Brian
J. Roell, Jennifer L. Price Tack,
Jerrold L. Belant
Understanding which factors limit
species distributions is a foundational question in ecology and conservation, and species distribution
models have become an important
tool to map and predict species occurrences. Using existing data can
be a reliable and cost-effective way
to predict species distributions, and
particularly useful for recovering or
expanding species.
Our objective was to develop
a current gray wolf (Canis lupus) distribution model for the
western Great Lakes region. In addition, we
assessed species distribution model (SDM)
transferability by comparing model performance in making predictions within or outside
the geographical domains of the model. This
study is the first assessment of distribution
model transferability in a behaviorally plastic
and wide-ranging carnivore, while also adding
to a limited number of studies that assessed
SDM transferability in any type of ecosystem
at a regional (i.e., thousands of square kilometers) scale.
We collected 3,500 wolf locations from winter
surveys in Minnesota (2017–2019), Wisconsin
(2019–2020), and Michigan (2017–2020). We
included 10 variables: proportion of natural
cover, pastures, and crops; distance to natural
cover, agriculture, developed land, and water;
major and minor road density; and snowfall
(1-km res.). We estimated spatial transferability
using two complementary approaches: making
predictions within (state cross-validation) or
outside (extrapolation) the geographical domains
of the models.
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State-based models performed slightly better than
the regional model at describing wolf distribution
within the geographic extent of their presence
locations. Our spatial transferability assessment
indicated that extrapolation produced results most
similar to the regional model, as well as having
better performance in relation to the validation
data. Proportion of natural cover and distance to
crops were the most important covariates determining regional wolf distribution, and state-based
models also consistently indicated crops and
natural cover among the three most influential
variables.
Assessing spatial transferability performance is
key when assessing expanding and recovering
species and can identify concerns with extending
inferences beyond the current occurrence of individuals. Matching distribution models to the needs
of particular objectives, and assessing variation in
predictive power, internal performance, as well as
ecological and behavioral inferences, will continue
to be critical to avoid poor scientific interpretations
and develop appropriate conservation and management applications.
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ubms: A R package for fitting hierarchical occupancy and N-mixture abundance models in a Bayesian framework
Kenneth F. Kellner, Nicholas L. Fowler, Tyler R.
Petroelje, Todd M. Kautz, Dean E. Beyer, Jr.,
Jerrold L. Belant
Reliable assessment of species distribution and
abundance is an important goal of a wide range of
fields including wildlife research and management.
Imperfect detection of individual animals and plants
is a common source of bias in these assessments.
To address this source of bias, several models have
been developed that separate the detection process from the presence/absence or abundance
process. Common examples include occupancy
modeling and N-mixture abundance modeling.
Multiple software tools have been developed to
facilitate fitting occupancy and abundance models
and estimation of covariate effects. Many popular
tools, such as MARK, PRESENCE, and the R package unmarked, use a maximum likelihood approach. More recently, biologists have begun to use
Bayesian methods to fit occupancy and abundance
models. The two approaches each have advantages and disadvantages. Maximum likelihood-based
tools are typically fast and allow for easy selection
among competing models, but have limited ability
to estimate random effects and cannot incorporate
prior information. Bayesian approaches provide
more flexibility, but typically require knowledge of
specialized programming languages and are often
much slower computationally. We developed an R
package, ubms, that aims to combine the advantages of both approaches and make Bayesian methods
accessible to more researchers.
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ubms uses an interface nearly identical to the
popular unmarked R package, to make it easy for
researchers to make the switch between maximum
likelihood and Bayesian approaches. Currently, seven different occupancy and abundance models are
available. To fit a model, researchers provide input
data along with a series of formulas to define which
covariates to include in each part of the model. In
the background, ubms converts this information into
model code compatible with Stan, a popular Bayesian analysis tool, and runs the model. Users can then
test how well their model fits the data using a variety
of built-in tools and visualize how covariates affect
detection probability, occupancy, and/or abundance.
To demonstrate the use of the new software, we
modeled ruffed grouse (Bonasa umbellus) count
data from drumming surveys in Michigan. We found
that the amount of aspen in the surrounding forest
had a strong, positive effect on grouse abundance,
and grouse detection probability declined over the
course of the season. Our best model included
a random site effect, which would have been
difficult or impossible to incorporate other existing
software tools. We believe ubms has the potential
to become a valuable tool for researchers and
managers monitoring wildlife populations.
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Staff Profiles
Hailey Boone, Graduate Research Assistant
Hailey is a PhD student studying predator-prey relationships between wolves
and moose in Isle Royale National Park, Michigan. Her research interests include
carnivore and ungulate ecology and management, predator-prey relationships,
and sampling techniques to estimate abundance and movement.

Shannon Finnegan, Graduate Research Assistant
Shannon is a PhD student studying movement ecology, diet, and
behavior of brown bears on the Kodiak Archipelago. Her research
interests include large carnivore behavioral ecology and conservation.

Nick Fowler, Adjunct Research Scientist
Nick is an area biologist with Alaska Department of Fish and Game on the
Kenai Peninsula and has continued to work collaboratively with GWCC on
various projects after completing his M.S. and Ph.D. with Dr. Belant. His
research interests include large mammal ecology and predator-prey dynamics.
Mariela Gantchoff, Research Scientist
Mariela is currently a postdoctoral research associate investigating aspects
of population and spatial ecology of recolonizing black bears in Missouri. Her
research interests include carnivore resource use and behavior, spatial ecology
and landscape connectivity, and applied conservation.
Joe Goergen, Graduate Research Assistant
Joe is a Masters student evaluating the role of hunting tourism and factors
driving conservation success of Namibia’s community-based natural resource
management model. He also works full-time as the Conservation Manager for
Safari Club International Foundation.
Jacob Hill, Research Scientist
Jacob is a postdoctoral research associate at University of Georgia and
has continued to work collaboratively with GWCC on various projects after
completing his Ph.D. and postdoctoral research with Dr. Belant. His research
interests include understanding how human activities influence ecosystem
functioning with a particular interest in endangered species conservation.
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Todd Kautz, Research Scientist
Todd is a postdoctoral research associate conducting predator-prey research in collaboration with the Grand Portage Band of Lake Superior Chippewa. His research interests include population dynamics, animal energetics, predator-prey interactions, and techniques for abundance estimation.
Ken Kellner, Wildlife Conservation Scientist
Ken is now working as the wildlife conservation scientist after transitioning
from a postdoctoral research associate focused on deer management in
New York State. His research interests include population and agent-based
modeling, ecosystem responses to disturbance, wildlife disease, and opensource tools for reproducible research.
Dan Li, Graduate Research Assistant
Dan is a PhD student researching the human–wolf interactions in the
Western Great Lakes Region. Her research interest is exploring avenues
to human–wildlife coexistence through the integration of ecological and
social sciences.

Ashley Lutto, Outreach and Program Coordinator
Ashley serves as the outreach and program coordinator at GWCC and
is a full-time employee with Kenai National Wildlife Refuge in Alaska. Her
research interests include predator-prey interactions, carnivore ecology,
and environmental education.

Stanslaus Mwampeta, Research Associate
Stan is a field biologist working on our research in the Serengeti ecosystem,
emphasizing lions and is pursuing a PhD degree on methods to improve lion
population estimation. His research interests include understanding carnivore co-occurrence, resource use, and predatory-prey relationships.
Jamshid Parchizadeh, Graduate Research Assistant
Jamshid is an incoming PhD student whose research will be focused on
wolves in the Great Lakes region. His research interests include large carnivore ecology, large carnivore-human and predator-prey interactions, and
large carnivore management and conservation.
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Tyler Petroelje, Research Scientist
Tyler is a postdoctoral research associate quantifying white-tailed deer
movements and abundance in relation to chronic wasting disease in the
Upper Peninsula of Michigan. His research interests include predator-prey
relationships, movement ecology, and multi-scale resource selection.
Sarah Schooler, Graduate Research Assistant
Sarah is PhD student studying elk habitat use and timber harvest on
Afognak and Raspberry Islands, Alaska. Her research interests include
predator-prey biology, large carnivore ecology, animal movement ecology, remote sensing, use of genetics to study population and movement
ecology, and complex spatial habitat modeling.
Merijn van den Bosch, Research Assistant
Merijn is a PhD student studying spatial ecology of wolves in the Great
Lakes region. His research interests include human-wildlife conflicts,
carnivore ecology, avian ecology, and conservation biology.

Nathaniel Wehr, Graduate Research Assistant
Nate is a PhD student studying predator-prey interactions in Isle Royale
National Park, Michigan and Grand Portage Reservation, Minnesota.
His research interests include spatial ecology, community ecology, and
management of game mammals.

Alejandra Zubiria Perez, Graduate Research Assistant
Ale is PhD student evaluating gray wolf mortality in the Great Lakes
Region. Her research interests include carnivore ecology and behavior,
human-wildlife coexistence, and wildlife management and conservation.
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