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TUESDAY, DECEMBER 5th
STRATEGIC ADVANCEMENT OF WILDLIFE CONSERVATION

WHAT DIFFERENCE DOES DOING FIELD RESEARCH MAKE? COMPARING OUTCOMES FROM INQUIRY
RESEARCH, CITIZEN SCIENCE, AND ADVENTURE HIKE EXPERIENCES FOR MIDDLE/HIGH SCHOOL STUDENTS.
Kevin Krasnow1, Ana Houseal2, Mike Szydlowski3, Clare Gunshenan1,2, and Louis Nadelson4
1

Teton Science Schools, Jackson, Wyoming (kevin.krasnow@tetonscience.org)
Science and Math Teaching Center, University of Wyoming, Laramie, WY
3
Columbia Public School District, Columbia, MO
4
Sponsored Programs and Academic Research, Colorado Mesa University, Grand Junction, CO
2

In this study we compare student growth in their attitudes about science, self-efficacy, and understanding of nature
of science principles (NOS) after a week-long residential program that included specific instruction in a 1-day
experience in either open inquiry research, citizen-science research, or an adventure hike (no research). Students
from the Columbia School District, MO (n=442) visited Teton Science Schools for a week during the summer of 2016
or 2017 and were randomly assigned one of these three experiences. Of the three treatments, inquiry based
instruction/research led to the most positive gains for students combined across NOS understandings, attitudes
about science, and self-efficacy. Citizen based science research showed the greatest gains in understanding of NOS
principles, but was less effective than the other treatments in improving attitudes about science and self-efficacy.
The adventure hike (absence of science research) led to increased gains in self-efficacy, but poorer understanding of
NOS principles compared to citizen science, and fewer gains in attitudes about science compared to Inquiry science.
In this presentation, preliminary results comparing student growth across these treatments and tradeoffs associated
with instructional activity choices will be discussed.

GETTING PAST “JUST MUDDLING THROUGH” — STRATEGIC THINKING IN WILDLIFE CONSERVATION
Don DeLong
U.S. Forest Service, Greys River Ranger District, Afton, WY (ddelong@fs.fed.us)
There are many demands on a wildlife biologist’s time, much of which pulls us away from truly important work, and
too much time is spent “just muddling through.” As pointed out by Dale Bosworth, a recent Chief of the Forest
Service: “There are great issues and great diversions. Great issues are matters that cry out for public attention and
resolution. Great diversions are relatively unimportant matters that take up a lot of our time and effort.” Getting
things done on the ground is of utmost importance, but to do this on federal land in nearly all cases requires planning
and NEPA. It just makes sense that we think through things (i.e., plan) before we act. To be effective in getting things
done on the ground over the long term, including making sure projects of other disciplines meet wildlife
requirements, biologists need to be able to convey (1) suitable habitat conditions for wildlife, (2) gaps between
suitable and existing conditions, (3) how to bridge the gaps to meet requirements, and (4) objective assessments of
effects of alternatives on wildlife. These are four basic elements of planning. One way to accomplish this is to align
our thinking and to organize our programs around these four basic phases of planning. Benefits of structuring
programs this way are that it (1) helps make sure we put time and effort, over the long haul, into addressing “great
issues” that need our attention; (2) puts specific parts of the program in context (e.g., why we monitor); (3) sets the
stage for biologists to effectively address issues as they arise rather than biologists being caught on our heels; and
(4) can foster the generation of meaningful research question
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INCORPORATING WILDLIFE HABITAT INFORMATION INTO THE FOUNDATION
OF LAND DEVELOPMENT REGULATIONS
Megan A. Smith1 and Alyson Courtemanch2
1
2

Alder Environmental, LLC, Jackson, WY (megan@alderenvironmental.com)
Wyoming Game and Fish Department, Jackson, WY

Wildlife habitat information is rarely incorporated into land development regulations. In Teton County, WY the
Jackson/Teton County Comprehensive Plan (2012) calls for the protection of native species populations and their
habitats through a system of regulations and requirements based on relative value of habitat. This goal of
incorporating wildlife habitat information into the next generation of land development regulations is being
conducted through the use of a Focal Species Habitat Map. We took a collaborative approach to the creation of this
Focal Species Habitat Map which is based on the important habitat features for 17 focal species and mapped
migration corridors in Teton County on public and private lands. Focal species were selected from lists of
threatened/endangered and sensitive species as well as economically and culturally important species in Teton
County. Focal species were selected to represent diverse habitat types and for which information on habitat
requirements was readily available through published studies and/or local knowledge. To determine the relative
values, we applied weights to each species depending on a list of factors such as its relative sensitivity to human
development/disturbance, loss of habitat, and population isolation. These species values were then summed. Each
pixel in the map illustrates the relative value of habitat for this combination of focal species. This map will be used
as a foundational tool to inform the next generation of land development regulations in Jackson and Teton County.
A key component of this map is that it can be easily revised as new habitat and wildlife information is obtained. To
our knowledge, this is one of the first times that comprehensive, site-specific wildlife habitat information has been
incorporated into local land development regulations and planning. This approach serves as an example of how to
link scientific information with local planning and development regulation efforts.

FIVE PRACTICAL TIPS FOR STRATEGIC USE OF GENETICS
IN APPLIED WILDLIFE CONSERVATION AND MANAGEMENT
Holly Ernest (Holly.Ernest@uwyo.edu)
Wildlife Genomics and Disease Ecology Lab, Dept. of Veterinary Sciences, Univ. of WY Laramie, WY
Wildlife live very secret lives. They build nests, choose mates, compete with each other, move about the landscape,
and experience disease and predation - with relatively brief snapshot glimpses from us researchers through our
lenses of scientific tools. Increasingly wildlife biologists and natural resource managers are finding that a suite of
tools is needed to provide the best available science to increase the resolving power of that lens to inform
management and conservation actions. DNA analysis provides powerful insights for individual-species-sex ID
through noninvasive methods, defining what a “population” is, measuring gene flow among genetic units, testing
for landscape resistance and permeability, delineating units of conservation, evaluating and monitoring genetic
diversity, estimating effective population size (Ne), census size (Nc) and their ratio, examining historical demography,
tracking pathogen spread via microbial phylogenies in wildlife hosts, assessing genetic susceptibility to disease, and
more. Genetics has been there in the wildlife ecology toolbox for several decades now and is one of multiple vital
data layers often deemed necessary to make management decisions involving risk and limited funding. However,
with this increasingly complex and rapidly evolving field – how can applied wildlife researchers and natural resource
managers keep up and make the right genetic analysis choices to address pressing on-the-ground issues? Using
years of applied and basic wildlife genetics research, my own missteps and right steps along the way, and examples
ranging from mountain lions, black bears, bighorn sheep, raptors, sea otters and hummingbirds, I will provide 5 tips
and a decision-tree format to guide decisions involving if, why, when, and how to apply genetic methods to answer
burning questions in wildlife conservation and management.
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FRESHWATER ENVIRONMENTS AND AMPHIBIANS

THE YELLOWSTONE LAKE FOOD WEB AFTER TWO DECADES OF LAKE TROUT
(SALVELINUS NAMAYCUSH) REMOVAL
Katrina Cook1, Lusha Tronstad1 , and Todd Koel2 (katrina.a.woods18@gmail.com)
1
2

Wyoming Natural Diversity Database, University of Wyoming, Laramie, WY
Native Fish Conservation Program, Center for Resources, Yellowstone National Park, Wyoming

Yellowstone Lake has the largest remaining population of Yellowstone cutthroat trout (Oncorhynchus clarkii
bouvieri), but these fish have been reduced by an introduced predator, lake trout (Salvelinus namaycush).
Historically, cutthroat trout was the top predator in the lake, and the introduction of lake trout added a fourth
trophic level. The National Park Service started removing lake trout from Yellowstone Lake after their discovery in
1994 and these efforts have grown over time. Our goal is to evaluate the current structure of the Yellowstone Lake
food web after 20 years of lake trout removal. We will compare our results to a previous study that investigated the
zooplankton, algae and benthic invertebrates before and after (2004) lake trout were introduced. Zooplankton
biomass was intermediate between the pre- and post-lake trout measurements, with large zooplankton species
becoming more abundant and smaller species becoming less abundant. The body length of large zooplankton
species is currently longer than in the past, possibly indicating less predation. Current chlorophyll a concentrations,
an indicator of algal biomass, were similar to those measured in 2004. Cutthroat trout historically ate the amphipod,
Gammarus, which lives on the lake bottom. However, lake trout are now eating these invertebrates as their fish
prey decline. Therefore, both trout species are likely competing for Gammarus and we are investigating changes to
the amphipods throughout the lake. The food web configuration of lower trophic levels can provide insight about
the fish species living in the lake and the effects of management actions.

WYOMING DUCK BANDING: WHAT WE HAVE LEARNED AND WHAT’S TO COME
Nate Huck
Wyoming Game and Fish Department, Casper, WY (nathaniel.huck@wyo.gov)
There is a significant history of duck banding within the state of Wyoming. However, these banding efforts ended
in 2001. Due to the large time lapse in banding and the importance of banding data for the management of ducks
across the flyway and the country, an operational banding station was reinstated in Southeastern Wyoming (Goshen
County) in 2016. The objectives of the operational banding program include: estimation of harvest rates for
mallards, blue-winged teal, and northern pintails, harvest derivation of mallards, wood ducks, and blue-winged teal,
assessment of harvest on locally breeding mallards, assessment the changes in harvest distribution, and to
contribute to flyway-wide banding goals. In 2016, 1,011 ducks were banded, and during the 2016–17 hunting
season, 41 of the banded ducks were recovered including 29 mallards, nine blue-winged teal, and three wood ducks.
In 2017, 1,344 ducks were banded. Preliminary recovery information from the 2017–18 hunting season will also be
presented.
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MONITORING THE MOUNTAIN SEA DUCK (HARLEQUIN DUCK) IN WESTERN WYOMING: 2002-2017
Susan Patla1 and Lucas Savoy2
1
2

Wyoming Game & Fish Department, Jackson, WY
Biodiversity Research Institute, Portland, ME

(susan.patla@wyo.gov)

The Harlequin Duck (Histrionicus histrionicus) is one of Wyoming’s most unique and rare nesting avian species. A
designated species of conservation concern, it uses remote mountain streams for nesting in northwestern Wyoming
and winters in shallow intertidal zones along the Pacific Northwest coast. Ducks breeding in Wyoming represent the
farthest eastern and southern extension of the Pacific coast wintering population. Current threats to populations
overall include habitat loss and degradation, disturbance, overhunting and climate change. To monitor population
trend, Wyoming Game and Fish in 2002 initiated aerial helicopter surveys every 5 years in the pre-nesting season in
May. Additional brood surveys have been conducted on foot in specific drainages in August in some years. Survey
results indicate that the population has remained stable in key nesting areas with an estimated 70 nesting pairs.
However, some range contraction appears to be occurring and large annual variations in number of breeding pairs
have been documented. Wyoming, in partnership with biologists from Biodiversity Research Institute of Maine, is
participating in a region-wide satellite tracking study of inland nesting birds started by Environment Canada in 2016
to collect data on migration routes and timing, coastal molting and wintering sites, local movement patterns, and
survivorship. To date, four adult males have been implanted with satellite transmitters. Departure dates of male
adults from Wyoming ranged from June 18 to July 10. Ducks have migrated to molting and wintering sites north of
Seattle near Vancouver Island and the Salish Sea. While male activity in the breeding season is mostly concentrated
at nesting streams, it was discovered that males move every night to adjacent large lakes. Additional information
is needed on distribution, dispersal and survivorship, factors affecting productivity, and year round habitat use to
determine the best management strategies for maintaining a viable breeding population.

PERMETHRIN’S EFFECT ON NON-TARGET INVERTEBRATES IN SPRING CREEK, LARAMIE, WY
Sarah Wurzel1, Morgan Ford1, Delina Dority1, and Lusha Tronstad1
1

Wyoming Natural Diversity Database, University of Wyoming, Laramie, WY (swurzel@uwyo.edu)

Many local governments have mosquito control programs to prevent West Nile and Zika viruses throughout the
community. The pesticides administered in each city may not target mosquitoes exclusively. In Laramie, the
insecticide, Permethrin, is sprayed into the air using ultra-low volume foggers. Permethrin may settle into Spring
Creek where a variety of non-target aquatic invertebrates live. We sampled invertebrates with a Hess sampler and
drift nets at two sites along Spring Creek. We collected invertebrate drifting in the water before, immediately after,
and a day after spraying. We collected benthic invertebrates living on the bottom of the stream with the Hess
sampler twice before and twice after spraying began. Total density, biomass and richness of drifting invertebrates
increased in post-spray samples. Total density and biomass of benthic invertebrates decreased after spraying, and
spraying affected non-insect invertebrates more than insects. Determining the effects of mosquito pesticide on the
Spring Creek invertebrates will inform the city’s future mosquito control program and allow managers to make
informed decisions. A better understanding of pesticides’ effects enables us to protect people from West Nile and
Zika viruses while minimizing the effects on aquatic ecosystems.
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HABITAT USE AND BODY TEMPERATURE INFLUENCE BOREAL TOAD DISEASE RISK IN WESTERN WY
Gabe Barrile1, Anna D. Chalfoun2, and Annika Walters2
1

WY Cooperative Fish and Wildlife Research Unit, Dept of Zoology and Physiology, University of WY, Laramie, WY
(gbarrile@uwyo.edu)
2
US Geological Survey, WY Cooperative Fish and Wildlife Research Unit, Dept of Zoology and Physiology, University
of Wyoming, Laramie, WY
Emerging infectious diseases pose a significant threat to global biodiversity. Batrachochytrium dendrobatidis (Bd),
an emerging fungal pathogen primarily affecting amphibians, is of particular concern because it has caused severe
population declines and several extinctions in amphibian populations worldwide. Prior research has stressed the
importance of host body temperature and environmental conditions on Bd prevalence; however, it remains unclear
how host behavior (e.g., habitat use) influences body temperature, ultimately affecting Bd growth. To better
understand the link between amphibian behavior, host thermal biology, and disease risk, we examined the influence
of individual habitat use and body temperature on Bd infection rates in boreal toads (Anaxyrus boreas boreas). In
the summer months of 2015 and 2016, we used radio-telemetry to study the habitat use of adult boreal toads
(n=100) on the Bridger-Teton National Forest in western Wyoming. In a subset of toads (n=42), we recorded body
temperature during each tracking event and swabbed each individual for Bd on five separate occasions to develop
a disease history through time. Warmer body temperatures significantly decreased the probability of Bd infection,
particularly when body temperatures exceeded 25°C. Toads that used habitats with low shrub cover and high sedge
cover had significantly higher body temperatures and these habitats were associated with a lower probability of Bd
infection. We demonstrate that individual habitat use can influence disease risk, with strong support that body
temperature acts as the mechanism to lower infection probability. Identifying habitats that lower disease risk will
provide valuable information to several agencies working to improve management of boreal toad populations in
Wyoming. More broadly, by developing a better understanding of how habitat influences body temperature and
ultimately amphibian-Bd interactions, our results will help inform amphibian conservation worldwide.

MISC. WILDLIFE

AN OVERVEIW OF TEN YEARS OF WYOMING GAME AND FISH BAT SURVEY DATA
Laura Beard1, Becky Abel 2, Leah Yandow3, and Nichole Bjornlie1
1

Wyoming Game and Fish Department, Lander, WY (laura.beard@wyo.gov)
Idaho Department of Fish and Game, Pocatello, ID
3
Bureau of Land Management, Lander, WY
2

Wyoming Game and Fish has conducted statewide capture and acoustic surveys each summer starting in 2008. A
forest bat inventory was conducted from 2008-2011, followed by a cliff and canyon bat inventory from 2012-2015.
To fill in the geographic gaps left by previous surveys and to elucidate bat use of the largely private grassland and
shrub/steppe habitat in the eastern part of the state, a two year survey (2016-2017) was conducted in the area of
transition from eastern to western bat species, roughly the eastern 1/3 of the state. Each of these inventories has
helped managers gain a better understanding of the distribution of the 18 species of bat found in Wyoming.
Demographic and phonologic information, such as proportion of reproductive females and approximate fledging
dates, can be gleaned from the combined data set. Coupled with the information gained from long-term roost
monitoring, the results of these surveys highlight future research needs. In light of current expanding threats to bat
populations such as white-nose syndrome, there is increased urgency to understand basic ecological needs of bats.
A decade of surveys has only scratched the surface of the work to be done on these fascinating, important creatures.
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SUMMER DAY ROOST SELECTION OF NORTHERN LONG-EARED BAT (MYOTIS SEPTENTRIONALIS)
Ian Abernethy1 and Zach Wallace1
1

Wyoming Natural Diversity Database, University of Wyoming, Laramie, WY (fisher@uwyo.edu)

Bats are an important component of biodiversity and ecosystems worldwide but many bat species have undergone
large population declines and are faced with increasing risk of extinction. The Northern Long-eared Bat (NLEB; Myotis
septentrionalis) was listed as Threatened under the Endangered Species Act in 2015. The primary threat to the
species is white-nose syndrome (WNS), a fungal disease that has caused the mortality of millions of bats throughout
eastern North America. To date, WNS has not been documented in Wyoming but it is thought that the disease will
impact bats in the state in the future. Availability of suitable day roost structures is one of the key factors limiting
the distribution and local abundance of bats. Understanding day roost use and selection will be key in recovering
local bat populations following WNS infection. Basic knowledge of habitat use by NLEB in Wyoming is limited and
prior to this study, day roost use and selection had not been evaluated in the state. From 2015 to 2017, we fitted
NLEB with radio transmitters and tracked them to day roosts. Our objectives were to locate and characterize day
roost structures and to understand how local habitat and topographic variables influenced roost selection. We
accomplished this by comparing roost trees and surrounding habitat to randomly selected trees and surrounding
habitat. Results suggest that roost selection varied with sex and reproductive status. Male NLEB roosted in a variety
of roost structures. Pregnant female NLEB roosted in large, live ponderosa pine trees while lactating female NLEB
roosted in large ponderosa pine snags. These findings indicate complex patterns of selection when accounting for
all demographic segments of NLEB populations requiring forest managers to account for a breadth of forest habitat
components to maintain roosting habitat necessary to support viable populations of NLEB.

ACCURACY OF CALL-BACK SURVEYS AND AUTOMATED SOUND RECORDERS TO DETERMINE TERRITORY
OCCUPANCY RATES OF FOREST OWLS AND EFFICIENCY OF RECORDING ANALYSIS METHODS
Katherine Gura1, Carrie Ann Adams1, Allison Swan1, Nick Ciaravella1, Tim Griffith1, Susan Patla2, Steve Poole1, and
Bryan Bedrosian1
1
2

Teton Raptor Center, Wilson, WY (allison@tetonraptorcenter.org)
Wyoming Game and Fish Department, Jackson, WY

The typical protocol for monitoring forest owls involves nighttime play-back survey methodology, which entails
broadcasting a conspecific call during the courtship period to elicit a response from territorial breeding owls.
However, the effectiveness of play-back surveys is not well documented, and our previous survey data, specifically
on Great Gray Owls, suggest that they may not be adequate to assess territory occupancy. In 2016, we
simultaneously conducted play-back surveys and continuously recorded all sounds within 18 known Great Gray Owl
territories in western Wyoming to compare the two protocols as means to determine occupancy. We also
investigated several recording data analysis systems. After conducting two play-back surveys in a week in two
different weeks at each territory, we estimated that 40% of territories were unoccupied. In contrast, automated
recording units detected 100% occupancy rates during those same weeks in which we conducted surveys. We found
that manual analysis is the most precise, albeit labor-intensive, way to determine whether and when owls are calling.
However, classifiers created in Kaleidoscope Pro 4.0.a using a hidden Markov model to identify potential Great Gray
Owl territorial vocalizations may be the more effective method for determining Great Gray Owl occupancy. In the
eleven sites tested, manual analysis detected Great Gray Owls at all sites, and generally found more calls overall.
The Kaleidoscope classifier detected Great Gray Owls at all eleven of the sites as well, while significantly reducing
analysis time. Data indicate that, in comparison to using automated recording units, nighttime play-back surveys,
when conducted using current protocols with four visits to a territory in a courtship season, is not an effective
method for determining occupancy of nesting Great Gray Owls.
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TEMPORAL CHANGES IN SNOW AND TUNDRA USE BY AN ALPINE-OBLIGATE PASSERINE
Carl Brown1 and Anna Chalfoun2
1

Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology, University of
Wyoming, Laramie, WY (woodley.cb@gmail.com)
2
US Geological Survey Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology,
University of Wyoming, Laramie, WY
Living at the vanguard of elevational occupancy, alpine obligates are among the species potentially most threatened
by climate change. At the regional level, a response to increasing temperatures by upslope and poleward movements
could lead to a contraction or complete loss in available habitat. This will likely result in population declines and local
extirpations. We are investigating the temporal use of alpine habitat types by the Black Rosy-Finch (Leucosticte
atrata). This alpine breeding obligate is Wyoming’s highest nesting songbird, and one of the least studied species in
North America. It is designated a Species of Greatest Conservation Need NSSU (Tier II) in Wyoming, reflecting the
lack of key information on the species’ status and threats. Breeding season surveys were conducted within six
mountain ranges, with two additional, and two repeated ranges conducted in 2017. Each transect was surveyed
three times between June and September to document temporal changes in density, habitat use and the role of
snow-edge use. Preliminary data suggests the edge of retreating snowfields as preferred early breeding season
foraging habitat, transitioning away from snow-edge onto tundra interior as chicks fledge. Bird densities in relation
to nesting cliffs, climate threatened alpine habitat, tree line and thermal loading will also be discussed. The results
from this study will provide insight on key habitats at multiple spatial scales and locations and protocols for longterm Black Rosy-Finch monitoring efforts. More broadly, our study will contribute to assessments of habitat
requirements of alpine wildlife and the potential effects of climate change.

BEHAVIORAL PLASTICITY BUFFERS TEMPERATURE CONSTRAINTS ON FORAGING TIME
FOR A MONTANE MAMMAL
L. Embere Hall1 and Anna D. Chalfoun2
1

Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology, University of
Wyoming, Laramie, WY (emberehall@gmail.com)
2
U.S. Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and
Physiology, University of Wyoming, Laramie, WY
Contemporary climate change is altering temperature profiles across the globe. Increasing temperatures can reduce
the amount of time during which conditions are suitable for animals to engage in essential activities, such as securing
food. Behavioral plasticity, the ability to alter behavior in response to the environment, may provide animals with a
tool to adjust to changes in the availability of suitable thermal conditions. The extent to which individuals can alter
fitness-enhancing behaviors, such as food collection, to proximately buffer temperature variation, however, remains
unclear. Even less well understood are the potential performance advantages of flexible strategies among
endotherms. We examined the degree to which individuals altered rates of food collection in response to
temperature, and the corresponding nutritional benefits, using the American pika (Ochotona princeps), a
temperature-sensitive, food-hoarding mammal, as model species. From July – Sept, 2013-2015, we used motionactivated cameras and in situ temperature loggers to examine pika food-caching activity for 72 individuals across 10
sites in western Wyoming. We quantified % nitrogen by cache volume as a metric of cache quality. We found a strong
negative effect of temperature on the rate at which pikas cached food. Individual responses to temperature varied
substantially in both the level of food-collecting activity and in the degree to which individuals shifted activity with
warming temperature. After accounting for available foraging time, individuals that exhibited greater plasticity
collected a significantly higher amount of nitrogen by cache volume. By varying food-collection norms of reaction,
individuals were able to plastically respond to temperature-driven reductions in foraging time and, through this
increased flexibility, simultaneously amass a higher-quality overwinter food resource. Our results show that, given
sufficient resource availability, plasticity in foraging activity may help temperature-limited endotherms to adjust to
climate-related constraints on foraging time.
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POPULATION GENOMICS OF SELASPHORUS HUMMINGBIRDS IN CALIFORNIA AND WYOMING
Brady Godwin1,2 and Holly Ernest1,2
1

Wildlife Genomics and Disease Ecology Lab, Department of Veterinary Sciences, University of Wyoming, Laramie,
WY (bgodwin@uwyo.edu)
2
Program in Ecology, University of Wyoming, Laramie, WY
Hummingbird populations are tied closely with nectar resource availability, their main source of energy. In one study
system, the resident Allen’s Hummingbird subspecies Selasphorus sasin sedentarius has expanded its range in
southern California in recent decades, in part due to anthropogenic resources such as feeders and gardens. Range
expansion can lead to reduced genetic diversity towards the new range edge because of repeated founder effects.
Genomic consequences of range expansion and new potential hybridization in this expanding population have not
been studied. Preliminary results indicate that the S. s. sedentarius is genetically distinct from the other subspecies,
and that there may be hybridization between the subspecies in the new range. In a second study system in the Rocky
Mountains, the Broad-tailed Hummingbird S. platycercus faces a different situation, where they are at risk of habitat
and resource declines due to climate change. Dispersal and gene flow between high-elevation breeding grounds may
help them adapt to these changes in the future, but they are believed to be highly philopatric and thus could
experience declines in genetic diversity and population abundances. I am using population genomic parameters of
these two congeneric species in order to better assess conservation concerns and increase our knowledge of
hummingbird ecology.

SPECIES DISTRIBUTION MODELS OF THE WESTERN BUMBLE BEE, BOMBUS OCCIDENTALIS, IN
WYOMING USING HISTORIC & CURRENT DATA
Christine Bell1, Michael Dillon1, and Lusha Tronstad2
1
2

Department of Zoology and Physiology, University of Wyoming, Laramie, WY (cbell@uwyo.edu)
Wyoming Natural Diversity Database, University of Wyoming, Laramie, WY

The Western Bumble Bee (Bombus occidentalis) was once a common bee in the western United States; however,
over the last 20 years, this species has drastically declined across its range. The Western Bumble Bee was petitioned
for listing under the Endangered Species Act and received a positive 90-day finding. Several studies documented this
declining Western Bumble Bee populations in California, Oregon, and Washington, however, few studies sampled in
Wyoming. We expect to find Western Bumble Bees throughout our state because much of Wyoming contains habitat
likely suitable for this species. Our objective is to investigate the current range of Western Bumble Bees in Wyoming
by revisiting historic sites and sampling sites that vary in elevation and land cover to create a species distribution
model. Specifically, we will address three questions: 1) Is the Western Bumble Bee present in predicted suitable
habitats in Wyoming? 2) Do landscape characteristics (e.g. elevation, land cover, temperature, precipitation) predict
Western Bumble Bee distributions in Wyoming? and 3) Are Western Bumble Bees still present at historical collection
locations? We produced a predictive species distribution model with historic locations and validated the model using
data we collected. A model using historic data predicted the bee would occur in areas with high snowpack, high
herbaceous cover, higher seasonal heat accumulation, and low forest canopy density. During summer 2017, we
found the Western Bumble Bee at 21% of all locations sampled around western Wyoming, and at 42% of historic
locations. Our data will be shared with the U.S. Fish and Wildlife Service and land managers to provide information
on the current distribution and abundance of this bee in Wyoming.
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WEDNESDAY, DECEMBER 6th
SAGEBRUSH ECOSYSTEM AND SAGE-GROUSE
FACTORS DRIVING GREATER SAGE-GROUSE TRENDS IN THE EASTERN PORTION OF THEIR RANGE:
ANTHROPOGENIC, FIRE, HABITAT, HUNTING, RAVENS, AND WEATHER
Jonathan B. Dinkins1,2 , Jeffrey L. Beck2, and Kirstie J. Lawson2
1
2

Dept of Animal and Rangeland Sciences, Oregon State Univ., Corvallis, OR (jonathan.dinkins@oregonstate.edu)
Department of Ecosystem Science and Management, University of Wyoming, Laramie, WY

Degradation of sagebrush (Artemisia spp.) habitat has occurred throughout the range of Greater Sage-Grouse
(Centrocercus urophasianus; hereafter “sage-grouse”). Areas with greater loss of sagebrush habitat are avoided by
sage-grouse and are congruent with lower demographic rates and lek extirpation. Common raven (Corvus corax;
hereafter “raven”) abundance has increased, and sage-grouse lek counts were greater at leks where Wildlife Services
reduced the number of ravens compared to reference leks in Wyoming. Research indicates population growth rates
of sage-grouse were lower under liberal hunting seasons but responses to conservative hunting seasons were
variable. We simultaneously evaluated the relative importance of habitat and potential predation with numerous
anthropogenic, fire, habitat, hunting regulations, raven numbers, and weather factors on lek trends of sage-grouse
populations in the Powder River and Wyoming Basins from 1995–2014. Instantaneous growth rate (r) was positively
associated with precipitation and negatively with hunting season length in the Powder River Basin population, and r
was positively associated with precipitation but negatively with raven numbers for the Wyoming Basin population.
Oil and gas well density was negatively associated with initial lek counts (Λ) and time-varying carrying capacity (K)
for both populations. In addition, the Powder River Basin population had a negative association of human density
with K, and the Wyoming Basin population had negative associations with tree proportion and major road density
on Λ and major road density and fire, tree, and cropland proportions on K. Our results expand knowledge on how
spatiotemporal factors related to Λ, r, and K influence sage-grouse populations. However, we could not discern
whether longer hunting seasons in the Powder River Basin were associated with lower r or collinear with general
trend or another factor (e.g., West Nile virus could also explain lower r rather than hunting), because spatial
variability in hunting exposure could not be designated.

GREATER SAGE-GROUSE POPULATION VIABILITY ANALYSES ACROSS CORE AND MANAGEMENT AREAS
David R. Edmunds1,2, Cameron L. Aldridge1,2, Michael S. O’Donnell2, and Adrian P. Monroe1,2
1
2

Natural Resource Ecology Laboratory, CO State University, Fort Collins, CO (Dave.Edmunds@rams.colostate.edu)
U.S. Geological Survey, Fort Collins Science Centre, Fort Collins, CO

The scale at which analyses are performed can have an influence on model outcome. Often one scale does not
accurately describe the ecological phenomena of interest for wide-ranging species (e.g., population trends); and yet,
ecological studies frequently are performed at a single, arbitrary scale. To best determine local and regional trends
for Wyoming Greater Sage-Grouse (Centrocercus urophasianus), we modeled density–independent and –dependent
population growth across multiple spatial scales (WY Core Population Areas [Core Areas], WY Game and Fish
Department local Working Groups, Core Area status by Working Groups, and individual Core Areas by Working
Groups). Goal was to determine the influence of fine-scale population trends (Core Areas) on large-scale populations
(Working Group Areas) and determine trends within management-relevant population boundaries. We modeled the
natural log of change in population size (average peak male lek counts) to calculate the finite rate of population
growth (λ) for each population of interest (1993–2015). When Core Area status (Core Area vs. Non-Core Area) was
investigated within Working Group Areas, the two populations trended similarly and agreed with the overall trend
of the Working Group Area. However, at the finer scale where Core Areas were analyzed individually, Core Areas
within the same Working Group Area often trended differently and a few large Core Areas drove the overall trend.
We show that relatively close fine-scale populations can trend differently, indicating that large-scale trends can mask
what is actually occurring across the landscape. Our approach of monitoring populations at different spatial scales
will allow managers to focus efforts on small-scale populations (Core Areas located within specific Working Group
Areas) that are doing the poorest and driving the larger scale population trends downward. A spatially-targeted
approach alleviates unnecessary actions to large areas to maximize efficiency of management efforts.
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IDENTIFYING WINTER CONCENTRATION AREAS FOR SAGE-GROUSE IN WYOMING
Kurt T. Smith1, Jeffrey L. Beck1, and Jonathan B. Dinkins1,2,
1

Department of Ecosystem Science and Management, College of Agriculture and Natural Resources, University of
Wyoming, Laramie, WY (ksmith94@uwyo.edu)
2
Department of Animal and Rangeland Sciences, Oregon State University, Corvallis, OR
Availability and use of winter habitat by Greater Sage-Grouse (Centrocercus urophasianus) has the potential to
influence viability of sage-grouse populations and should receive considerable attention when prioritizing areas for
sage-grouse habitat conservation. The Wyoming Sage-grouse Executive Order outlines the need to identify Winter
Concentration Areas (WCAs), defined as winter habitats where sage-grouse consistently aggregate in groups of 50
or more individuals. Unfortunately, documentation of WCAs lags behind our knowledge of sage-grouse winter
habitat requirements and space use during other critical periods. Our study was designed to detect locations of
unknown WCAs while assessing abundance and resource selection to refine our understanding of winter habitats
and critical use areas for sage-grouse. We used aerial infrared videography in winter 2017 to identify potential WCAs
in south-central and southwest Wyoming to evaluate abundance and winter habitat selection as influenced by
biological attributes, environmental, and anthropogenic features across the region. We located 110 sage-grouse
flocks comprising 4,908 individuals (mean: 45, range: 2–895). Predicting WCAs was difficult using count-based
abundance models as abundance was generally unrelated to habitats used by sage-grouse flocks. However, habitat
selection modelling produced predictive models that validated well with independent datasets. Selection of high
quality habitats generally occurred irrespective of flock size, but individuals in larger flocks selected the best winter
habitats across the study area. Areas of predicted high quality habitats overlapped well with identified
concentrations of wintering sage-grouse and may be used to focus efforts to identify additional areas with persistent
occurrence of sage-grouse during winter.

HOW LOUD IS TOO LOUD?
INFLUENCE OF ANTHROPOGENIC SOUNDS ON GREATER SAGE-GROUSE LEK ATTENDANCE
Skip Ambrose1, Holly Copeland2, Christine A. Florian1, and Gail Patricelli3
1

Sandhill Company, Castle Valley, UT
The Nature Conservancy, Lander, WY (hcopeland@tnc.org)
3
Department of Ecology and Evolution, University of California, Davis, CA
2

Noise from human activities is nearly ubiquitous and there is growing evidence that it may have significant impacts
on wildlife, including Greater Sage-Grouse, a species of significant conservation concern. There are many aspects of
human disturbance that are related to these declines, including, habitat loss, degradation, and fragmentation
resulting from human activity, but the specific contribution of noise to these declines and threshold levels of impact
from noise remains poorly understood. Such information is needed to craft more effective management strategies
and best practices to reduce impacts where development occurs. In this study, we used data from an area of
intensive natural gas development to test the hypothesis that a threshold sound level exists above which sage-grouse
lek attendance declines and to examine the relative importance of different measures of disturbance, including
sound, on lek attendance. We found that negative impacts begin to occur at levels greater than median sound levels
(L50) of 25 dBA and using structural equation modelling, we found evidence for a direct effect of anthropogenic
sounds as a causal mechanism for declines in sage-grouse lek counts. Our findings have important and direct
implications for sage-grouse management and conservation and highlight the need for greater consideration of
anthropogenic sounds when managing human activities in areas inhabited by sage-grouse and other sensitive
species.

10

SHORT-TERM DEMOGRAPHIC RESPONSE OF GREATER SAGE-GROUSE TO HABITAT TREATMENTS
Jason R. LeVan1, Kurt T. Smith1, and Jeffrey L. Beck1
1

University of Wyoming, Department of Ecosystem Science and Management, Laramie, WY (jlevan@uwyo.edu)

Loss and fragmentation of sagebrush (Artemisia spp.) habitats have triggered declines in Greater Sage-Grouse
(Centrocercus urophasianus) populations over the past several decades leading to unparalleled conservation efforts.
Sagebrush treatments pre-1990s were used to increase livestock forage, but are now applied by wildlife managers
to potentially enhance habitat quality for sage-grouse and other species. Reducing sagebrush cover may release
herbaceous understory from shrub competition, thus providing important food and cover resources for nesting and
brood-rearing sage-grouse. Some studies have examined sage-grouse use of treated areas; however, use alone may
be a misleading indicator of treatment success as habitat quality is a function of use and an individual’s ability to
survive and reproduce. Research examining sage-grouse demographic response to treated areas is sparse, but is
necessary to assess the effectiveness of sagebrush habitat treatments for sage-grouse. Our objective was to evaluate
demographic response of sage-grouse to mowing and tebuthiuron (Spike® 20P) treatments in Wyoming big
sagebrush (A. tridentata wyomingensis). Our before-after-control-impact study in central Wyoming, USA included 2
untreated control (17 and 61 km2), 2 mowed (34 and 50 km2), and 2 tebuthiuron (25 and 45 km2) study areas. We
collected pre-treatment (2011–2013) and post-treatment (2014−2016) nest, brood, and adult female survival data
from 444 radio-marked female grouse. In 2014, we implemented mowing and aerial-broadcast tebuthiuron
treatments totaling 4.9 and 6.1 km2, respectively. Treatment prescriptions followed Wyoming Game and Fish
Department guidelines for sage-grouse core areas. We found no differences in nest survival between mowed and
tebuthiuron treatments or between treatment and control study areas. Brood and adult female survival were not
influenced by distance to mowed or tebuthiuron treatment study areas. Our results suggest that mowing and
tebuthiuron treatments may not provide short-term uplift to sage-grouse populations in Wyoming big sagebrush
habitats.

POTENTIAL RESTORATIVE BENEFITS OF TREE REMOVAL AND SAGEBRUSH RESTORATION
FOR GUNNISON SAGE-GROUSE
Jacob D. Hennig1, Kevin E. Doherty2, Jeffrey L. Beck1, Jonathan B. Dinkins1, Kathleen A. Griffin3, Avery A. Cook4, Jeremy
D. Maestas5, and David E. Naugle6
1

Department of Ecosystem Science and Management, University of Wyoming, Laramie, WY (jhennig1@uwyo.edu)
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3
Colorado Parks and Wildlife, Grand Junction, CO
4
Utah Division of Wildlife Resources, Salt Lake City, UT
5
USDA National Resources Conservation Service, Redmond, OR
6
Department, College of Forestry and Conservation, University of Montana, Missoula, MT
2

The Gunnison Sage-Grouse (Centrocercus minimus) is a federally-threatened sagebrush (Artemisia spp.) obligate
species with a limited range in Colorado and Utah. Threats to recovery of this species include conifer expansion into
sagebrush and additional losses and degradation of sagebrush habitat attributed to human development and
agricultural conversion. To assess threats on Gunnison Sage-Grouse lek presence, we developed a spatially-explicit
breeding habitat model to compare active lek locations with random pseudo-absence points from 2005–2015.
Models identified land cover, climatic, and abiotic variables at landscape-level scales (0.56-km and 4-km) most
important for predicting breeding habitat. Our model correctly differentiated between lek and pseudo-absence
locations 94% of the time. All but one of the active leks (n = 94) was located in areas with >0.65 probability of lek
occurrence. Using this probability value as a threshold, we predicted 15% of grouse range as high-quality breeding
habitat. Simulated removal of trees in areas with ≤30% tree canopy cover (0.56-km scale) increased extent of high
quality habitat by 59%. Hypothetical restoration of sagebrush cover in the same areas increased habitat quality an
additional 11%. Our breeding habitat model indicated that targeted tree removal and sagebrush restoration may
have potential to improve Gunnison Sage-Grouse breeding habitat. Our habitat treatment scenarios were not meant
to be prescriptive; however, they highlight that considerable uplift in Gunnison Sage-Grouse breeding habitat may
be possible across much of its range with cooperation from multiple stakeholders.
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GRASSLAND & SAGEBRUSH ENVIRONMENTS:
SMALL MAMMALS, RAPTORS, AND SPECIES INTERACTIONS
SPATIALLY EXPLICIT LANDSCAPE-SCALE RISK ASSESSMENTS FOR GOLDEN EAGLES
IN THE WESTERN UNITED STATES
Geoffrey Bedrosian1, Jason D. Carlisle2, Zach P. Wallace3, and Bryan Bedrosian4
1

U.S. Fish & Wildlife Service, Denver Federal Center, Denver, CO (geoffrey_bedrosian@fws.gov)
Western EcoSystems Technology, Inc., Laramie, WY
3
Wyoming Natural Diversity Database, Laramie, WY
4
Teton Raptor Center, Wilson, WY
2

Vulnerability of Golden Eagles (Aquila chrysaetos) to collision with wind turbine blades, combined with legal
protection under the Bald and Golden Eagle Protection Act, has stimulated much research into mortality risk and
mitigation strategies for this species. Comprehensive conservation planning for this species, however, is lacking.
The U.S. Fish and Wildlife Service established the Western Golden Eagle Team (WGET) to develop landscape-scale
conservation strategies to support management of Golden Eagles in the western U.S. We conducted spatially explicit
risk assessments for hazards known to influence Golden Eagle populations, including wind energy potential, oil and
gas development, and wildfire. Golden Eagle exposure was determined using models of Golden Eagle seasonal
habitat use (breeding and winter) developed by WGET for six modeling regions that included portions of 16 states
(~ 1.86 million km2). The likelihood of occurrence for a hazard was determined using previously published and
publically available spatial data. We calculated risk as the product of exposure and hazard probabilities at the scale
of Commission for Environmental Cooperation Level III Ecoregions. Within each ecoregion, we binned values for
Golden Eagle habitat use and hazard probability in order to quantify and rank areas of relative risk. At ecoregional
scales, risk to Golden Eagles was greatest for wind energy development in the Wyoming Basin, oil and gas
development in the Northwestern Great Plains, and wildfire in the Northern Great Basin. Within-ecoregion
assessments indicated that risk was unevenly distributed and areas of higher risk could be readily distinguished from
the surrounding landscape. The resulting spatial datasets can be used to quantify risk in areas of interest (e.g.,
federal-owned lands) and prioritize areas for conservation actions.

QUANTIFYING EAGLE VEHICLE STRIKE RISK IN THE WEST: HOW DOES WYOMING FIT IN?
Steve Slater and Dustin Maloney
HawkWatch International, Inc., Salt Lake City, UT (sslater@hawkwatch.org)
Roads represent a danger for both Bald Eagles (Haliaeetus leucocephalus) and Golden Eagles (Aquila chrysaetos) in
the western U.S., primarily in relation to foraging on road-killed wildlife. Vehicle strike risk for eagles is generally
greater during fall and winter months, when eagles move off breeding areas, live prey is less available and big game
species move to lower elevations. We conducted the first year of a planned 4-year study of eagle activity and
mortality along roadways in central Utah and southeastern Oregon from 15 September 2016–13 February 2017. We
performed repeated driving surveys to record carcasses and live eagles, walking and dog surveys of right-of-ways to
detect additional carcasses, and placed camera traps on carcasses to quantify eagle use patterns. Three eagle
mortalities were found during approximately 7,500 and 3,000 driving survey miles in Oregon and Utah, respectively,
but walking and dog surveys of <5% of the combined study areas produced an additional 4 recent eagle carcasses.
We found over 2.6 times as many mammal carcasses per road mile in Utah, likely responsible for the higher
abundance of both live and dead eagles there. Considering both study areas, driving surveys recorded a relatively
even mix of eagle species (54.0% Golden Eagle; 43.9% Bald Eagle) and documented 65 eagle-carcass associations
(1.6 eagles/carcass) and 830 available carcasses. Camera traps placed opportunistically on roadside carcasses
captured eagles at 29.1% of sites and gathered over 6,500 eagle pictures. This data will provide invaluable insight
into eagle reactions to vehicles under varying conditions. In November 2017, we began our second year of fieldwork,
and expanded our research efforts into Wyoming in partnership with TNC and the Teton Raptor Center. We will
present on current efforts underway, expected future work, anticipated products, and opportunities for you to help
inform and execute this project.
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GOLDEN EAGLES AND ROADS IN WYOMING: MAPPING THE LANDSCAPE OF RISK
Corinna Riginos1, Bryan Bedrosian2, and Holly Copeland1
1
2

The Nature Conservancy, Lander, WY (corinna.riginos@tnc.org)
Teton Raptor Center, Wilson, WY

Wyoming is home to a significant population of Golden eagles (Aquila chrysaetos). Vehicle strikes are thought to be
one of the biggest sources of eagle mortality across the United States and in Wyoming; however, little is known
about where, when, or how often eagle-vehicle strikes occur. Eagles are typically hit by vehicles as they are feeding
upon carcasses of other animals, largely mammals, that have been killed by vehicles. Programs to remove large
mammal carcasses from roads have been proposed as a way to reduce eagle fatalities on roads, particularly for offsite mitigation of eagle “takes” due to collisions between eagles and wind turbines. Optimizing such initiatives
requires an understanding of where and when eagles are most likely to be hit by vehicles. We mapped the landscape
of risk of vehicle strikes to Golden eagles in Wyoming by combining spatio-temporal analyses of eagle habitat-use
and ungulate-vehicle collisions. Eagle habitat-use data were derived from relative habitat suitability models based
on eagle nest locationss, resource selection function models of hatch-year and sub-adult eagles, and Brownian
bridge movement models of migratory eagles. Ungulate-vehicle collision data were derived from Wyoming
Department of Transportation records of carcasses and reported collisions. For every mile of Wyoming’s highway
network and every month of the calendar year, we calculated risk of eagle-vehicle strike as a function of ungulatevehicle collisions in that mile-month combination over the past 5 years and eagle habitat use in a surrounding 5 mi
radius. This analysis of eagle-vehicle strike risk over both space and time of year can guide decisions about when and
where mammal carcass removals are most likely to benefit Golden eagles and be most suitable as a mitigation for
other sources of eagle fatality.

SAGE THRASHERS RAISE THE ROOF: DOES AN AUGMENTED NEST STRUCTURE CONCEAL THE NEST
FROM PREDATORS, OR IMPROVE ITS MICROCLIMATE?
Jason D. Carlisle1,2,3,4, L. Embere Hall2,3,4, Anna D. Chalfoun3,4,5, Kayla J. Carr3, and Lindsey E. Sanders2,3
1

Western EcoSystems Technology, Inc., Laramie, WY (jcarlisle@west-inc.com)
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3
Department of Zoology and Physiology, University of Wyoming, Laramie, WY
4
Program in Ecology, University of Wyoming, Laramie, WY
5
U.S. Geological Survey Wyoming Cooperative Fish and Wildlife Research Unit, University of Wyoming, Laramie, WY
2

Birds have evolved a variety of nest architectures to safely rear young in the presence of predators and adverse
environmental conditions. Specifically, the placement and configuration of a nest can be used to shed water, reduce
solar insolation and enhance survival. Little is known however, about the extent to which variation in individual nest
modifications can improve nest-site conditions. Sage Thrashers (Oreoscoptes montanus), a Wyoming Species of
Greatest Conservation Need, are a sagebrush-obligate songbird, nesting almost exclusively in sagebrush shrubs.
Sage Thrashers employ facultative nest-roof building, a unique and poorly understood nest architecture where some
nests are covered by a roof (i.e., a loose canopy of twigs, detached from the nest cup). Although anecdotes of Sage
Thrasher roofs date back to 1875, we provide the first systematic description of the prevalence and potential
function of roofs based on observations of 248 Sage Thrasher nests near Sweetwater Station, Wyoming. Almost
two-thirds of nests had roofs, composed of one to several hundred twigs. Roofed nests were built in similar shrubs
as unroofed nests, but tended to have higher concealment, marginally higher rates of survival, and were initiated
later in the season. We conducted a follow-up experiment near Pinedale, Wyoming to test whether nest roofs
altered the concealment, temperature, and survival of 59 nests in a before-after-control-impact design, removing
roof materials from roofed nests halfway through the study. Nest roofs lowered the temperature of the nest by
~1°C, potentially making the nest microclimate more favorable for the development of eggs and nestlings and/or
reducing the energetic demands on adults incubating or brooding young. Roofs also provided additional nest
concealment, though roofs did not influence the probability of nest survival. Our research provides a unique
assessment of the extent to which animals can simultaneously buffer both predation and thermoregulatory risk
through strategic nest-site modifications.
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EVALUATING THE DISTRIBUTION AND HABITAT ASSOCIATIONS OF JUNIPER-ASSOCIATED BIRD
AND MAMMAL SPECIES OF SOUTHWESTERN WYOMING
Anika Mahoney1, Leah Yandow2, Nichole Bjornlie1, and Andrea Orabona1
1
2

Non-Game Program, Wyoming Game and Fish Department, Lander, WY (anika.mahoney@wyo.gov)
Lander Field Office, Bureau of Land Management, Lander, WY

Due to the sampling challenges inherent in assessing rare or geographically isolated species, the distributions and
habitat associations of many species of wildlife within the state of Wyoming are poorly understood. The rocky juniper
woodlands of southwestern Wyoming support a diverse array of wildlife, and represent the northwestern boundary
for a community of infrequently studied birds and mammals. Given their rarity, limited distribution, and value to
biodiversity within Wyoming, these species are designated as Species of Greatest Conservation Need (SGCN) by the
Wyoming Game and Fish Department.
In 2016 and 2017, we conducted surveys for 11 bird and mammal SGCN in the Utah juniper woodlands of Sweetwater
County, Wyoming. Surveys included breeding bird point counts at 50 sites, small mammal trapping at 46 sites, and
trail cameras baited for meso-carnivores at 18 sites. Surveyors detected 10 of the 11 focal species, as well as an
additional 9 bird SGCN associated with xeric forests and shrublands. Findings of species’ distributions, diversity,
habitat associations, and potential implications for the management of juniper woodlands from these on-going
analyses will be discussed.

A CROSS-SCALE APPROACH TO UNDERSTAND DROUGHT-INDUCED VARIABILITY
IN SAGEBRUSH ECOSYSTEM PRODUCTIVITY
Timothy J. Assal1, Patrick J. Anderson1, Jill Randall2, and Karen Clause3
1

U.S. Geological Survey, Fort Collins Science Center, Fort Collins, CO (assalt@usgs.gov)
Wyoming Game and Fish Department, Pinedale, WY
3
Natural Resources Conservation Service, Pinedale, WY
2

Mortality of sagebrush (Artemisia spp.), perennial grasses, and other shrubs was recently documented in the
sagebrush steppe of the Upper Green River Basin in Wyoming. Numerous causes have been suggested, but recent
drought (2012-13) is the likely mechanism of mortality in this water-limited ecosystem that provides critical habitat
for many species of wildlife. An understanding of the variability in patterns of productivity with respect to climate is
essential to exploit landscape scale remote sensing for detection of subtle changes associated with mortality in this
sparsely vegetated ecosystem. We used Moderate Resolution Imaging Spectroradiometer (MODIS) satellite imagery
(250-m resolution) to characterize growing season productivity at the landscape scale. We calculated per-pixel
monthly productivity anomalies from a 17-year period (2000-2016) to identify the spatial and temporal variability
associated with drought and recovery cycles. Metrics derived from a 32-year Landsat data set (30-m resolution) were
used to further investigate trends within anomalous areas at local scales. The results indicate drought effects were
inconsistent over space and time. MODIS derived productivity deviated by more than four standard deviations in
heavily impacted areas, but was well within the interannual variability in other areas. Growing season anomalies
highlighted dramatic declines in productivity during the 2012 and 2013 growing seasons. However, large negative
anomalies persisted in other areas during the 2014 growing season, indicating lag effects of drought. These trends
were reflected at local scales. Our analysis identified spatially explicit patterns of ecosystem properties altered by
severe drought, which are consistent with field observations of mortality. Local areas that exhibited a strong negative
deviation from the long-term trend between 2012-2014 rebounded strongly in 2015-2016. The results provide a
theoretical framework for future field based investigation at multiple spatiotemporal scales and we are investigating
if the reduction in productivity is mediated by local biophysical properties.
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DRIVERS OF WHITE-TAILED PRAIRIE DOG OCCUPANCY IN WYOMING
Joseph Ceradini1, Doug Keinath2*, Ian Abernethy1, and Mark Anderson1
1
2

Wyoming Natural Diversity Database, University of Wyoming, Laramie, WY
U. S. Fish & Wildlife Service, Wyoming Ecological Services Field Office, Cheyenne, WY (douglas_keinath@fws.gov)

A survey of white-tailed prairie dog (WTPD; Cynomys leucurus) occupancy in Wyoming was conducted in 2016 using
a random, spatially balanced sample of sites across Wyoming that were stratified into public, private, checkerboard
and tribal lands. A total of 440 sites were surveyed (62.5% public, 18.2% private, 12.5% checkerboard, 6.8% Wind
River Indian Reservation). The sites were surveyed on the ground (n = 244), aerially (n = 100) and both on the ground
and aerially (n = 96). A suite of habitat, climate, slope and elevation, oil and gas, and anthropogenic disturbance
predictors were included in order to determine the best predictors of WTPD occupancy, assess the effect of oil and
gas development on occupancy, and assess the effect of land ownership after controlling for other important drivers
of occupancy. The best predictors of detection probability were survey method (ground vs. air), Julian date,
temperature and standard deviation of slope. The top occupancy probability model included a positive effect of a
bare ground index and a negative but insignificant effect of mean slope on WTPD occupancy. The top oil and gas
predictor did not have an effect on WTPD occupancy. WTPD occupancy in the private and checkerboard strata were
higher than the public stratum. Based on the top model, an estimated 74,265 (95% CI = 50,701, 104,889) of the
352,561 sites available for sampling were occupied, equating to an overall occupancy rate of 21.1% (95% CI = 14.4,
29.8%), across all strata in Wyoming. This study has established a baseline occupancy rate for WTPD in Wyoming,
which will be an essential guide for understanding long-term population trends.

BREEDING MOUNTAIN PLOVER RELIANCE ON BLACK-TAILED PRAIRIE DOG DISTURBANCE
IN THUNDER BASIN NATIONAL GRASSLAND
Courtney Duchardt1, Jeffrey Beck2, and David Augustine3
1

Program in Ecology, University of Wyoming, Laramie, WY (cduchard@uwyo.edu)
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3
Rangeland Resources Research Unit, USDA-ARS, Fort Collins, CO
2

Black-tailed prairie dogs are “ecosystem engineers”, grazing and clipping vegetation to maintain the short, sparse
habitat structure required by a suite of bird and mammalian species in the Great Plains of North America. One such
species is the Mountain Plover (Charadrius montanus), a shortgrass-associated bird in decline throughout its range.
Although mountain plovers will use many different habitats if adequate bare ground is available (e.g., recent burns,
early-season croplands, or low productivity/high elevation sites), along the wetter eastern edge of its range it is at
least partially restricted to prairie dog colonies. This appears to be the case in the Thunder Basin National Grassland
(TBNG), which sits on the ecotone between the mixed-grass prairie of the Great Plains and the sagebrush steppe.
Currently, TBNG contains some of the largest prairie dog colonies in North America, providing a unique opportunity
to examine how plovers respond to the size, shape and vegetation cover within colonies. We examined presence,
densities, nest-site use and nest success of mountain plovers across a range of colony sizes in Thunder Basin National
Grassland during 2015-2017. Observations of plovers were restricted to black-tailed prairie dog (Cynomys
ludovicianus) habitat, confirming their almost complete reliance on prairie dogs in this system. The abundance and
distribution of plover nests varied substantially across all prairie dog colony sizes and ages, but plovers did not
preferentially nest in very large colonies. This information is especially pertinent given the grassland must also
provide undisturbed sagebrush for species like the Greater Sage-Grouse (Centrocercus urophasianus), and adequate
forage for livestock grazing. Preliminary analyses indicate that “moderate” colony sizes may provide the best balance
of land use for balancing mountain plover conservation and livestock production in this area.
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IT’S A TRAP: APPROACHES FOR DETECTING RARE SMALL MAMMALS
1

Kristina Harkins , Merav Ben-David1, and Doug Keinath2
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2

Department of Zoology and Physiology, University of Wyoming, Laramie, WY (kharkin1@uwyo.edu)
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Many species of small mammals are considered rare largely because they are difficult to detect on the landscape.
Such species will therefore require specific survey methods to optimize their detection. Most studies of small
mammals follow a similar protocol that includes trapping a relatively small area with Sherman live traps and using a
peanut-butter-oat mix for bait. As part of a larger study focused on delineation of the distribution of rare pocket
mice (Perognathus spp.) across Wyoming, we tested a new protocol designed to maximize the capture success of
these small mammals. We also determined trap and bait preferences of different species. We used three trap types:
Sherman, Havahart, and Longworth set at 25m intervals along four transects of 20 stations each. We baited each
station with one of three different bait types in an alternate fashion: peanut butter and oat mix, three-way horse
feed with molasses, and roasted bird seed. We found that overall selection was highest for Havaharts baited with
either peanut butter or bird seed, while Shermans baited with horse feed were avoided by all species. Havaharts
were the preferred trap for the species that had the highest capture rates including deer mice (Perognathus
maniculatus), Ord’s kangaroo rats (Dipodomys ordii), harvest mice (Reithrodontomys spp.), olive-backed pocket mice
(Perognathus fasciatus), voles (Microtus spp. and Lemmiscus curtatus), least chipmunks (Tamias minimus), thirteenlined ground squirrels (Ictidomys tridecemlineatus), and northern grasshopper mice (Onchomys leucogaster). Bait
preference significantly varied by species with pocket mice exhibiting strong selection for bird seed. Detection of
pocket mice was greatly increased in traps baited with bird seed bait rather than peanut butter. These results can
be used to develop species-specific capture protocols for future studies.

UNGULATE BEHAVIOR, NUTRITION, & MANAGEMENT
LANDSCAPE-SCALE MODEL OF MULE DEER HABITAT USE DURING SUMMER IN SOUTH-CENTRAL OR
Priscilla K. Coe1, Ryan M. Nielson2, John Lombardi2, Carolyn C. Eckrich1, Darren A. Clark3, Sara K. Gregory4, DeWaine
H. Jackson5, and Mary Jo Hedrick6
1
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6
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Mule deer have been declining in Oregon and understanding the ecological relationships between mule deer and
their habitat is vital for conservation. Of particular importance is how females use habitat during summer when they
are rearing fawns. We conducted a large regional assessment of 428 mule deer wearing GPS collars across 22,000
km2 of summer range in south central Oregon from 2006-2012. We first estimated a utilization distribution with a
Brownian Bridge model to represent probability of use within 150-m grid cells across our study area, and we used
this probability value as the response variable in our analysis. We then developed a set of 34 environmental variables
on the same 150-m cells across our study area. We estimated models with linear regression and selected top models
based on Bayesian Information Criterion (BIC). We conducted a validation analysis on an independent sample of
mule deer and a goodness of fit analysis in grid cells not used in model development. For each of these analyses we
compared predicted to observed use and calculated Spearman rank correlation coefficients. The top model
contained covariates of elevation, tree canopy cover, distance to perennial water, distance to harvest 6-14 years old,
distance to wildfire 6-14 years old, distance to low traffic roads, and distance to forest edge. Coefficients for
elevation, tree canopy cover and distance to perennial water contained a squared term, indicating a positive curved
relationship to deer use. This model may be used in land management planning to assess and predict changes in
probability of use across a landscape when environmental features change.
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SURFING THE GREEN WAVE IN A VARIABLE ENVIRONMENT:
NOT ALL MIGRATION ROUTES ARE AFFECTED EQUALLY BY DROUGHT
Ellen O. Aikens1, 2, Matthew Kauffman3, 2, Jerod Merkle1, Samantha Dwinnell1, Gary Fralick5 and Kevin Monteith1, 4
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Drought is consistently linked with poor population performance in ungulates. Although changes in the spatial and
temporal configuration of resources (i.e., the resource landscape) is often speculated as the underlying cause of
drought-related population decline, the mechanism remains elusive. We explore one potential mechanism by
focusing on the foraging benefit of migration, using data from mule deer (Odocoileus hemionus) in western
Wyoming. In spring, the resource landscape or "greenscape" is controlled by the duration and order of plant greenup along the migration route, which in turn influences the ability of deer to “surf” the green wave. Thus, we
evaluated how drought-induced changes to the greenscape alter the foraging benefit of migration. Overall, drought
intensity resulted in shorter green-up duration (p=0.022, r2=0.34), less consecutive green-up (p=0.018, r2=0.36), and
poor green-wave surfing (p<0.0001, r2=0.53). At the level of individual routes, however, not all greenscapes were
equally impacted by drought. Of the 99 unique migration routes, we classified two types of routes: 1) plastic routes
in which green-up duration increased during wetter years (47% of routes) and 2) drought-tolerant routes, in which
green-up duration was unaffected by drought (53% of routes). Plastic routes were typically higher quality (i.e., had
longer green-up duration under average conditions), whereas drought-tolerant routes were lower quality. Drought
altered the greenscape, which in term diminished the ability of deer to surf the green wave and thus receive a
foraging benefit from migration. But, non-drought conditions provided benefits to migration for only a subset of
routes (i.e. plastic routes). The location of plastic routes was clustered in space, which highlights a key area for
management and conservation. When defining conservation priorities, conservation of routes that respond
favorably to non-drought conditions likely will yield the greatest benefits for migratory populations.

EXTENT AND DETERMINANTS OF EXPLORATORY MOVEMENTS IN MULE DEER
Jerod A. Merkle1, Kevin L. Monteith1,2, Hall Sawyer3, and Matthew J. Kauffman4
1 WY Cooperative Fish & Wildlife Research Unit, Dept of Zoology & Physiology, University of Wyoming, Laramie, WY
(jmerkle@uwyo.edu)
2
Haub School of Environment and Natural Resources, University of Wyoming, Laramie, WY
3
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4
US Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and
Physiology, University of Wyoming, Laramie, WY
Many species exhibit site fidelity or the consistent use of previously visited areas. Although employing site fidelity
can be fitness-rewarding, these taxa have little capacity to adapt to human-induced environmental change.
Quantifying the capacity of such animals to exhibit even small amounts of behavioral plasticity is important for
understanding the evolution of site fidelity, forecasting ecological effects of human development, and guiding
management and conservation efforts such as off-site mitigation. Our objectives were to identify and describe
exploratory movements and test hypotheses that underlie their occurrence in mule deer (Odocoileus hemionus) – a
species exhibiting particularly strong site fidelity. We identified exploratory movements during spring migration for
53 individuals (across three populations in Wyoming and New Mexico) monitored for >3 years with GPS collars. We
defined exploratory movements as GPS locations during migration in a given year that fell outside 99% contours of
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Brownian Bridge movement models calculated from migrations of the previous two years of the same individual. On
average, 7% of movements (2-13%, depending on population) during spring migration were exploratory. Of those
exploratory movements, 75% were within 1 km, and 95% were within 8 km, of an animal’s previous routes. On very
rare occasions, deer moved up to 30 km away from their previous routes. We identified 626 unique instances where
animals left their previous routes, then returned to them. 75% of those instances lasted < 10 hours in duration.
However, a few lasted nearly a month. No animal ever explored for more than 60% of the time they migrated. We
will test hypotheses explaining the triggers of these exploratory movements in phase two of this project.
Understanding how often, how far, and why deer explore can help guide where off-site mitigation efforts should
occur, and help forecast the extent to which deer can adapt to human development.

THE LASTING EFFECTS OF WINTER:
CARRYOVER EFFECTS OF SEVERE WINTER CONDITIONS ON REPRODUCTION OF MULE DEER
Samantha P.H. Dwinnell1, Gary L. Fralick2, Rusty C. Kaiser3, Mark Thonhoff4, Jill Randall5, and Kevin L. Monteith1,6
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Nutritional relationships animals have with their winter environments often underpin survival and reproduction,
consequently, influencing population dynamics. Severe winter conditions can compound the nutritional bottleneck
common to winter environments because increased snowfall can further reduce access to forage and increase
energy expenditure associated with thermoregulation and locomotion. As a result, severe winter conditions may
result in reduced nutritional condition (i.e., fat reserves) of individual animals that is needed to promote overwinter
survival and future reproductive efforts. Although the deleterious effects of severe winters on adult and juvenile
survival are well documented, the duration and influence of carryover effects on reproduction following severe
winter conditions are rarely identified. We aim to understand the enduring effects of a severe winter on population
dynamics of mule deer. We expected that the suppression in nutritional condition following a severe winter would
have cascading effects on reproductive allocation and success, regardless of improved foraging conditions on
summer range. Following extreme winter conditions in 2016-2017, we evaluated the relationship between
nutritional condition and trends in reproduction of 75 adult and 67 neonate mule deer of the Wyoming Range in
western Wyoming. Nutritional condition of female mule deer following severe winter conditions was lower than the
preceding 4 years (2.3%IFBFat in 2017 compared with 4.0–5.3%IFBFat in 2013–2016), which resulted in suppressed
fetal development (1 mm smaller eye diameter), delayed timing of parturition (4-7 days later), reduced birth mass
of neonates (0.5kg lower), and a rise in neonate mortalities resulting from stillbirths (>100% increase). Our
preliminary findings unveil the lasting effects of severe winter conditions on population dynamics resulting from the
carryover effects of nutritional condition and its subsequent effect on reproductive success the following summer.
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BEYOND CAPTURE: A METHOD TO ASSESS MULE DEER NUTRITIONAL CONDITION USING CAMERA TRAPS
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Understanding nutritional condition of animals can provide insight into life history characteristics that are useful for
their management. Useful nutritional condition indices must relate to the body fat content of the animal. Most
nutritional condition indices require capture or mortality of animals to acquire measurements of body fat, which has
limitations when applied to free-ranging animals. Advances in technology and availability associated with camera
traps for wildlife research provide an opportunity to acquire nutritional condition estimates in a non-invasive way.
We developed a non-invasive, visual index of nutritional condition to assess nutritional condition of mule deer that
can be applied to camera trap images or videos. The index was based on the visibility of five bone regions, the
scapula, spinal ridge, ribs, tuber ischium, and tuber ilium, which are covered in varying amounts of subcutaneous
fat. We compared the visual index of nutritional condition to known values of percent IFBFat, obtained from
ultrasonography and physical palpation of captured mule deer. Our visual index of nutritional condition was
positively related to percent IFBFat (r2 = 0.23, p<0.001). Additionally, the bone regions evaluated were each
correlated with the percent IFBFat. The scapula is the region most highly correlated to IFBFat using Spearman’s
correlation (0.44, p<0.001), followed by the ischium (0.36, p<0.001), ilium (0.35, p<0.001), spinal ridge (0.31,
p<0.001), and ribcage (0.12, p<0.01). Based on the relationships between the visual index of nutritional condition
and percent IFBFat, we developed two models, one that requires a broadside orientation to the camera and one
that is applicable when a deer is quartered towards the camera. Potential applications of the index include evaluating
relationships between nutritional condition and habitat enhancements, habitat disturbances, population
performances, and weather.

PICTURE THIS: MONITORING MIGRATORY ELK USING REMOTE PHOTOGRAPHY
Travis J. Zaffarano1, Matthew J. Kauffman2, Doug McWhirter3, Gregg Anderson4, and Alyson Courtemanch5
¹ WY Coop. Fish & Wildlife Research Unit, Dept Zoology & Physiology, Univ. of WY, Laramie WY (travisz@uwyo.edu)
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5
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Population estimates of big games species are essential for biologists to manage productive herds while still
maintaining annual hunter harvests. Many state agencies conduct herd composition surveys via helicopter or fixed
wing aircraft, which are both costly and potentially dangerous. Further complicating the estimation of herd
productivity is the aggregation of migratory and resident herds on seasonal habitats. Several migratory elk (Cervus
elaphus) herds in northwestern Wyoming share winter habitat with resident herds, making it difficult to attain herdspecific composition data. To gather composition data pertaining to each of these herds separately, and to
understand patterns of migration timing, we deployed remote trail cameras at geographic ‘bottlenecks’ to monitor
migrating elk herds. A total of 29, 32, and 34 trail cameras were deployed at potential monitoring sites in the fall of
2014, 2015, and 2016 respectively. Cameras were left in place throughout the winter and spring months to capture
both seasonal migrations. Although sample sizes often differed between aerial and camera surveys, we detected
higher numbers of adult bull elk in 70% of compared classifications. Differences in migration timing of adult bull and
cow migration was observed in 73% of spring migrations, where bulls migrated to summer range earlier than cows;
and differences in 64% of observed fall migrations, where cows migrated earlier than bulls. We also observed
variability in calf migration dates across years, with later migrations corresponding to years with high snow pack.
Inter-annual variation in spring and fall migration dates was observed in all four observed herds and was likely
influenced by snow depth and melt rates during spring, and accumulation of snow during fall migration; two factors
known to influence elk migration timing. Long-term data on composition trends and timing of spring and fall
migrations, could aid in management objectives and reduce annual survey costs.
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GRUDGE MATCH OF THE CENTURY?
INVESTIGATING THE POTENTIAL COMPETITIVE INTERACTIONS BETWEEN MULE DEER AND ELK
Matthew M. Hayes1, Patrick Burke2, Mark Zornes2, Kevin Spence2, Daniel Thompson3 and Kevin L. Monteith1
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Throughout the western United States, mule deer and elk populations have been in a state of flux for the past
hundred years. Following overharvest during the westward expansion and colonization of the continent, populations
of these species have recovered from historic lows, but more recently, researchers and managers have struggled to
understand the disparate population trajectories of these iconic species. While elk populations have been increasing
and are regulated largely by female harvest, mule deer populations have declined or been stagnant, despite minimal
or non-existent female harvest and millions of dollars invested in recovery efforts. Researchers and managers have
studied the dynamics at play between mule deer and elk populations, however that work often was independently
focused on a single species as opposed to how their sympatric existence may affect each other. In an effort to
quantify the potential competitive interactions between mule deer and elk, our ongoing research is focused on
understanding how predation, habitat, and environmental conditions affect components of fitness of the two
species, and whether competitive interactions cause added constraints on individual performance. Diet analysis has
revealed higher than expected overlap in diet, whereas mule deer and elk appear to spatially segregate themselves
on the landscape. Nevertheless, habitats used by both mule deer and elk are similar suggesting potential avoidance
or indirect competition between the two species. When attempting to determine the behavioral adaptations causing
temporal segregation, researchers must address the underlying factors of resource partitioning, habitat
quantity/quality, predation risk and forage availability, coupled with competition in order to inform management
decisions. Our continuing work will elucidate the degree to which highly overlapping diets and segregated habitat
use of mule deer and elk can be explained through the lens of direct, indirect and apparent competition.

MORE IS BETTER: ENHANCED BRUCELLOSIS SAMPLING AND RESEARCH IN BIGHORN MOUNTAINS, WY
Eric Maichak1, Leslie Schreiber2, Tim Thomas3, Bart Kroger4, Tim Woolley1, Hank Edwards5, Jessica Jennings-Gaines5,
Kylie Sinclair5, Cheyenne Stewart6 Brandon Scurlock7, and Mary Wood8
1

Wyoming Game and Fish, Cody, WY (eric.maichak@wyo.gov)
Wyoming Game and Fish, Shell, WY; 3 Wyoming Game and Fish, Sheridan WY; 4 Wyoming Game and Fish, Worland,
WY; 5 Wyoming Game and Fish, Laramie, WY; 6 Wyoming Game and Fish, Buffalo, WY; 7 Wyoming Game and Fish,
Pinedale, WY ; 8 Wyoming Game and Fish, Laramie, WY
2

Brucellosis, a disease caused by the bacteria Brucella abortus, was detected in 2012 from two hunter harvested elk
(Cervus canadensis) in the northern Bighorn Mountains of north-central Wyoming, outside the Greater Yellowstone
Ecosystem where the disease has been endemic in elk and bison for a century. Beginning in 2013, the Wyoming
Game and Fish Department increased education and surveillance efforts to better understand distribution and
prevalence of brucellosis in elk of the Bighorn Mountains. Primary objectives of the program are increased hunter
contacts, useable blood samples, and lymphatic tissue samples. From 2011 to 2016, prior to and following inception
of the program, kits distributed to hunters, useable blood samples, and lymphatic tissue samples collected increased,
and brucellosis was detected in an additional seven hunter-harvested samples from four elk hunt areas (39, 40, 41,
and 49) along the western side of the Bighorn Mountains. We attribute increased useable blood and lymphatic
samples to increased field personnel, communication with hunters and key contacts (e.g., livestock producers,
outfitters), and creative sampling techniques (e.g., blood drop-off coolers). Despite modest returns of kits relative
to kits distributed (mean = 10%) and elk harvested (mean = 19%) since 2013, we suggest that providing incentives
to hunters for collecting and submitting samples may increase returns of useable samples.
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RESOURCE TRACKING AND MIGRATION IN UNGULATES IS A CULTURAL PHENOMENON
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Animal migrations bolster fitness and play an important role in the functioning of ecosystems, yet how migrations
are developed and maintained is poorly understood for many species. Migratory behavior exists along a gradient
ranging from innate and genetically programmed to learned and culturally transmitted across generations. A longstanding hypothesis in ungulate ecology is that migratory behavior is maintained through cultural transmission, but
this hypothesis has not been tested empirically. Further, recent advancements in our understanding of ungulate
migration indicate that migration can be viewed as a foraging strategy for tracking the emergence of high-quality
forage across vast landscapes. Therefore, we tested the hypothesis that cultural transmission of information
regarding the distribution of high-quality forage gives rise to ungulate migration. We tested this hypothesis by
quantifying the migratory propensity and forage tracking ability of 17 populations of bighorn sheep and moose that
varied in how many years they had to gain information about the distribution of forage quality through cultural
transmission. Newly transplanted individuals with no opportunity to gain information via cultural transmission
tracked forage quality poorly and failed to migrate in their new habitats, providing evidence that ungulate migration
lacks a strong genetic program and is culturally transmitted. Bighorn sheep and moose improved their ability to track
forage quality and became more migratory over the course of several decades, further indicating that the migratory
behavior of ungulates and their ability to track high-quality forage stem from cultural transmission. Because culture
represents the accumulation of information across many generations, the loss of migration will expunge herd-level
landscape knowledge, lead to extended periods of suppressed fitness, and alter the dynamics of entire ecosystems
until new migrations are discovered or old migrations are restored.

IMPERFECT TESTS, PERVASIVE PATHOGENS, AND VARIABLE DEMOGRAPHIC PERFORMANCE:
THOUGHTS ON MANAGING BIGHORN SHEEP AND RESPIRATORY DISEASE
Carson J. Butler 1a, W. Hank Edwards2, Jessica Jennings-Gaines2, Halcyon J. Killion2, Mary E. Wood2, J. Terrill Paterson1,
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Respiratory disease (pneumonia) has been a persistent challenge for bighorn sheep (Ovis canadensis) conservation
and its cause has been attributed to numerous bacteria including Mycoplasma ovipneumoniae and several
Pasteurellaceae family species. This study sought to investigate efficacy of diagnostic protocols in detecting
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Pasteurellaceae and Mycoplasma ovipneumoniae, generate sampling recommendations for different protocols used
to detect these organisms, assess the distribution of these disease agents among 20 bighorn sheep populations in
Montana and Wyoming, and evaluate what associations existed between detection of these agents and
demographic performance of bighorn sheep populations. Analysis of replicate samples from individual bighorn
sheep revealed that detection probability for regularly-used diagnostic protocols was generally low (<50%) for
Pasteurellaceae and was high (>70%) for Mycoplasma ovipneumoniae, suggesting that routine pathogen sampling
likely mischaracterizes respiratory pathogen communities. Power analyses found that most pathogen species could
be detected with 80% confidence at the population-level by conducting regularly-used protocols multiple times per
animal. Estimates of detection probability were then applied to the test results of this study in order to quantify the
likelihood of false-negative test results at the population-level. Each pathogen species was detected in over half of
the study populations, but after accounting for detection probability there was low confidence in negative test
results for populations where Pasteurellaceae species were not detected. Eighty percent of study populations hosted
both Mycoplasma ovipneumoniae and leukotoxigenic Pasteurellaceae pathogens, yet a number of these populations
were estimated to have recruitment rates greater than 30% and positive population growth. Overall, the results of
this work suggest that bighorn sheep respiratory disease may be mitigated by manipulating population
characteristics and respiratory disease epizootics could be caused by pathogens already resident in bighorn sheep
populations.

THURSDAY, DECEMBER 7th
UNGULATE BEHAVIOR, NUTRITION, & MANAGEMENT (continued)

IDENTIFYING GENETIC CLUSTERS AND ASSESSING GENETIC DIVERSITY IN WYOMING’S BIGHORN SHEEP
Sierra M. Love Stowell1, Roderick B. Gagne1,2, and Holly B. Ernest1
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Bighorn sheep (Ovis canadensis) are a charismatic component of the biodiversity of Wyoming and the North
American west. Bighorn populations declined steeply in the 20th century mainly due to unregulated hunting and
disease. With translocations and other management efforts, many populations have stabilized or increased, while
others have declined and continue to require management. To promote population health and support effective
management, we conducted a state-wide population genetic analysis with the objectives of 1) identifying genetic
structure; 2) describing effective population size and genetic diversity within each genetic group; and 3) quantifying
gene flow among herds, by dispersal or translocation. We used blood or tissue samples from 245 individual bighorn
sheep collected across the state of Wyoming, aiming for a minimum of 20 individuals from each of 20 hunting license
areas and 10 major mountain ranges, reflecting the natural density wild sheep. Individuals were genotyped using 40
nuclear microsatellites that have been used to assess bighorn sheep in other regions. We found at least four genetic
clusters in Wyoming, reflecting the core native herds and the history of extensive translocations within the state.
Genetic diversity likely reflects the history of disease extirpations and founding events following translocations.
These data form a foundation for monitoring the genetic health Wyoming’s herds in the future, represent additional
genetic markers for forensic analysis, and provide an opportunity to better understand disease threat and response.
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INFLUENCE OF HARVEST AND THE ENVIRONMENT ON HORN SIZE OF MOUNTAIN SHEEP
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Harvest of wild populations is of great socioeconomic, cultural, and conservation importance, however, evolutionary
consequences of harvest has been of increasing concern in recent decades; yet, the true effects of harvest remain
highly debated. Even at limited temporal and spatial scales, population-level responses to harvest can occur across
taxa, and include reduced size of weapons and growth rate, and early sexual maturation. Nevertheless, in most
populations, the thresholds of intensity in selection that prompts evolutionary change is unclear. Harvest can affect
patterns of weapon size in two distinct ways. First, intensive harvest can result in demographic changes, where
declines in weapon size result from an increasing proportion of young animals harvested through time. Alternatively,
selection for males with fast-growing weaponry may favor the persistence of males with slow-growing weaponry,
resulting in declines in the average size of weapons in a population despite no change in age structure. We
synthesized harvest records of mountain sheep (Ovis canadensis and Ovis dalli) throughout their range and assessed
changes to age structure and horn size over 26 years in 130 hunt areas throughout North America to test the effects
of harvest on weapon size. After accounting for age, negative temporal trends in horn size were not explained by
changes to the age structure in 8.5% of hunt areas, but instead may be associated with selective pressures or
environmental conditions. Nonetheless, age-specific horn size was either stable or increasing in 91.5% of hunt areas,
indicating harvest practices for most populations of North American mountain sheep have not resulted in
evolutionary changes to horn size through time.

HORN SIZE AND NUTRITION IN MOUNTAIN SHEEP: CAN EWE HANDLE THE TRUTH?
Kevin L. Monteith1, Ryan A. Long2, Thomas R. Stephenson3, Vernon C. Bleich4, R.Terry Bowyer5, and Tayler N. LaSharr1
1
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Horns, antlers, and other horn-like structures are products of sexual selection, confer reproductive advantages, and
are heritable and honest indicators of individual quality. In addition, horns and antlers also garner substantial societal
interest that, when combined with the powerful motivation to acquire trophy animals, likely has spawned a growing
“hornographic” culture fixated on males with exceptional horn-like structures. Intensive harvest of large, fastgrowing males, however, may have deleterious effects on the very trait being sought, which has led to considerable
controversy in the popular and scientific literature. Mountain sheep, possibly the only large ungulate in North
America managed almost exclusively as a trophy species, embody this controversy because of the emphasis on
managing for large males. That controversy has led to polarizing views among scientists and stakeholders as to how
mountain sheep should be managed. Our goal herein was to discuss the relative contributions of the key ecological
and intrinsic factors that influence horn growth, how those factors might interact with harvest strategies, and
identify what determinants of horn size are most amenable to management and most effective in achieving desired
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outcomes. Given the hyperbole surrounding trophy management and big horns, we suggest the importance of
females in the management of bighorn sheep has been largely forgotten. Females play a critically important role,
not just as the reproductive segment of the population responsible for producing young, but because maternal
condition can produce life-long effects on size and growth of males (via maternal effects); and additionally,
abundance of females, in turn, affects nutritional limitation within populations through density-dependent
feedbacks. Ultimately, we call for greater recognition of the pervasive role of the ewe—and other female
ungulates—in the production of trophy males and in contributions to population performance; and accordingly, that
they be better integrated into harvest and management programs.

NICHE SIMILARITIES AMONG INTRODUCED AND NATIVE MOUNTAIN UNGULATES
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The niche concept provides a strong foundation for theoretical and applied research among a broad range of
disciplines. When two ecologically similar species are sympatric, theory predicts they will occupy distinct ecological
niches to reduce competition. Our objective was to test the niche partitioning hypothesis through describing the
niche characteristics of sympatric mountain ungulates – native bighorn sheep (BHS; Ovis canadensis) and introduced
mountain goats (MTG; Oreamnos americanus) in the northeast portion of the Greater Yellowstone Area. We
characterized seasonal niches using descriptive summaries of GPS locations of each species as well as two-stage
resource selection functions with a used-available design. We evaluated overlap in niche space according to
confidence interval overlap of model coefficients for each species and overlap in geographic space by comparing
model predicted values from each species with Schoener’s D metric. Our sample contained 37,962 summer locations
from 53 individuals (BHS = 31, MTG = 22), and 79,984 winter locations from 57 individuals (BHS = 35, MTG = 22).
Slope was the most influential niche axis for both species and season, and showed the strongest evidence of niche
partitioning. Bighorn sheep occurred on steeper slopes than mountain goats in summer and mountain goats
occurred on steeper slopes in winter. The pattern of differential selection among species was less prevalent for the
remaining covariates, indicating broad overlap in niche space. Model predictions in geographic space also showed
broad seasonal overlap (summer D = 0.88, winter D = 0.87). It is likely that introduced mountain goats will continue
to increase their spatial overlap with native bighorn sheep as they increase densities and expand ranges throughout
the region. We encourage additional studies of sympatric populations to describe the niche dynamics of bighorn
sheep and mountain goats and evaluate the presence of niche partitioning along temporal or dietary axes.
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THUNDER ON THE GRASSLAND: YELLOWSTONE BISON MANIPULATE THE GREEN WAVE
Chris Geremia1, Jerod A. Merkle2, Mark Hebblewhite3, Daniel R. Eacker3, Rick L. Wallen1, and Matthew J. Kauffman4
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Recent studies have shown that migrating ungulates closely time their movements during spring to extend their
access to forage plants in early phenological stages, a strategy termed "surfing the green wave." In classical greenwave surfing, the wave of forage progresses irrespective of the level of herbivory on the landscape. Yet, it is well
known that grazers can alter productivity of foraging patches where they concentrate their use (i.e., grazing lawns).
Dense aggregations of grazing herbivores may thus be capable of delaying phenology at larger scales in a manner
that could alter green-wave surfing. We evaluated green-wave surfing in bison, a species that still forms large groups
in Yellowstone National Park. We show that daily movements of most collared bison are generally consistent with
large-scale green wave surfing at some point during spring. Yet, bison also show a consistent pattern of extended
stopovers where they slow down and let the green wave pass them by. Despite this, based on fecal samples, bison
maintain remarkably high-quality diets throughout the remainder of the growing season, after the green wave
recedes and broad-scale forage quality declines. Analysis of small-scale herbivore exclosures deployed across key
meadows in the bison range indicate that grazing is intense enough to suppress plant biomass and enhance forage
quality in grazed vs. ungrazed plots. Finally, across 24 established grazing areas where we have simultaneous bison
density and satellite imagery data, we show that bison grazing intensity is capable of creating landscape-scale grazing
lawns that increase overall productivity and delay the peak in forage biomass (P < 0.05). Thus, as opposed to other
migratory ungulates like mule deer that must closely time their movements with waves of optimal forage, bison
appear to manipulate the green wave through the intense herbivory they create while foraging in large groups.

IMPLICATIONS OF COUNTERINTUITIVE HABITAT SELECTION BY LARGE HERBIVORES ACROSS FOODSCAPES
Kristin Denryter1,2, Katherine Parker2, Michael Gillingham2, Rachel Cook3, and John Cook3
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Heterogeneity in the quality and distribution of forage resources available to large herbivores influences how they
perceive and use the landscape. In studies of habitat use, forage resources often are indexed by surrogate variables
that may not reflect how animals perceive their resources. ‘Foodscapes’ (i.e., food landscapes), defined by foraging
behaviors of animals, can be used to link animals with their resources to understand how these resources influence
habitat use. We quantified per-minute and daily intakes of digestible energy (DE) and digestible protein (DP) by
tame caribou (Rangifer tarandus) in plant communities available to free-ranging caribou in the Chinchaga herd in
northeastern British Columbia. Using these data on DE and DP intakes, we mapped foodscapes for the Chinchaga
caribou herd at a 30-m resolution. From telemetry locations of the free-ranging caribou, we determined home
ranges for individuals in the Chinchaga herd and compared DE and DP values of home ranges to randomly generated
ranges. Within home ranges, we compared DE and DP values of used versus random locations. Given that many
plant communities afforded caribou low intakes of DE and DP, we hypothesized that habitat selection by caribou
would favor home ranges and locations that afforded caribou higher intake rates. Caribou, however, were less likely
to use the areas with highest average daily DE and DP intakes as a home range. Likewise, caribou were less likely to
use locations where average per-minute intakes of DE and DP were highest within home ranges. Thus, contrary to
our hypothesis, caribou in our study area appeared to avoid areas where they could achieve high intakes of DE and
DP. Our results suggest that across heterogeneous foodscapes with high levels of anthropogenic disturbance, like
those defined for Chinchaga caribou, animals must have large home ranges, employ better-than-average foraging
strategies, and balance trade-offs between nutritional demands and other factors or risk being in a negative nutrient
balance.
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INFLUENCE OF HUMAN DISTURBANCE & DEVELOPMENT ON SPECIES
MULE DEER AND ENERGY DEVELOPMENT – LONG-TERM TRENDS OF HABITUATION AND ABUNDANCE
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As the extent and intensity of energy development in North America increases, so do disturbances to wildlife and
the habitats they rely upon. Impacts to mule deer are of particular concern because some of the largest gas fields in
the USA overlap critical winter ranges. Short-term studies of two to three years have shown that mule deer and
other ungulates avoid energy infrastructure, however, there remains a common perception that ungulates habituate
to energy development and thus, the potential for a demographic effect is low. We used telemetry data from 187
individual deer across a 17-year period, including two years pre-development and 15 years during development, to
determine whether mule deer habituated to natural gas development and if their response to disturbance varied
with winter severity. Concurrently, we measured abundance of mule deer to indirectly link behavior with
demography. Mule deer consistently avoided energy infrastructure through the 15-year period of development and
used habitats that were an average of 913 m further from well pads compared with pre-development patterns of
habitat use. Even during the last three years of study, when most wells were in production and reclamation efforts
underway, mule deer remained > 1 km away from well pads. The magnitude of avoidance behavior, however, was
mediated by winter severity, where aversion to well pads decreased as winter severity increased. Mule deer
abundance declined by 36% during the development period, despite aggressive on-site mitigation efforts (e.g.,
directional drilling and liquid gathering systems) and a 45% reduction in deer harvest. Our results indicate behavioral
effects of energy development on mule deer are long-term and may affect population abundance by displacing
animals and thereby, functionally reducing the amount of available habitat.

MULTI-SCALE SEASONAL RESOURCE SELECTION OF PRONGHORN RELATIVE TO ANTHROPOGENIC DISTURBANCE
Adele K. Reinking1, Kurt T. Smith1, Tony W. Mong2, Mary J. Read3, and Jeffrey L. Beck1
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Pronghorn (Antilocapra americana) are an iconic western wildlife species and are endemic to North America, where
they occupy large expanses of grassland and sagebrush (Artemisia spp.) habitats. The Red Desert region in southcentral Wyoming has historically served as a stronghold for pronghorn populations, but many herds in the region
have experienced declining population trends over the last 20 years, concurrent with expanding oil and natural gas
development. Our research was motivated by these demographic changes and the potential for such energy
development, its associated infrastructure, and other anthropogenic features like roads and fences to influence
pronghorn habitat selection. We evaluated the potential effect of human-induced disturbance on seasonal resource
use across multiple scales within third-order selection for 142 adult female pronghorn between 2013 and 2016. We
utilized a traditional resource selection function to evaluate summer and winter home-range selection and a stepselection function to assess fine-scale, patch-level seasonal selection within home ranges. We also evaluated
resource use during daytime and nighttime hours with step-selection analyses because wildlife responses to
anthropogenic disturbance may vary diurnally with fluctuating human activity levels. In summer and winter at the
seasonal home-range scale, pronghorn selected for areas with more sagebrush and areas closer to oil and gas wells.
This selection was likely a consequence of the placement of oil and gas wells in high quality pronghorn habitat with
greater proportions of sagebrush, rather than an affinity for development. At the finer, patch-scale level, pronghorn
selected for sagebrush and avoided crossing fences in both seasons and times of day. We recommend minimizing
anthropogenic disturbance in high quality seasonal pronghorn range with high proportions of sagebrush, particularly
during winter when risk-avoidance responses may be amplified. Fence modification and removal to increase
permeability would also improve pronghorns’ ability to complete daily and seasonal movements across the
landscape.
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DISTANCE EFFECTS OF GAS FIELD INFRASTRUCTURE ON PYGMY RABBITS RESIDING
IN THE REMAINING UNDEVELOPED SHRUBSTEPPE HABITAT
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In their (2010) finding that the pygmy rabbit (Brachylagus idahoensis) did not warrant federal protection, the USFWS
reported that based on the available information they felt it unlikely that oil and gas energy development would
negatively impact pygmy rabbits. At that time however, there was little available information on which to base their
decision. Recognizing this as an important information gap, in 2011 we began a multi-year examination of the
relationship between gas field development and pygmy rabbits on 4 major gas energy fields in southwest Wyoming
(Creston/Atlantic Rim, Jonah, Moxa Arch, Pinedale Anticline Project Area). Using data collected at 120 plots across
the 4 gas fields, our first study phase explored the relationship between area covered by gas field elements (e.g.
roads, well pads, pipelines, etc.) and pygmy rabbits. After accounting for background differences among gas fields,
we observed a strong negative effect of gas field elements on both pygmy rabbit abundance and probability of being
present, beginning once ~1.5% of the land surface area on a gas field was developed. Also, this effect was modified
by the amount of shrubsteppe habitat remaining in the vicinity. Here, we focused on the remaining areas of
undeveloped shrubsteppe vegetation. We explored the relationship between pygmy rabbit presence, abundance,
and distance from gas field elements, and, whether gas field well pads were distributed randomly relative to the
distribution of pygmy rabbit habitat. Boosted regression tree models relating pygmy rabbit abundance with distance
from gas field elements explained nearly 50% of the variation present, and demonstrated that abundance began
declining at approximately 1.5 km from gas field roads, 1.75 km from utility corridors, and >2km from well pads and
their associated disturbance and connecting spur roads. We conclude with a wildlife manager’s perspective on how
spatial rearrangement of gas field elements may benefit pygmy rabbits.

NATURAL GAS FIELDS AS ECOLOGICAL TRAPS FOR NESTING BIRDS
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1

Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology, University of
Wyoming, Laramie, WY (achalfou@uwyo.edu)
2
U.S. Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and
Physiology, University of Wyoming, Laramie, WY
Ecological traps can arise when contemporary, human-induced habitat change decouples habitat preferences with
historic fitness outcomes. The specific contexts in which traps are likely to occur, trap severity, the mechanisms
underlying traps, and the potential for habitat features to modulate traps, however, remain unclear. We investigated
whether natural gas fields in Wyoming function as ecological traps for nesting sagebrush songbirds. Across seven
years of study at twelve sites within two energy fields (Pinedale Anticline and Jonah), the probability of nest survival
for all three species of sagebrush-obligates (Brewer’s Sparrow, Spizella breweri; Sagebrush Sparrow, Artemisiospiza
nevadensis; Sage Thrasher, Oreoscoptes montanus) decreased with surrounding habitat loss due to energy
development. Yet, birds did not settle safe sites any earlier than risky sites as indexed by initiation dates of first nests
of the year. The main cause of nest failures was nest predation by rodents, and most species of rodents increased in
abundance with increasing energy development. Collectively, our results suggest that energy development can lead
to equal-preference or severe traps for breeding birds by concentrating nest predators in areas still utilized for
nesting.

27

WHAT IS SUSTAINING HIGHER NEST PREDATOR ABUNDANCE WITHIN NATURAL GAS FIELDS?
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Understanding the mechanisms underlying avian responses to human-induced habitat change is a rare but critical
endeavor for conservation and management. Energy development has become a major source of anthropogenic
habitat alteration globally. In the western US, the majority of development overlaps with sagebrush steppe.
Previous research in western Wyoming demonstrated decreased nest survival with surrounding habitat loss from
natural gas development. Predation was the primary cause of nest failures, with 80% of observed depredation events
attributed to rodents. A critical next step is to determine why some rodents are more abundant near energy
development. Here, we tested two alternative hypotheses to explain increased rodent abundance near energy
development: Mesopredator Release and Food Augmentation. We measured apex predator detections, and rodent
abundance, survival, perceived predation risk, fitness metrics (body condition, juveniles per female, adult
reproductive status), diet, and habitat use, while accounting for key habitat variables, to test these hypotheses.
Contrary to the predictions of the Mesopredator Release Hypothesis, detections of apex predators and perceived
predation risk of deer mice increased, whereas survival decreased, with energy development. Mice increased in
abundance with surrounding reclaimed area and grass cover, and consumed plant foods found within reclaimed
areas. Deer mice, however, had reduced fitness at sites with more surrounding reclaimed area, which may have
resulted from the increased predation risk. Our results clarify the role that the composition of reclaimed areas can
play as a food resource for rodents within energy fields, and contribute to general understanding of how humaninduced habitat change can influence nest predation risk.

DO RECLAIMED AREAS WITHIN NATURAL GAS FIELDS AUGMENT DEER MOUSE FITNESS AND ABUNDANCE?
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1

Department of Zoology and Physiology, University of Wyoming, Laramie, WY (waglerbrittany@gmail.com)
WY Cooperative Fish and Wildlife Research Unit, Dept of Zoology and Physiology, University of WY, Laramie, WY
3
U.S. Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and
Physiology, University of Wyoming, Laramie, WY
2

Habitat loss and fragmentation from anthropogenic activities alters habitat availability for wildlife and can result in
changes to wildlife behavior, space use, and fitness. Discerning both how and why populations are changing in
response to habitat alteration can improve our understanding of community structure and species interactions
across trophic levels in disturbed systems. Energy development is an increasingly large source of habitat alteration
worldwide. Some small mammals, including deer mice (Peromyscus maniculatus), are more prevalent in areas with
increased habitat loss from natural gas development, leading to increased predation rates for co-occurring
songbirds. Why deer mice are more abundant in gas fields remains unclear. We investigated whether mice are
receiving fitness benefits from living near development. We hypothesized that reclaim areas adjacent to well pads
provide rodent populations with food subsidies. Accordingly, we predicted increased abundance and improved
fitness for deer mouse populations adjacent to reclaimed areas compared to populations further away from
reclaimed areas. We also predicted deer mouse abundance would increase with grass cover within reclaimed areas.
Although we found no difference in abundance or fitness metrics between mice living near and far from
development, we did find higher abundance of deer mice near reclaimed areas with higher densities of grasses (an
important food resource). Understanding the mechanisms underlying small mammal abundance near energy
development will facilitate the development of targeted management strategies to protect vulnerable species of
songbirds breeding near energy development.
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HUMAN-MADE STRUCTURES, VEGETATION, AND WEATHER INFLUENCE
FERRUGINOUS HAWK BREEDING PERFORMANCE
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Studies of anthropogenic impacts on wildlife may produce inconclusive or biased results if they fail to account for
natural sources of variation in breeding performance and do not use probabilistic sampling at a scale functional for
management. We used stratified random sampling and generalized linear mixed models to test hypotheses on
relationships of daily nest survival rate (DSR) and fledgling production with anthropogenic and environmental factors
that influence reproduction in the ferruginous hawk (Buteo regalis). We conducted the study across ferruginous
hawk range in Wyoming, USA, 2010–2013. We performed extensive field surveys of prey, vegetation, and nest
substrates, and used spatially explicit data to quantify weather, and the most widespread forms of anthropogenic
infrastructure (i.e., roads, oil and gas well pads) in ferruginous hawk territories. We found strong evidence that DSR
and productivity were greater for nests on anthropogenic structures (i.e., artificial nest platforms, gas condensation
tanks, abandoned windmill platforms, power poles) compared to natural substrates (i.e., trees, cliffs, rock outcrops).
Additionally, ferruginous hawks produced more fledglings at territories with greater shrub cover and fewer severe
storms during the June brood-rearing period. Amount of oil and gas development and prey was not associated with
either measure of breeding performance. Our results suggest that artificial nest platforms are an effective tool to
improve breeding success of ferruginous hawks and nesting on anthropogenic structures does not constitute an
ecological trap for this species. Although ferruginous hawks nested in some areas with very little vegetative cover,
territories with greater amounts of shrub cover produced more fledglings. The negative impact of severe spring
storms on fledgling production illustrates the importance of including future weather scenarios in management
planning for this species because storms are predicted to increase in frequency and intensity as a result of climate
change.

MAPPING OF SPECIES LEVEL WILDLIFE-VEHICLE COLLISION RECORDS AND PRELIMINARY ASSESSMENT
OF MITIGATION MEASURES IN GRAND TETON NATIONAL PARK
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Grand Teton National Park (GTNP) has maintained a tabular database of wildlife-vehicle collisions (WVC) since 1991.
To assess WVC hotspots by species, we joined records within 150 meters of primary park roads to road feature
classes cut into three different segment lengths: 0.4, 0.8, and 1.6 km. Segments were populated with a total count
of WVC by species. We calculated Getis-Ord Gi* z-scores for the three segment lengths to visualize differences in
hotspot clustering. Species maps were generated for park staff to assess the effectiveness of WVC mitigation
measures. Mitigation techniques included variable messaging signs, reduced nighttime speed limits, and visual
friction road striping. We developed a python script to standardize import of Microsoft Access records into
geodatabase format. Additionally, this script assigned a time of day value (Dawn, Dusk, Day, Night) based on WVC
date, and time of collision. Day/night WVC rates were calculated pre and post mitigation. WVC rates were also
examined as a function of traffic. GTNP and Teton Conservation District staff continue to refine data management
and analysis protocols as new data are acquired.

29

MESOCARNIVORE/OMNIVORE BEHAVIOR, NUTRITION, & MANAGEMENT
PHOTO IDENTIFICATION OF INDIVIDUAL SPOTTED SKUNK IN WYOMING
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Abundance estimates are commonly used to inform wildlife management decisions. However, precise abundance
estimates, requiring identification of individuals, can be difficult and costly to obtain. Individual identification is
especially challenging for carnivore species, which are naturally wary and tend to avoid human activity. Therefore,
recent efforts to survey carnivores have largely shifted towards the use of wildlife cameras. Coupled with unique
visual identifiers, camera trap surveys can yield reliable abundance estimates, as demonstrated by recent studies on
striped hyenas (Hyaena hyaena) and jaguars (Panthera onca). As part of a larger effort, we are interested in
describing local densities of eastern and western spotted skunks (Spilogale putorius and S. gracilis) across Wyoming
using camera trap surveys. From June 2017 through the present, we deployed camera traps at over 200 sampling
locations, with 3 cameras spaced at 250-500m at each site (i.e., > 600 camera trap locations). Cameras were baited
with 3-5 dead pheasant chicks and were laced with commercial scent lure. When a spotted skunk was etected,
Tomahawk live traps were deployed at the site. While sedated, captured skunks were photographed extensively and
the patterns of their stripes were compared to color patterns of individuals recorded at the camera traps. We
detected and photographed spotted skunks at 26 sites and captured 19 individuals at 15 sites. Comparison of the
marking patterns suggests that the markings are individually unique even among relatives and that camera traps are
a reliable method for estimating the abundance of spotted skunk populations.

STUDY DESIGN AND PRELIMINARY RESULTS FROM A SPOTTED SKUNK SURVEY IN WYOMING
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The plains spotted skunk (Spilogale putorius interrupta) was petitioned for listing under the Endangered Species Act
(ESA) due to large, range-wide declines in abundance. Eastern (S. putorius) and western (S. gracilis) spotted skunks
are considered distinct based on geography, mitochondrial DNA and differing reproductive traits. However, the two
species cannot reliably be distinguished by morphology. Also, the validity of the S. p. interrupta subspecies is unclear.
Central Wyoming is one of few locations where the two species could co-occur, possibly leading to sympatry and
hybridization. We used 85 known locations of spotted skunks derived from camera traps (WGFD, n = 18 and the
UWYO, n = 9) and verified historic and new records collected through public outreach campaign (n = 58) to determine
habitat associations of these carnivores. Analysis suggested that spotted skunks in Wyoming use rocky outcrops near
riparian areas disproportionately more than available (χ2 test, p = 0.000183). Further, 92% of all locations had <5%
canopy cover. Based on these results, we used GRITS spatially balanced, random sampling to generate 900 survey
locations near rocky outcrops and/or water throughout Wyoming. From June 2017 through the present, we
deployed camera traps at over 200 of these sites, with 3 cameras spaced at 250-500m at each site (i.e., > 600 camera
trap locations). Cameras were baited with 3-5 dead pheasant chicks and were laced with commercial scent lure. We
detected spotted skunks at 20 of these sites and captured 20 individuals in Tomahawk live traps. Tissue and blood
samples were collected from all individuals. Currently, we are performing genomic analyses on DNA extracted from
these live-captured individuals, as well as from 38 museum specimens and samples shared through collaborative
projects. Our goal is to develop reliable genetic markers for both species and delineate their distributions across the
state.
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RACCOON ASSOCIATION PATTERNS AND THE POTENTIAL FOR INFORMATION TRANSMISSION
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Historically, raccoons (Procyon lotor) have been considered a solitary species; however, recent findings indicate they
are more social than previously thought. Raccoon sociality and the patterns of association among individuals may
have important implications for the spread of learned information in raccoon populations. Studies on captive
raccoons indicate this species is behaviorally flexible and capable of innovative problem solving, but whether
raccoons exhibit social learning and preferentially associate with knowledgeable individuals in a group remains
unknown. We used social network analysis to explain the patterns of association among 18 wild raccoons that visited
an artificial foraging site in Laramie, WY. For the network analysis, we incorporated attribute data (e.g., sex, age
class, etc.) for each raccoon to determine how these metrics interact to influence group dynamics. Additionally, we
will discuss the implications of our findings on the potential for information spread, social learning, and disease
transmission within our study population.

LARGE CARNIVORE/OMNIVORE BEHAVIOR, NUTRITION, & MANAGEMENT
MULTI-STATE WOLVERINE MONITORING AND CONSERVATION
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Wolverines (Gulo gulo) have a circumpolar distribution that historically extended to California and New Mexico.
Since 1920, wolverines have recolonized portions of their former range, although extent of recolonization is
unknown. Concerns about the vulnerability to climate change led to a petition to list the species in 2000, and a
federal court ruling recently remanded the 2014 not warranted finding, returning wolverines to ‘proposed
threatened’ status. In response to the petition, Idaho, Montana, Washington, and Wyoming, with support of the
Western Association of Fish and Wildlife Agencies, initiated the Western States Wolverine Conservation Project in
2015 with the goal to assess current distribution and identify conservation actions. A key action identified in the
Project was the need to develop a coordinated, multi-state monitoring strategy throughout the range of wolverines
in the contiguous United States. To that end, in 2015 the Wyoming Game and Fish Department initiated a project
using protocols developed by the cooperating states and others that used remote cameras coupled with bait and
lure stations to detect wolverines and estimate occupancy throughout the western mountains and Bighorn
Mountains. From that effort, the Department documented wolverines at 6 of 51 camera stations. Over the 4-state
region, wolverines were documented at 61 of 187 camera stations. Overall detection rates were high, and results
will be used to establish a baseline for future monitoring, refine and identify gaps in distribution, collect genetic
samples, and elucidate population connectivity.
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MODELED SNOW PERSISTENCE IN OCCUPIED AND POTENTIAL
WOLVERINE HABITAT IN THE ROCKY MOUNTAINS
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Wolverines may utilize snow for predator avoidance, food storage, temperature regulation and denning cover. The
impacts of climate change on snow persistence and thereby wolverine population performance has been suggested
as an important negative factor for wolverines. The Fish and Wildlife Service engaged with the National Oceanic and
Atmospheric Administration and University of Colorado to model fine scale persistence of snow in occupied and
potential wolverine habitat in Glacier and Rocky Mountain National Parks. The primary objective was to refine the
spatial and temporal scale of snow modeling efforts and improve the scientific understanding of the extent of spring
snow retention in the future under a changing climate. Future snow pack projections were generated using the
Distributed Hydrology Soil Vegetation Model for the historic period 1998-2013, and validated against SNOTEL
stations and MODIS satellite data. Five future scenarios were selected from CMIP5 global climate model projections
based on the RCP 4.5 (moderate) and RCP 8.5 (high) emissions scenarios. All projections show declines in the number
of years with significant snow. In each study domain, areas with frequent availability (14 out of 16 years) of significant
snow ( 0.5 m) become concentrated in smaller high elevation areas. In contrast, lower elevation areas had the
largest decreases in the number of years with significant snowcover. Large tracts of significant snow covered area
were projected near documented dens and inferred elevations for expected denning for all three scenarios. This
suggests wolverines would not have to move far to reach areas with significant snow in the future.

POTENTIAL PATHS FOR MALE-MEDIATED GENE FLOW TO AND FROM AN ISOLATED GRIZZLY BEAR POPULATION
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Grizzly bear populations in the Greater Yellowstone Ecosystem (GYE) and the Northern Continental Divide Ecosystem
(NCDE) have increased in numbers and range extent. The GYE population remains isolated and genetic connectivity
between these populations remains a long-term management goal. We sought to delineate potential paths for
male-mediated gene flow between the two populations. We first developed step-selection functions to generate
conductance layers using ecological, physical, and anthropogenic landscape features associated with non-stationary
GPS locations of 124 male grizzly bears. We then used a randomized shortest path (RSP) algorithm to estimate the
average number of net passages for all grid cells in the study region, when moving from an origin to a destination
node. Repeating this process for 100 pairs of random origin and destination nodes, we identified paths for three
levels of randomness (θ) from the least-cost path. For all three levels of movement exploration, we observed broadscale concordance between model predictions for paths originating in the NCDE and the GYE. Model predictions
indicated that male grizzly bear movement between the ecosystems could involve many routes, and verified
observations of grizzly bears outside occupied range supported this finding. Where landscape features concentrated
paths into corridors (e.g., because of anthropogenic influence), they typically followed neighboring mountain ranges,
of which several could serve as pivotal stepping stones. The RSP layers provide detailed, spatially-explicit
information for land managers and conservation organizations to identify and prioritize conservation measures that
maintain or enhance the integrity of potential areas conducive to male grizzly bear dispersal.
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BLACK BEAR POPULATION MONITORING IN WYOMING USING CLUSTERED DESIGN
AND SPATIALLY EXPLICIT CAPTURE-RECAPTURE MODELS
Ryan Kindermann, Dan Bjornlie, Kole Stewart, and Sean Ryder
Wyoming Game and Fish Department, Lander, WY (ryan.kindermann@wyo.gov)
To better inform management decisions and more effectively monitor population trends for black bears in Wyoming,
we began regular population monitoring efforts in 2015. In the first phase of this monitoring we captured and radio
collared black bears in the Greys River area of western Wyoming in 2015. Black bears were fitted with global
positioning system collars, sampled, and released on site. Data from these collars provided home range, movement,
and other space use data to assist in developing the extent and density of hair snare grids placed in the following
year. In 2016 we deployed non-invasive barbed-wire hair snare corrals at 36 sites in a clustered design. Using a
clustered design allowed us to cover a large area, while also maintaining the ability to check hair snares once per
week with available personnel. Each cluster contained nine 6km x 6km cells with one corral per cell. Bears were
attracted to sites by a suspended blood scent lure. When entering the hair snare, bears were forced to crawl under
or step over the stretched barbed wire, thereby leaving small tufts of hair behind on the barbs. Genetics analysis
identified 66 individual black bears (35 males, 31 females). Using Spatially Explicit Capture-Recapture models (SECR),
we estimated total and sex-specific density and abundance for the Greys River area of the Wyoming Range. The
long-term goal of this project is to use this technique to evaluate black bear populations throughout Wyoming. This
information will be instrumental for evaluating management strategies and developing harvest limits as well as
providing a more detailed understanding of black bear population dynamics in Wyoming.

PILOT PROGRAM TO MITIGATE HUMAN-BLACK BEAR CONFLICT AT STRING LAKE, GRAND TETON NATIONAL PARK
Jessica S. Erwin, Katharine R. Wilmot, and William A. Apel
Grand Teton National Park, Moose, WY (Jessica_Erwin@nps.gov)
Record visitation has created a variety of management challenges for the National Park Service. Mitigating humanwildlife conflicts, especially between bears and visitors, remains a priority management issue. In Grand Teton
National Park (GRTE), String Lake (SL) is a shallow, 2.1 km long, 40.5-hectare glacial lake and one of the most popular
destinations in the park. The surrounding forest and the lake’s shallow depth and relatively warm waters provide a
diversity of recreational activities (e.g. picnicking, hiking, swimming, canoeing, kayaking, and paddle boarding). The
surrounding area is commonly frequented by a variety of animal species, including black bears (Ursus americanus).
Improper food storage, particularly along the lakeshore, has led to black bears receiving food rewards which has
resulted in trapping, relocation, removal, and/or euthanization of these animals. For example, in 2015, two black
bears at SL were removed. In 2016, GRTE instituted a multi-component program at SL to, among other things,
minimize the creation of conflict bears associated with human-food rewards. Elements of this program include (1)
establishment of a uniformed, trained, volunteer group to interact with and educate visitors about wildlife behavior
and proper food storage; (2) additional signage to provide food storage guidance in picnic areas and open parked
vehicles; (3) an increase in the number of bear-resistant food storage lockers; and (4) implementation of parking
management and vehicle access control to the SL area to minimize adverse resource impacts. Since its
implementation, no SL bears have received food rewards, and no SL bears have been removed or euthanized. The
program has been well received by the public, and has been accomplished by GRTE with minimal funding. Expansion
of the program to other areas in the park is being actively considered.
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GRAY WOLF RECOVERY, MANAGEMENT AND CONSERVATION: LESSONS LEARNED IN WYOMING
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Gray wolves were reintroduced into Wyoming beginning in 1995 and rapidly expanded in range and number,
meeting recovery criteria set forth under the Endangered Species Act by 2002. Numerically, the wolf population
grew logistically as expected by standard population ecology. Depredation on livestock by wolves increased
concurrently with wolf numbers until the US Fish and Wildlife Service initiated more aggressive lethal management
in chronic depredation situations. As delisting from Endangered Species Act protections were planned, Wyoming,
Montana and Idaho were each assigned an equal proportion of the numerical recovery criteria for the recovered
population of Northern Rocky Mountain wolves despite Wyoming’s lesser area of suitable contiguous habitat and
extant wolf population,, thus shaping the approach to wolf management in Wyoming. Wolves were delisted in
Wyoming and were managed by the Wyoming Game and Fish Department from September 2012-September 2014.
During this time the Department developed a science-based management program that incorporated wildlife
population theory and analyses of population trends to guide management actions. Despite managing above
recovery criteria, wolves were relisted by court order in September 2014, leading to a subsequent increase in the
wolf population and a concomitant increase in livestock depredation by wolves to similarly record levels. Following
a successful appeal, this court order was rescinded in April 2017 and wolves are again being managed under the
purview of the Wyoming Gray Wolf Management Plan. In this presentation we will provide the science behind wolf
recovery in Wyoming, as well as discussing current monitoring and management of wolves in the state.
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