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Thank you to our generous 2022 sponsors!

Greetings!
Warm welcome to the 2022 meeting of the Wyoming Chapter of The Wildlife Society. We are
thrilled to be able to return to our tradition of gathering each year to learn about the latest and
greatest wildlife science and management efforts, and catch up with colleagues and friends from
across our great state. These have been challenging times, so being able to reconnect and interact
will be especially welcomed and meaningful.
Your dedicated Board has worked diligently to assemble a program of diverse presentations focused on a wide array of species and topics, practical workshops, timely and topical round tables,
enjoyable networking opportunities, a unique plenary, and of course…the always-lively quiz bowl!
Special thanks to all of the presenters for taking the time to share the results of your work, the
workshop leaders and round table panelists for sharing your expertise, and everyone who volunteered to help make this conference come to fruition. Huge thank you also to all of our conference sponsors, vendors, and donors — without you this event would not have been possible! Finally, thank you to all of the host and catering staff for helping with our conference ‘habitats’ and
foraging needs.
We hope that you have an engaging, enlightening and enjoyable conference experience.
Welcome to Jackson, and welcome to the 2022 WY-TWS Conference.
Aly Courtemanch | President, WY-TWS
Anna Chalfoun | President-Elect, WY-TWS

Photo: Tim Lumley via Flickr
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I. Wyoming Chapter of The Wildlife Society
Our Mission
To inspire, empower, and enable wildlife professionals to sustain wildlife populations and
habitats through science-based management and conservation.
Objectives
1. Provide an organization of wildlife management professionals from which statements
affecting wildlife can be made exclusive of agency limitations.
2. Provide for the exchange of ideas and information between wildlife workers without
agency consideration.
3. To strengthen The Wildlife Society, its objectives and goals.
4. To promote and provide for interdisciplinary communication and training to keep
abreast of modern needs and technological developments.
5. To promote awareness of and continued improvement in wildlife management.

2022 Executive Board
Aly Courtemanch | President

Anna Chalfoun | President-Elect
Tayler LaSharr | Past President
Courtney Larson | Secretary
Megan Smith | Treasurer
Jerod Merkle | Board Member-at-Large
Emily Reed | Board Member-at-Large
Don DeLong | Board Member-at-Large
Heather O’Brien | Board Member-at-Large

2022 Leadership & Committee Chairs
Dan Thompson | Science Committee Chair
Rhiannon Jakopak | Legislative Affairs Committee Chair
Ashleigh Rhea | Communications Committee Chair
Riley Bernard | Awards and Nominations Committee Chair
Renee Lile| Student Chapter Liaison
Rhiannon Jakopak | Conservation Affairs Network Liaison
Embere Hall | Central Mountains and Plains Section Liaison
Andrea Orabona | Representative to TWS Council
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II. Agenda Overview
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TUESDAY, APRIL 12
7:00 – 8:00

Welcome table open

8:00 – 5:00

Workshop: A gentle introduction to Bayesian statistics for
wildlife scientists
Cheyenne Room, Lodge at Jackson Hole Conference Center

8:00 – 12:00

Workshop: The planning/NEPA Process and how it pertains to
wildlife conservation on federal lands
Bridger Ballroom, Lodge at Jackson Hole Conference Center

8:00 – 12:00

Workshop: Sharing science: Messaging and shared values to
build stakeholder trust
Wyoming Game and Fish Department Jackson Regional Office,
420 North Cache Street (conference room)

1:00 – 5:00

Workshop: The power of positive conflict
Wyoming Game and Fish Department Jackson Regional Office,
420 North Cache Street (conference room)

1:00 – 4:00

Golden eagle working group meeting (members only)
Wyoming Game and Fish Department Jackson Regional Office,
420 North Cache Street (upstairs library)
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2:00 – 4:00

Workshop: Lead-free ammunition demo and communication
tools
Jackson Hole Gun Club and Shooting Range, 5570 South US
Highway 89

4:00 – 7:00

Welcome table open

4:00 – 6:00

Poster session set-up

6:00 – 9:00

Poster session and evening social

WEDNESDAY, APRIL 13
7:00 – 8:00

Welcome table open

8:00 – 5:00

Sponsor booths

8:00 – 8:30

Welcome and opening remarks

8:30 – 9:30

Plenary: Riley Black, science writer and paleontologist

9:30 – 9:45

Coffee break

9:45 – 12:00

Oral presentations: Habitat Relationships

12:00 – 1:15

Student/professional networking lunch

1:15 – 2:45

Oral presentations: Migration and Movement

2:45 – 3:00

Coffee break

3:00 – 4:15

Oral presentations: Community Ecology and Capture Tests

4:30 – 5:30

Roundtable: Building inclusive professional spaces in the
wildlife field

6:00 – 9:00

Quiz bowl and evening social at the Lodge at Jackson Hole
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THURSDAY, APRIL 14
5:15 – 7:45

Field trip: Sage-grouse lek in Grand Teton National Park

8:00 – 5:00

Sponsor booths

8:00 – 8:05

Welcoming remarks and announcements

8:05 – 9:50

Oral presentations: Habitat Relationships II

9:50 – 10:05

Coffee break

10:05 – 12:05

Oral presentations: Migration and Movement II

12:05 – 1:15

WY-TWS President’s Lunch

1:15 – 2:45

Oral presentations: Population and Community Dynamics

2:45 – 3:15

Coffee break

3:15 – 4:15

Oral presentations: Management Challenges and Approaches

4:30 – 5:30

Roundtable: Integrating science and management

6:00 – 6:45

Happy hour

6:45 – 9:00

Banquet dinner

9:00 – 10:00

Closing social hour

FRIDAY, APRIL 15
8:00 – 10:00

Teton Raptor Center tours (sign up at the Sporting Lead-Free
booth)
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III. Code of Conduct
The WY-TWS conference provides opportunities for education, exchange of ideas, mentoring young conservationists,
networking with fellow wildlifers, and engagement with colleagues. Even as we recognize the importance of and
strive for diversity in our natural world, we acknowledge the contribution of individual diversity to our profession. In
this light and with the goal of ensuring that our conference is welcoming and inclusive for all, we expect attendees to
abide by the following code of conduct:
Expected behavior
• All participants should be treated with respect and consideration, valuing the diversity of views and opinions that
may be different than those you hold.
• Communicate with respect for others; critique ideas rather than individuals.
• Avoid personal attacks directed towards conference participants.
• Professionalism should be exercised at all time.
Unacceptable behavior*
• Harassment, threats, intimidation, or discrimination of any kind or in any form, in-person or on social media
platforms.
• Physical, verbal, or non-verbal abuse.
• Inappropriate comments related to gender, sexual orientation, disability, physical appearance, race, religion, or
national origin.
• Conduct of a stalking or threatening nature.
• Disruption of talks, presentations, or other activities organized by WY-TWS.
• Unlawful conduct or activity of any kind.
* Includes behavior at any conference event or associated activity, and directed toward any conference attendee,
speaker, exhibitor, or conference center or catering employee.
Reporting of Inappropriate Behavior
• If you are the subject of or witness conduct in violation of these guidelines please notify a board member:
• WY-TWS will use reasonable efforts to respond and attempt to resolve the matter in a timely manner respectful
of the parties and necessary to ensure the continued integrity and quality of the conference.
• Anyone experiencing or witnessing behavior that constitutes an immediate or serious threat to public safety in
the convention center or hotel is advised to locate a house phone and ask for security or dial 911.
WY-TWS reserves the right, in its sole and reasonable discretion, to have individuals acting in an unprofessional manner or contrary to these guidelines removed from the conference or any meeting or event taking place at the conference and the right to prohibit attendance at any future meeting. We appreciate your attention to these guidelines
and wish you a productive and meaningful conference!
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IV. COVID-19 Policy
The Board of WY-TWS is committed to offering an in-person conference that helps ensure the health,
safety and comfort of all participants. Ultimately, the decision to attend an in-person, indoor gathering during an on-going pandemic is your personal decision and depends upon your comfort and
acceptable level of risk. Moreover, the risk landscape is continuously evolving. Given the current
COVID situation, our current plan is therefore as follows:
•

•
•
•

•

Participants will be required to wear a mask during indoor conference activities including workshops, the poster session, talk sessions, and round tables. These events are marked with a mask
icon in the agenda. The mask requirement will be relaxed during times in which beverages or
food are being consumed (e.g., coffee breaks, lunches, banquet). Oral presenters may remove
their mask to deliver their presentation and answer questions. Individuals that need to take extra
precautions can temporarily space themselves away from unmasked individuals while eating or
drinking. This policy will help ensure that folks at higher risk from the virus can participate, feel
comfortable, and not feel singled out.
We will provide an N95 or KN95-type face mask for every participant at the welcome table for
those that may not have one.
Hand sanitizer will be available throughout the venue.
We encourage all participants to get vaccinated in advance if not already, and take a COVID-19
test within 48 hours of the conference. We will not be requiring proof of vaccination for participation, however. Wyoming residents can order free at-home, mail-in PCR tests from VAULT and/or
two free at-home tests from Covidtests.gov. Information also is available at the Wyoming Department of Health website.
All official conference activities including the Quiz Bowl evening will be held on-site in the conference center to help contain interactions to within participants.

Anyone experiencing Covid-19 symptoms or having a positive test result should not attend the
conference. If this occurs after the cancellation deadlines, we will work with you to issue you registration and hotel room refunds. We will continue to update the conference webpage about our
COVID-19 planning.

Photo: Sam May via Flickr
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V. Workshop Descriptions
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A GENTLE INTRODUCTION TO BAYESIAN STATISTICS FOR WILDLIFE SCIENTISTS
Tuesday April 12, 8:00 am — 5:00 pm
Instructors: Dr. Jason Carlisle (Science Research and Analytical Support unit, Wyoming Game and Fish Department) and Dr. Jared Studyvin (Department of Mathematics and Statistics, University of Wyoming)
Bayesian methods are increasingly used to analyze wildlife data. Although Bayesian methods have some
advantages over the classical (frequentist) methods many scientists are familiar with, Bayesian approaches
can be more difficult to implement and receive little coverage in traditional wildlife coursework and training. The aim of this workshop is to introduce participants to Bayesian statistics, with the expectation that
participants will become better-equipped consumers and producers of scientific inference based on Bayesian methods of data analysis. Hands-on exercises will be run in Program R using its interface to the Program
JAGS. We expect that participants will leave with an increased fluency to evaluate research based on
Bayesian statistics and with an increased capacity to learn and apply Bayesian methods in their own research.

THE PLANNING/NEPA PROCESS AND HOW IT PERTAINS TO WILDLIFE CONSERVATION ON
FEDERAL LANDS
Tuesday April 12, 8:00 am — 12:00 pm
Instructors: Don DeLong (Wildlife and Habitat Program Manager, West Zone – Bridger-Teton NF, Afton,
WY) and Mark Foster (Environmental Coordinator, Shoshone National Forest, Cody, WY)
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Do your eyes glaze over at the mere mention of the NEPA process? The reality is, however, that the decision-making (planning and NEPA) process is (1) the playing field upon which land-management biologists
do their jobs, and (2) the mechanism by which research results and state-biologist input get integrated
into land management or not. For biologists that want to influence what happens on-the-ground on federal lands and for scientists that want to do research that is directly relevant to land-management decisions, having a good working understanding of the decision-making process is a must.

SHARING SCIENCE: MESSAGING AND SHARED VALUES TO BUILD STAKEHOLDER TRUST
Tuesday April 12, 8:00 am — 12:00 pm
Instructor: Emily Reed (Associate Research Scientist, Wyoming Migration Initiative)
Most of us are in wildlife professions because we want to support wildlife populations through science.
As we know from personal experience, how we share science can make or break public meetings and collaborative projects. Effective scicomm can also have positive, long-term impacts on management and policies. And yet, mounting evidence shows that the default scicomm strategy — just share the facts —
doesn’t work. Still, many wildlife professionals rely on just sharing facts because we don’t have time, face
messaging constraints, or aren’t trained in evidence-based scicomm strategies.
During the workshop, you will work through three themes: (1) finding shared values, (2) wrangling jargon,
and (3) fine-tuning your message. Using evidence-based tools and concepts, you’ll draft a plan to share
science effectively while building trust and a sense of community amongst stakeholders.

THE POWER OF POSITIVE CONFLICT
Tuesday April 12, 1:00 pm — 5:00 pm
Instructors: Tara Kuipers (Tara Kuipers Consulting, Cody WY)
Conflict can spark necessary dialogue, increased understanding, and creative solutions. Yet when we
sense the possibility of conflict - differing perspectives, heightened stakes, and aroused emotions — many
of us do not express what we need to say, nor do we listen and respond appropriately to those around us.
This workshop will first help us understand ourselves and our typical responses to conflict situations. We
will apply knowledge of our conflict behaviors to better understand the nature of conflict and the conflictresolution cycle. Then, we will recognize the positive opportunity in conflict by generating ways to stay
curious, making the ‘invisible’ visible, and fueling productive, meaningful engagement — even in the most
challenging situations.

Photo: Embere Hall
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LEAD-FREE AMMUNITION DEMO AND COMMUNICATION TOOLS
Tuesday April 12, 2:00 pm — 4:00 pm
Instructors: Hannah Leonard (Outreach Coordinator, Sporting Lead-Free, Wilson WY) and Bryan Bedrosian (Director and Co-Founder, Sporting Lead-Free, Wilson WY)
Join Wyoming-based initiative, Sporting Lead-Free, for an afternoon at the shooting range to learn about
different ammunition types and how they impact non-target wildlife. During this demonstration, participants can shoot both lead and copper rifle ammunition at water tanks and collect the fragments and discuss the findings. Participants will learn about how to talk with hunters about switching to lead-free ammunition and gain a better understanding of the performance difference. Hearing and eye protection will
be provided. No need to shoot a firearm to participate, you will learn just as much from being an observer! This will take place outside, so please dress accordingly.
This workshop will take place at the Jackson Hole Gun Club and Shooting Range at 5570 South Highway
89, which is approximately a 10 minute drive from the Conference Center at the Lodge at Jackson Hole.
You must arrange your own transportation.

FIELD TRIP: SAGE-GROUSE LEK IN GRAND TETON NATIONAL PARK
Thursday April 14, 5:15 am — 7:45 am
Leaders: John Stephenson (Wildlife Biologist, Grand Teton National Park) and Bryan Bedrosian (Biologist,
Teton Raptor Center)
Join John Stephenson, wildlife biologist at Grand Teton National Park, and Bryan Bedrosian, biologist at
Teton Raptor Center, for an early morning field trip to view a sage-grouse lek! You will visit the Moulton
Lek on Antelope Flats in Grand Teton National Park, which typically hosts 20-50 strutting male sage
grouse. This trip will depart the hotel at approximately 5:15 am and return by 7:45 am. There is also a
strong possibility that you will see moose, elk, and bison during the trip. Please be prepared to walk approximately ¼ mile on flat terrain but through thick sagebrush to get to the observation point. The lek is
approximately ½ mile away from the observation point, but good views can be had through a spotting
scope. Several spotting scopes will be available to share, but please bring your own if you have one.

Photo: Embere Hall
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VI. Plenary Speaker
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Wyoming TWS is excited to welcome our plenary speaker for the 2022 conference: science
writer and paleontologist Riley Black.
“Out in the field: Making the wilderness safer for LGBTQIA+ people”
We carry a great deal into wilderness with us. There are the tents and jackets and gear, of
course, but also our beliefs and ideals – including who we feel is welcome in the outdoors.
Sadly, racism, sexism, and queerphobia don’t stop as soon as we step into a national park or
federal forest, and these attitudes have very real consequences for people from marginalized
communities who explore, study, and simply seek to enjoy the outdoors. In this session, author
and paleontologist Riley Black draws from her decade of field experience in the Intermountain
West and beyond to illuminate how to bust stereotypes and make wild places – whether for a
day hike or a long field excursion – safer and more fulfilling for LGBTQIA+ people. There is so
much joy to be found in nature, and all should be welcomed within the forests, mountains, and
deserts we love.
About Riley:
Riley has been a fossil fanatic since the time she was knee-high to a Stegosaurus. Her evolution
into a science writer and amateur paleontologist was only natural. Based in Salt Lake City, Utah,
right in the center of dinosaur country, she chases tales of vanished lives from museum
collections to remote badlands.
A prolific writer, Riley wrote her popular Laelaps blog for publications such as WIRED, National
Geographic, and Scientific American for more than a decade. And in a childhood dream come
true, Riley was also hired to be the "resident paleontologist" for Jurassic World. Between blogs,
Riley also freelances for a variety of publications - from National Geographic to Slate - and
writes books. Her books include Written in Stone, My Beloved Brontosaurus, Skeleton Keys, and
her newest book due out in spring 2022, The Last Days of the Dinosaurs.
Bio is abridged from Riley Black’s website, rileyblack.net
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VII. Detailed Agenda
Photo: Tom Koerner, USFWS

Abstracts for talks and posters are available in the online program. The presenting author is in
bold and student presenters are marked with an asterisk (*).

TUESDAY, APRIL 12
7:00 – 8:00

Welcome table open (name badges can be picked up at any time)

8:00 – 5:00

Workshop: A gentle introduction to Bayesian statistics for wildlife scientists
Cheyenne Room, Lodge at Jackson Hole Conference Center

8:00 – 12:00 Workshop: The planning/NEPA Process and how it pertains to wildlife
conservation on federal lands
Bridger Ballroom, Lodge at Jackson Hole Conference Center
8:00 – 12:00 Workshop: Sharing science: Messaging and shared values to build stakeholder
trust
Wyoming Game and Fish Department Jackson Regional Office, 420 N. Cache
Street (conference room)
1:00 – 5:00

Workshop: The power of positive conflict
Wyoming Game and Fish Department Jackson Regional Office, 420 N. Cache
Street (conference room)

1:00 – 4:00

Golden eagle working group meeting
Wyoming Game and Fish Department Jackson Regional Office, 420 N. Cache
Street (upstairs library)

2:00 – 4:00

Workshop: Lead-free ammunition demo and communication tools
Jackson Hole Gun Club and Shooting Range, 5570 South US Highway 89

4:00 – 6:00

Poster session set-up

4:00 – 7:00

Welcome table open (name badges can be picked up at any time)

6:00 – 9:00

Poster session and evening social
Light dinner and cash bar from Bistro Catering
Bridger Ballroom, Lodge at Jackson Hole Conference Center
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WEDNESDAY, APRIL 13
7:00 – 8:00

Welcome table open (name badges can be picked up at any time)

8:00 – 5:00

Sponsor booths

8:00 – 8:30

Welcome and opening remarks: Aly Courtemanch, WY-TWS President

8:30 – 9:30

Plenary: Riley Black, science writer and paleontologist
“Out in the Field: Making Wilderness Safer for LGBTQIA+ People”

9:30 – 9:45

Coffee break – Sponsored by the Haub School of Environment and Natural
Resources at the University of Wyoming

SESSION I: HABITAT RELATIONSHIPS
Moderator: Andrea Orabona
9:45 – 10:00 INSECT ATTRACTION TO WIND TURBINES: CURRENT KNOWLEDGE AND FUTURE
AVENUES OF RESEARCH; Michelle Weschler* and Lusha Tronstad
10:00 – 10:15 HABITAT SELECTION OF AN ISOLATED POPULATION OF THE WOOD FROG
(LITHOBATES SYLVATICUS) IN WYOMING; Katrina Cook*, Lusha Tronstad, and
Anna Chalfoun
10:15 – 10:30 LINKING LANDSCAPE FEATURES AND SEASONAL HABITATS TO SHARP-TAILED
GROUSE LEK OCCURRENCE AND ATTENDANCE; Jonathan Lautenbach*, Aaron
Pratt, and Jeffrey Beck
10:30 – 10:45 EVALUATING RECOMMENDED SURFACE DISTURBANCE GUIDELINES WITHIN
GREATER SAGE-GROUSE WINTER CONCENTRATION AREA; Caitlyn Wanner*,
Kurt Smith, Aaron Pratt, Jeffrey Beck
10:45 – 11:00 VARIATION IN HABITAT SELECTION ACROSS MULTIPLE SPATIOTEMPORAL
SCALES BY GREAT GRAY OWLS (STRIX NEBULOSA); Katherine Gura*, Bryan
Bedrosian, and Anna Chalfoun
11:00 – 11:15 FERRUGINOUS HAWK HOME RANGE AND HABITAT USE DURING THE
BREEDING SEASON IN WESTERN WYOMING; Sarah Ramirez*, Bryan Bedrosian,
Liba Pejchar, and Dale Woolwine
11:15 – 11:30 EVIDENCE OF CONTEXT-DEPENDENT HABITAT SELECTION BY NORTHERN LONGEARED BATS; Ellen Whittle*, Ian Abernethy, and Anna Chalfoun
11:30 – 11:45 HETEROGENEITY IN RISK-SENSITIVE ALLOCATION OF SOMATIC RESERVES IN A
LONG-LIVED MAMMAL; Rachel Smiley*, Brittany Wagler, Tayler LaSharr,
Kristin Denryter, Thomas Stephenson, Alyson Courtemanch, Tony Mong, Daryl
Lutz, Doug McWhirter, Doug Brimeyer, Patrick Hnilicka, Blake Lowrey, and
Kevin Monteith
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11:45 – 12:00 BEARS, BAITS, AND BERRIES: HOW DOES RESOURCE AVAILIBILITY INFLUENCE
SPATIOTEMPORAL BEHAVIOR OF BLACK BEARS; Emily Davis*, Dan Bjornlie,
Ryan Kindermann, Daniel Thompson, and Joseph Holbrook
12:00 – 1:15 Student/professional networking pizza luncheon or lunch on your own

SESSION II: MIGRATION AND MOVEMENT
Moderator: Tayler LaSharr
1:15 – 1:30

WHAT DOES THE FOX SAY? AN ASSESMENT OF SPACE USE AND MOVEMENT
FOR ROCKY MOUNTAIN RED FOX WITHIN GRAND TETON NATIONAL PARK;
Emily Burkholder*, John Stephenson, David Gustine, Sarah Hegg, and Joseph
Holbrook

1:30 – 1:45

HOW DO UNGULATES LEARN TO MIGRATE? A CENTURY-LONG CASE STUDY
WITH YELLOWSTONE BISON; Janey Fugate*, Chris Geremia, and Matthew
Kauffman

1:45 – 2:00

INCORPORATING SPATIAL LEARNING INTO MOVEMENT MODELS FOR NAÏVE
ANIMALS IN A NOVEL ENVIRONMENT; Tana Verzuh*, Karsten Heuer, and Jerod
Merkle

2:00 – 2:15

HOW SAMPLING DESIGN INFLUENCES CONSISTENCY OF MULE DEER
MIGRATION CORRIDORS OVER TIME; Emily Gelzer*, Justine Becker, Samantha
Dwinnel, Gary Fralick, Embere Hall, Rusty C. Kaiser, Matthew Kauffman, Tayler
Lasharr, Kevin Monteith, Anna Ortega, Jill Randall, Hall Sawyer, Mark Thonhoff,
and Jerod Merkle

2:15 – 2:30

ONE HERD, MANY MIGRATORY STRATEGIES: A TEST OF THE FITNESSBALANCING HYPOTHESIS WITH MULE DEER; Anna Ortega*, Kevin Monteith,
and Matthew Kauffman

2:30 – 2:45

BARRIER REMOVAL AT CORRIDOR BOTTLENECK IMPROVES PERFORMANCE OF
A MIGRATORY MULE DEER HERD; Luke Wilde*, Anna Ortega, Hall Sawyer, and
Matthew Kauffman

2:45 – 3:00

Coffee break

SESSION III: COMMUNITY ECOLOGY AND CAPTURE TESTS
Moderator: Jeffrey Beck
3:00 – 3:15

MOVING POLLEN IN THE SAGEBRUSH STEPPE: POLLINATION NETWORKS IN
PLANT COMMUNITIES SUPPORTING 3 RARE PLANTS; Madison Crawford*, Joy
Handley, and Lusha Tronstad

3:15 – 3:30

GENERALIZED SHIFTS IN HABITAT SELECTION BY A PREDATOR FOLLOWING A
DRAMATIC DECREASE IN PREY ABUNDANCE; Mitchell Brunet*, Kevin Monteith,
Katey Huggler, Daniel Thompson, Patrick Burke, Mark Zornes, Patrick
Lionberger, Miguel Valdez, and Joseph Holbrook
15

3:30 – 3:45

USING KILL SITE DATA TO REVEAL HOW HUMANS CHANGE PREDATION RISK
FOR NATIVE UNGULATES; Kristin Barker*, Arthur Middleton, Mike Boyce, Eric
Cole, Doug McWhirter, Ken Mills, John Stephenson, Ben Wise

3:45 – 4:00

EFFECTS OF HELICOPTER NET-GUNNING ON SURVIVAL OF BIGHORN SHEEP;
Brittany Wagler*, Rachel Smiley, Alyson Courtemanch, Gregory Anderson,
Daryl Lutz, Doug McWhirter, Doug Brimeyer, Patrick Hnilicka, Cody Massing,
David German, Thomas Stephenson, and Kevin Monteith

4:00 – 4:15

HELICOPTER-BASED IMMOBILIZATION OF MOOSE USING BUTORPHANOLAZAPERONE-MEDETOMIDINE; Rebecca Levine*, Samantha Dwinnell, Bart
Kroger, Corey Class, and Kevin Monteith

4:30 – 5:30

Roundtable discussion: Building Inclusive Professional Spaces in the Wildlife
Field
Moderator: Aly Courtemanch, WY-TWS President
Panelists: Samantha Allen and Jill Randall, Wyoming Game and Fish
Department; Justine Becker, University of Wyoming; Riley Black, science writer
and paleontologist; and Tricia O’Connor, U.S. Forest Service

6:00 – 9:00

Quiz bowl and evening social
Dinner provided by Sweet Cheeks Meat and cash bar by Bistro Catering
Lodge at Jackson Hole Conference Center

THURSDAY, APRIL 14
5:15 – 7:45

Field trip: Sage-grouse lek in Grand Teton National Park
Meet in Lodge at Jackson Hole Hotel Lobby at 5:15 am; must provide your own
transportation to the field

8:00 – 5:00

Sponsor booths

8:00 – 8:05

Welcoming remarks and announcements

SESSION IV: HABITAT RELATIONSHIPS II
Moderator: Lusha Tronstad
8:05 – 8:20

NEEDLE IN A HAYSTACK: STUDYING A TINY AQUATIC BEETLE IN WYOMING’S
SALTY, INTERMITTENT STREAMS; Audrey Lindsteadt and Lusha Tronstad

8:20 – 8:35

THE AVAILABILITY OF SAGE-GROUSE PREY DURING BROOD-REARING VARIED
AMONG YEARS AND WITH VEGETATION STRUCTURE; Lusha Tronstad, George
Jones, Joy Handley and Paige Copenhaver-Parry

8:35 – 8:50

DEVELOPMENT OF MANAGEMENT RECOMMENDATIONS FOR GREATER SAGEGROUSE WINTER CONCENTRATION AREAS; Jeffrey Beck, Aaron Pratt, Caitlyn
Wanner, and Kurt Smith
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8:50 – 9:05

INTEGRATED MODELING AND HABITAT PRIORITIZATION FOR GOLDEN EAGLES
IN WYOMING: INCORPORATING ALL LIFE-HISTORY GROUPS; Bryan Bedrosian,
Zach Wallace, Brian Woodbridge, Jeffery Dunk, and Dave LaPlante

9:05 – 9:20

INTER HOME RANGES OF ROUGH-LEGGED HAWKS TAGGED IN WYOMING; Julie
Polasik, Bryan Bedrosian, Steve Cain, John Stephenson, and Jeff Kidd

9:20 – 9:35

ALPINE SONGBIRD HABITAT ASSOCIATIONS AMIDST A CHANGING CLIMATE;
Carl Brown, Nick Rosenberger, Ken Gerow, Gabriel Barrile, and Anna Chalfoun

9:35 – 9:50

MULE DEER SELECTION OF HABITAT TREATMENTS IN SAGEBRUSH AND ASPEN
ECOSYSTEMS; Kyle Ebenhoch, Aaron Johnston, J. Terrill Paterson, Kevin
Monteith, Hall Sawyer, Troy Fieseler, Jill Randall, Geneva Chong, and Matthew
Kauffman

9:50 – 10:05 Coffee break

SESSION V: MIGRATION AND MOVEMENT II
Moderator: Mike LaForge
10:05 – 10:20 TRANSCONTINENTAL TRAVEL: MIGRATION OF WYOMING'S BURROWING OWLS
ACROSS NORTH AMERICA; Andrea Orabona, and Courtney Conway
10:20 – 10:35 SPATIOTEMPORAL VARIATION IN HABITAT EXPLAINS MOVEMENT STRATEGIES
OF PRONGHORN; Justine Becker, Jeffrey Beck, L. Embere Hall, Matthew
Kauffman, Hall Sawyer, and Jerod Merkle
10:35 – 10:50 WIND-ENERGY DEVELOPMENT ALTERS PRONGHORN MIGRATION AT MULTIPLE
SCALES; Megan Milligan, Aaron Johnston, Jeffrey Beck, Kaitlyn Taylor, L.
Embere Hall, Lee Knox, Teal Cufaude, Cody Wallace, Geneva Chong, and
Matthew Kauffman
10:50 – 11:05 TESTING THE POTENTIAL OF STREAMFLOW DATA TO PREDICT SPRING
MIGRATION OF AN UNGULATE HERD; Cheryl Eddy-Miller, Jason Alexander, and
Marissa Murr
11:05 – 11:20 FUTURE ALTERED PLANT PHENOLOGY PROJECTED TO REDUCE BENEFIT OF
MIGRATION FOR MULE DEER; Tabitha Graves, Ethan Berman, Ellen Aikens,
Geneva Chong, Sarah Dewey, Troy Fieseler, Gary Fralick, Aaron Johnston,
Matthew Kaufman, Jerod Merkle, Kevin Monteith, Jill Randall, Imtiaz
Rangwala, and David Wood
11:20 – 11:35 HIDDEN MARKOV MOVEMENT MODELS REVEAL DIVERSE SEASONAL
MOVEMENT PATTERNS IN TWO NORTH AMERICAN UNGULATES; J. Terrill
Paterson, Aaron Johnston, Anna Ortega, Cody Wallace, and Matthew
Kauffman
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11:35 – 11:50 PLASTICITY AND INDIVIDUAL DIFFERENCES IN SPRING MIGRATION TIMING AND
FORAGE SELECTION IN WYOMING UNGULATES; Michel Laforge, Eric Vander
Wal, Quinn Webber, Chris Geremia, Matthew Kauffman, Arthur Middleton,
Kevin Monteith, Anna Ortega, Hall Sawyer, and Jerod Merkle
11:50 – 12:05 RESPONSE OF WOLVES TO RECREATIONAL HUNTING AND ANTHROPOGENIC
SUBSIDIES IN GRAND TETON NATIONAL PARK; Elizabeth Templin, Kristin
Barker, David Gustine, John Stephenson, Sarah Dewey, and Arthur Middleton
12:05 – 1:15 WY-TWS President’s Lunch or lunch on your own
- Updates from WY-TWS board and committee chairs
- Update from TWS Council: Andrea Orabona
- Open discussion with membership
Catering by Annie’s Thai Kitchen

SESSION VI: POPULATION AND COMMUNITY DYNAMICS
Moderator: Bob Lanka
1:15 – 1:30

2021 WYOMING STATEWIDE FLAMMULATED OWL SURVEYS; Don Jones, Zach
Wallace, Bryan Bedrosian, Julie Polasik, and Alison Swan

1:30 – 1:45

POWER ANALYSIS FOR RARE SPECIES MONITORING: AN EXAMPLE USING
RAPTORS; Zach Wallace, John Squires, Lucretia Olson, Jamie Sanderlin, and
Zack Walker

1:45 – 2:00

EVALUATING NON-TRADITIONAL APPROACHES TO MONITOR A SMALL AND
REMOTE BIGHORN SHEEP POPULATION; Carson Butler, Sarah Dewey, Rachel
Crowhurst, Clinton Epps, Alyson Courtemanch, Mary Conner, and Michael
Whitfield

2:00 – 2:15

UNDERSTANDING SOURCE AND SEASONALITY OF MYCOPLASMA BOVIS IN
WYOMING FREE-RANGING PRONGHORN (ANTILOCAPRA AMERICANA);
Marguerite Johnson, Madison Blaeser, Erin Schwalbe, Halcyon Killion, Amy
Wray, Christopher MacGlover, Hank Edwards, Samantha Allen, Kerry
Sondgeroth, and Jennifer Malmberg

2:15 – 2:30

FAT CHANCE FOR DEER? EXAMINING MULE DEER BEHAVIOR AND BODY FAT AS
A FUNCTION OF ELK IN SOUTHWESTERN WYOMING; Heather Abernathy,
Katie Huggler, Patrick Burke, Mark Zornes, Patrick Lionberger, Miguel Valdez,
and Kevin Monteith

2:30 – 2:45

FLOWERING TIME ADVANCES SINCE THE 1970S IN A SAGEBRUSH STEPPE
COMMUNITY: IMPLICATIONS FOR MANAGEMENT AND RESTORATION; Trevor
Bloom, Donal O’Leary, and Corinna Riginos

2:45 – 3:15

Coffee break
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SESSION VII: MANAGEMENT CHALLENGES AND APPROACHES
Moderator: Embere Hall
3:15 – 3:30

CAN SEED ENHANCEMENT TECHNOLOGIES IMPROVE WILDLIFE HABITAT
RESTORATION? Maggie Eshleman, Corinna Riginos, Owen Baughman, Chris
Donovan, Olga Kildisheva, and Andrew Olsen

3:30 – 3:45

SPACEBORNE LIDAR AND ANIMAL-ENVIRONMENT RELATIONSHIPS: AN
ASSESSMENT FOR FOREST CARNIVORES AND THEIR PREY IN THE GREATER
YELLOWSTONE ECOSYSTEM; Austin Smith, Jody Vogeler, Nichole Bjornlie, John
Squires, Neal Swayze, and Joseph Holbrook

3:45 – 4:00

WILDLIFE-VEHICLE COLLISIONS CONTINUE TO RISE IN WYOMING; Corinna
Riginos and Jill Randall

4:00 – 4:15

TRADEOFFS WITH UTILITY-SCALE SOLAR DEVELOPMENT AND UNGULATES ON
WESTERN RANGELANDS; Hall Sawyer, Nicole Korfanta, Matthew Kauffman,
Benjamin Robb, Andrew Telander, and Todd Mattson

4:30 – 5:30

Roundtable discussion: Integrating science and management
Moderator: Anna Chalfoun, WY-TWS President-Elect
Panelists: Andrea Orabona and Doug McWhirter, Wyoming Game and Fish
Department; Don DeLong and Liz Davy, U.S. Forest Service; Destin Harrell,
Bureau of Land Management, and Sarah Dewey, National Park Service

6:00 – 6:45

Happy hour, silent auction open, games, raffle tickets on sale
Cash bar by Bistro Catering

6:45 – 9:00

Banquet dinner
- Remarks by Ed Arnett, TWS CEO
- WY-TWS awards and recognitions
- Best student poster and oral presentation awards
- Silent auction and raffle
- Live auction of Aldo Leopold 100% anniversary commemorative print
Mexican buffet and cash bar by Bistro Catering
Lodge at Jackson Hole Conference Center

9:00 – 10:00 Closing social hour
Cash bar by Bistro Catering

FRIDAY, APRIL 15
8:00 – 10:00 Teton Raptor Center tours (sign up at Sporting Lead-Free booth)
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VIII. Posters

Photo: Tom Koerner, USFWS

Abstracts for talks and posters are available in the online program. The presenting author is in
bold and student presenters are marked with an asterisk (*).
EVALUATING PATTERNS AND DRIVERS OF CATTLE DEPREDATION AND PRODUCERDEPREDATION-DETECTION RATES IN THE ABSAROKA RANGE, WYOMING
Clint Atkinson*, Arthur D. Middleton, Dan Thompson, Frank T. van Manen
SMALL MAMMALS AREN’T WHY YOU CAN’T FIND SHEDS: MINIMAL EVIDENCE FOR
OSTEOPHAGY IN WESTERN WYOMING
Katie Bearden, Rhiannon P. Jakopak, Kevin L. Monteith
CHALLENGES AND SUCCESSES FOR COMMUNITY SCIENCTISTS GATHERING POLLINATOR
INFORMATION
Christine Bell*, Madison Crawford, Zoe Short, Lusha Tronstad
COMMON LOON DISTURBANCE MONITORING THROUGH BIOACOUSTICS
Carl W. Brown, Lucas Savoy, Dave C. Evers
NICHE SPACE OF YELLOWSTONE UNGULATES
Molly Caldwell*, Chris Geremia, Daniel Stahler, Daniel MacNulty, Douglas Smith, and Jerod
Merkle
UTILIZATION OF TRANSPORTATION STRUCTURES BY BATS IN WYOMING
Logan Detweiler*, Riley Bernard
POLLINATORS LIMIT SEED PRODUCTION IN AN EARLY BLOOMING RARE PLANT, BARNEBY’S
CLOVER (TRIFOLIUM BARNEBYI), IN CENTRAL WYOMING
Joy Handley and Lusha Tronstad
A THREATENED PLANT IS LIMITED BY LOW SEED PRODUCTION AND DECLINING POPULATIONS
Joy Handley and Lusha Tronstad
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EVALUATING EFFECTS OF LANDSCAPE CHANGE ON MULE DEER IN WYOMING SAGEBRUSH
ECOSYSTEMS
Teagan Hayes, Tabitha Graves, Aaron Johnston, Matthew Kauffman, Embere Hall, Jill Randall
INFECTION RATES AND EFFECTS OF ECTOPARASITES ON DECLINING SAGEBRUSH SONGBIRDS
Don Jones* and Anna Chalfoun
EFFECTS OF LIFE-HISTORY AND FIDELITY ON MORTALITY DURING MIGRATION
Taylor Kennah*, Tayler N. LaSharr, and Kevin L. Monteith
WITH GREAT POWDER COMES GREAT RESPONSIBILITY: SIERRA NEVADA BIGHORN SHEEP
RESPONSE TO BACKCOUNTRY SKIING
Jaron T. Kolek*, Thomas R. Stephenson, Kevin L. Monteith
FULL ANNUAL CYCYLE ECOLOGY: EVALUATING SEASONAL MOVEMENTS OF MULE DEER, ELK
AND MOOSE LIVING IN A COMMON ENVIRONMENT
Carolyn A. Kyle*, Tim Thomas, Sam Stephens, Abel Guevara, and Matthew J. Kauffman
A DAY IN THE LIFE OF A GAME WARDEN
Kyle Lash
HABITAT SELECTION AND SPACE USE OF MIGRATORY GOLDEN EAGLES (AQUILA CHRYSTAETOS)
IN WYOMING DURING WINTER
Joshua F. Layfield*, Anna D. Chalfoun, Bryan E. Bedrosian, Jerod A. Merkle
MATERNAL DAY-ROOST SELECTION AND INTER- AND INTRA-ANNUAL ROOST USE BY NORTHERN
LONG-EARED BATS
Renee Lile*, Riley Bernard, and Ian Abernethy
EVALUATING MOOSE MOVEMENT STRATEGIES AND HABITAT USE ACROSS DISPARATE
LANDSCAPES
Lindsay A. Martinez*, Tim Thomas, Zack Turnbull, Cheyenne Stewart, Sam Stephens, Corey
Class, and Matthew J. Kauffman
POST-RELEASE MOVEMENT BY WYOMING SWIFT FOXES TRANSLOCATED TO THE FORT BELKNAP
RESERVATION, MT
Dana Nelson*, Hila Shamon, William J. McShea, Melissa Songer, Nucharin Songsasen, Harold
Main, Timothy Vosburgh, and David S. Jachowski
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WYOMING WILDLIFE FELLOWSHIP: COLLABORATION TODAY FOR TOMORROW'S WILDLIFE
Ryen Nielsen*, Steven Antonio, Macy Jacobson, Dani Jones, Rhiannon P. Jakopak, Kevin L.
Monteith
RAPTOR & CORVID REHABILITATION IN WYOMING & EASTERN IDAHO
Sheena Patel
OPERATIONAL INVASIVE ANNUAL GRASS MANAGEMENT SUCCESSES: A WILDLIFE, POLLINATOR,
AND WILDFIRE PERSPECTIVE
Steve Saunders, Derek Sebastian, Jim Sebastian, Rex Lockman
GROUP DYNAMICS AND SOCIALITY OF MIGRATORY MULE DEER
Anne E. Scholle* and Jerod A. Merkle
SAGEBRUSH SONGBIRD DEMOGRAPHY ACROSS THE FULL ANNUAL CYCLE AND CARRYOVER
EFFECTS OF BREEDING HABITAT CHANGES
Emily Shertzer*, Anna Chalfoun
WHAT HABITATS ARE BUTTERFLIES OF MANAGEMENT CONCERN USING IN WYOMING?
Zoe Short*, Madison Crawford, Lusha Tronstad
DO PRECOCIOUS LIFE HISTORY TRAITS EXTEND TO SECONDARY SEXUAL CHARACTERISTICS IN
PRONGHORN?
Lee Tafelmeyer* and Pronghorn Harvest Project Collaborators
NEIGHBORS TO NATURE – CACHE CREEK STUDY
Hilary Turner, Kate Gersh, Courtney Larson, Trevor Bloom, Linda Merigliano, Tim Farris, Chris
Owen
DOODY & THE BEAST: AN ADAPTIVE APPROACH FOR USING FECAL DNA TO ESTIMATE DENSITY
OF A PATCHILY DISTRIBUTED UNGULATE
Jeffrey Wagner*, David Christianson, Melanie Murphy
HOW DO JUVENILE UNGULATES LEARN TO MIGRATE?
Cody Wallace*, Embere Hall, Justin Binfet, Teal Cufaude, Lee Knox, Martin Hicks, Heather
O’Brien, Rob Shipe, and Matthew J. Kauffman
TETON RAPTOR CENTER'S POO-POO PROJECT: A CONSERVATION AND EDUCATION PROJECT
Meghan Warren, Amanda Penn
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IX. Award Winners

Photo: BLM Wyoming via Flickr

Roger Wilson Lifetime Achievement: Recognizes an outstanding wildlife professional that has
tirelessly dedicated themselves throughout their career to promoting wildlife values,
conservation, education, and advancing the science of wildlife management. This award was renamed after our first chapter president on the chapter’s 40th anniversary in 2014.
2020 Awardee: Timothy Woolley, Wyoming Game and Fish Department (retired)
2021 Awardee: Frank Blomquist, Bureau of Land Management (retired)
Professional of the Year: Recognizes a wildlife professional who best exemplifies values
consistent with The Wildlife Society code of ethics and makes outstanding contributions to the
wildlife profession in Wyoming in the given year. Contributions include excellence in research,
management, public relations, and/or policy.
2020 Awardee: Chris Colligan, Greater Yellowstone Coalition
2021 Awardee: Embere Hall, Wyoming Game and Fish Department
Citizen of the Year: Recognizes an individual who does not have a 'wildlife' job but whose
efforts directly benefit wildlife and/or associated habitats. Previous recipients range from
science teachers to Governors.
2020 Awardee: Amy Ramage, Teton County Engineering Services Department
2021 Awardee: Julie Hugel, volunteer with Jackson Hole Wildlife Foundation
2021 Graduate Student Scholarship Winners
Mitchell Brunet
Emily Burkholder
Molly Caldwell

Katherine Gura
Renee Lile
Jeff Wagner
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X. Oral Presentation Abstracts
Listed in order of presentation (grouped by session), with presenting author in bold
* denotes student

Wednesday Presentations

Photo: Tom Koerner, USFWS

SESSION I: HABITAT RELATIONSHIPS
9:45 AM – 12:00 PM
INSECT ATTRACTION TO WIND TURBINES: CURRENT KNOWLEDGE AND FUTURE AVENUES OF RESEARCH
Michelle Weschler* (1) and Lusha Tronstad (1)
(1) Wyoming Natural Diversity Database and Department of Zoology and Physiology, University of
Wyoming, Laramie, WY
Wind power generated 8.3% of the United States’ total electricity in 2020 and this number is projected
to grow with billions of dollars being invested in new wind projects annually. Bird and bat mortality is
cited as a primary ecological concern regarding the proliferation of wind power, but little is known about
the interactions between wind turbines and insects. Insect abundance at wind facilities may interfere
with normal operation by attracting birds and bats, as well as significantly decreasing the output of
individual turbines. Insects may be attracted to turbines due to their placement on the landscape, their
coloration and shape, their heat output, or the lighting of the wind energy facilities. Furthermore,
insects that fly at elevations above the flight boundary level may be more likely to strike turbines,
creating debris which can lower the efficiency of wind turbines. Identifying what we know about these
interactions and highlighting the gaps in our knowledge is important as implementation of wind power
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grows across the globe. We are reviewing the state of the literature directly investigating insects and
wind energy facilities, and aim to explain and evaluate hypotheses regarding insect attraction to
turbines. We have found evidence for insect attraction to turbines due to their paint color, shape, and
lighting, as well as information on what taxa of insects are found at heights where they are vulnerable to
striking turbines. This is a critically understudied topic of research, and worth further investigation as
concerns about insect conservation and decline move further into the spotlight. Examining and
compiling this information will provide a succinct resource for those researching mitigation and
management strategies to minimize interactions with insects and increase power production, and will
inform conservation agencies on what insects may be most vulnerable to the rapid expansion of wind
technologies.
HABITAT SELECTION OF AN ISOLATED POPULATION OF THE WOOD FROG (LITHOBATES SYLVATICUS) IN
WYOMING
Katrina Cook* (1), Lusha Tronstad (2), and Anna Chalfoun (3)
(1) Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology,
University of Wyoming, Laramie, WY
(2) Wyoming Natural Diversity Database, University of Wyoming, Laramie, WY
(3) U.S. Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of
Zoology and Physiology, University of Wyoming, Laramie, WY
Isolated populations are geographically separated from the species’ more contiguous range due to
distance or barriers, and may be particularly susceptible to threats such as habitat degradation or
disease. Amphibians have experienced population declines and extirpations worldwide from habitat
change and pathogens such as the chytrid fungus. Understanding the habitat requirements and
prevalence of disease in understudied populations is therefore essential for effective management and
species’ persistence. Moreover, the extent to which individual amphibians can selectively lessen the
negative effects of disease via microhabitat choices remains unknown. The wood frog (Lithobates
sylvaticus) is a glacial relict species in Wyoming, found only within the Snowy and Bighorn Mountain
ranges. The wood frog is listed as a Species of Greatest Conservation Need in the State Wildlife Action
Plan due to a lack of information about key habitat requirements and response to disease
(chytridiomycosis). We are addressing knowledge gaps by identifying habitat characteristics selected by
adult wood frogs across multiple seasonal stages (breeding, foraging, overwintering), spatial scales
(microsite and pond level), and with variation in disease status. We conducted radio telemetry of 170
wood frogs at five sites in the Snowy Mountains across the 2020 and 2021 field seasons. For each frog’s
relocation we collected a chytrid sample and microhabitat attributes. Habitat characteristics were also
measured at three random locations within 20 meters of each frog’s location. On average, wood frogs
moved 19 meters between relocations and some individuals switched disease status over the sampling
period. Frogs mainly selected forest or pond edges for overwintering. Our study will provide managers
with key information about habitat characteristics selected by wood frogs, and identify additional
microhabitats used for clearing themselves of infection. More broadly, our study will increase
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understanding of the ecology of isolated populations and interactions between animal behavior, habitat,
and disease susceptibility.
LINKING LANDSCAPE FEATURES AND SEASONAL HABITATS TO SHARP-TAILED GROUSE LEK OCCURRENCE
AND ATTENDANCE
Jonathan D. Lautenbach* (1, 2), Aaron C. Pratt (2, 3), and Jeffrey L. Beck (1, 2)
(1) Program in Ecology, University of Wyoming, Laramie, Wyoming, USA
(2) Department of Ecosystem Science and Management, University of Wyoming, Laramie, Wyoming,
USA
(3) George Miksch Sutton Avian Research Center, Bartlesville, Oklahoma, USA
A greater understanding of why leks occur at certain sites over others has important conservation
implications, especially in lekking grouse species where population monitoring and habitat management
centers around lek locations. The lek hotspot hypothesis predicts that leks will be located in areas where
males are more likely to encounter females. To identify where leks are placed and if they are placed in
areas more likely to be frequented by female sharp-tailed grouse (Tympanuchus phasianellus), we
evaluated habitat selection and quality (modeled by nest, brood, and adult female winter survival) for
nesting, brood-rearing, and wintering female sharp-tailed grouse in south-central Wyoming (20172020). We compared habitat selection (evaluated using resource selection functions) and quality
(evaluated using survival probability functions) across life-history stages for 213 VHF-marked females to
24 known lekking locations to evaluate whether habitat selection or quality influenced lek occurrence
and male lek attendance. Female habitat selection and survival were influenced by vegetation and
topographic conditions—we used influential covariates from each model to generate predictive surfaces
of habitat selection and quality for each life-history stage. Vegetation and topographic features best
predicted lek occurrence and male lek attendance. However, probability of lek occurrence increased as
probability of nest habitat selection within 400-m of leks increased. Male lek attendance increased as
nesting habitat quality within 800-m increased and male lek attendance decreased as winter habitat
quality for females within 400-m increased. Our research supports the lek hotspot hypothesis in that
sharp-tailed grouse lek sites were surrounded by nesting habitat, where more females were likely to
occur. Our results also support managing for nesting habitat in areas surrounding sharp-tailed grouse
leks and provide evidence to suggest that leks with greater counts have more nesting and wintering
habitat surrounding them.
EVALUATING RECOMMENDED SURFACE DISTURBANCE GUIDELINES WITHIN GREATER SAGE-GROUSE
WINTER CONCENTRATION AREAS
Caitlyn P. Wanner* (1), Kurt T. Smith (1, 2), Aaron C. Pratt (1, 3), Jeffrey L. Beck (1)
(1) Department of Ecosystem Science Management, University of Wyoming, Laramie, WY
(2) Western EcoSystems Technology, Inc., Laramie, WY
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(3) George Miksch Sutton Avian Research Center, Bartlesville, OK
The purpose of our research was to validate the applicability of management recommendations for
winter concentration areas used by greater sage-grouse (Centrocercus urophasianus), by assessing how
well those recommendations may be applied in areas with no data. Management recommendations are
being developed based on results from modeling our team conducted to better inform Wyoming’s Core
Area policy regarding sage-grouse winter habitat and response to surface disturbance during winter. We
gathered location data from females with GPS transmitters across winters 2018/2019, 2019/2020, and
2020/2021 in the South Red Desert of Wyoming. We used a resource selection function (RSF) framework
designed to assess the influence of anthropogenic disturbance relative to winter habitat selection. We
modeled winter habitat selection at the scales of winter home range and within winter home range. We
assessed variables within 8 nested circular regions (between 0.1–10.0 km) to determine scales of
selection. We compared results with a statewide model and a model representing a nearby region to
determine whether statewide or near-region models were better predictors of sage-grouse habitat use.
Our results supported the notion that sage-grouse select baseline environmental conditions but with
some regional variability in avoidance based on current amounts of disturbance. Across all disturbance
types and circular regions, mean surface disturbance at grouse-use locations did not exceed 2.5% in the
South Red Desert, compared to 7.0% statewide and 5.0% in the near-region model. We predicted
occupancy in the South Red Desert using coefficients from the near-region and statewide model and
found that the statewide model better predicted sage-grouse occupancy at the home-range scale, while
the near-region model better predicted occupancy at the within home range scale. Our findings lend
support for expanding Wyoming’s Core Area policy to limit development projects to a low level of
surface disturbance within core sage-grouse winter habitat.
VARIATION IN HABITAT SELECTION ACROSS MULTIPLE SPATIOTEMPORAL SCALES BY GREAT GRAY OWLS
(STRIX NEBULOSA)
Katherine Gura* (1), Bryan Bedrosian (2), Anna Chalfoun (3)
(1) Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology,
University of Wyoming, Laramie, WY
(2) Teton Raptor Center, Wilson, WY
(3) US Geological Survey and Wyoming Cooperative Fish and Wildlife Research Unit, Department of
Zoology and Physiology, University of Wyoming, Laramie, WY
Habitat selection can differ across spatial and temporal scales, in response to varying selective
pressures. Studies that explicitly incorporate multiple relevant spatiotemporal scales therefore
strengthen understanding of important resources for a species. We quantified the resource selection of
Great Gray Owls across multiple spatial (home range and within-home-range) and temporal (breeding
and non-breeding seasons; day and night) scales in western Wyoming, USA. Between 2017 ̶ 2021 we
outfitted owls (n = 47) with GPS transmitters that collected multiple locations per day. We created
Resource Selection Functions using Generalized Linear Mixed Models and remotely-sensed data. We
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observed different patterns of resource selection across the assessed spatial and temporal scales. Owls
tended to place breeding home ranges within areas that were predominantly forested with northerly
aspects, and avoided developed and herbaceous habitats. During the non-breeding season, we
observed a switch in favor of developed areas, wooded and herbaceous wetlands, and southerly aspects
suggesting that developed, riparian forest and south-facing slopes provide important winter habitat.
Within home ranges during the breeding season, owls avoided herbaceous wetlands during the day but
selected strongly for them at night, indicating context-dependent habitat selection and that open
wetlands comprise important foraging areas. Determining resource requirements at multiple scales can
facilitate more effective conservation of Great Gray Owls and their resources. In general, habitat
selection studies that incorporate scale dependence can lead to more accurate inferences about
species-habitat relationships.
FERRUGINOUS HAWK HOME RANGE AND HABITAT USE DURING THE BREEDING SEASON IN WESTERN
WYOMING
Sarah Ramirez* (1), Bryan Bedrosian (2), Liba Pejchar (1), and Dale Woolwine (3)
(1) Colorado State University, Fort Collins, CO
(2) Teton Raptor Center, Wilson, WY
(3) Bureau of Land Management, Pinedale, WY
The Ferruginous Hawk (Buteo regalis) is considered an understudied species that some suggest is
sensitive to habitat loss and fragmentation from energy development and other anthropogenic
activities. The impacts of development on Ferruginous Hawks are poorly understood because no studies
have been able to assess habitat use and selection both before and after development occurs within a
singular study area. A large, natural gas development project has been approved in Sublette County,
Wyoming in a landscape with breeding Ferruginous Hawks. The objective of our study was to identify
Ferruginous Hawk home range sizes and the biotic and abiotic factors associated with habitat use prior
to a large-scale energy development, with the goal of informing mitigation measures. Between 2019 2021, we outfitted breeding adult hawks with transmitters (n = 12) set to gather GPS locations at regular
time intervals during daylight hours (0600 – 2100). Home range sizes were calculated using 50% and
95% kernel density estimation (KDE). To investigate habitat use, we then conducted resource selection
analyses, incorporating both remotely sensed and habitat data collected in the field, and using a useavailable design within 95% KDE home range. This study provides a unique opportunity to study
Ferruginous hawk home range and habitat selection prior to a large-scale energy development. An
understanding of important habitat requirements is imperative to reducing potential impacts from
energy extraction activities to Ferruginous Hawks and other raptors of conservation concern.
EVIDENCE OF CONTEXT-DEPENDENT HABITAT SELECTION BY NORTHERN LONG-EARED BATS
Ellen Whittle* (1), Ian Abernethy (2), and Anna Chalfoun (3)
(1) Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology,
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University of Wyoming, Laramie, WY
(2) Wyoming Natural Diversity Database, University of Wyoming, Laramie, WY
(3) US Geological Survey, University of Wyoming, Laramie, WY
Wildlife populations are increasingly affected by multiple stressors including habitat alteration, climate
change, and emergent disease. The northern long-eared bat (Myotis septentrionalis) has experienced
catastrophic population losses from the fungal disease white-nose syndrome (WNS). Female northern
long-eared bats roost in structures that are thought to assist with thermoregulation and reduce energy
expenditure while they gestate, birth and nurse their young in communal groups. Maternal colonies
often use roost cavities in large snags, but trees of this type have largely declined in the Black Hills
region because of pine beetle kill and timber harvest. Our objectives were to 1) characterize maternity
roosts of northern long-eared bats in the Black Hills, and 2) assess whether roost preferences are
influenced by weather conditions and reproductive status. We located day roosts of 20 pregnant and 21
lactating females during 2019 and 2021 and measured habitat attributes of the roost tree, surrounding
forest patch (a 0.04-hectare circle), and nearby available sites. Bats switched roost trees every 1.5 days
on average. Maternal colonies preferred quaking aspens (Populus tremuloides) and snags, though the
landscape is predominantly live trees and ponderosa pines (Pinus ponderosa). Maternal roost trees
were larger in diameter and taller on average than available trees, and roost patches had higher tree
density and more closed canopy cover than available sites. Pregnant bats were significantly more likely
to roost in aspens; however, bats selected ponderosa pines on days with high maximum temperatures.
Northern long-eared bats may require a variety of available roost types to select an optimal roost under
specific conditions. Management plans that conserve multi-aged forests with large trees and closed
canopy cover may benefit bat populations by increasing population resilience to multiple stressors.
HETEROGENEITY IN RISK-SENSITIVE ALLOCATION OF SOMATIC RESERVES IN A LONG-LIVED MAMMAL
Rachel A. Smiley* (1), Brittany L. Wagler (1), Tayler N. LaSharr (1), Kristin A. Denryter (2), Thomas R.
Stephenson (3), Alyson B. Courtemanch (4), Tony W. Mong (4), Daryl Lutz (4), Doug McWhirter (4), Doug
Brimeyer (4), Patrick Hnilicka (5), Blake Lowrey (6), Kevin L. Monteith (1)
(1) Haub School of Environment and Natural Resources, Wyoming Cooperative Fish and Wildlife
Research Unit, Department of Zoology and Physiology, University of Wyoming, Laramie, Wyoming, USA
(2) Alaska Department of Fish and Game, Palmer, AK, USA 99645
(3) Sierra Nevada Bighorn Sheep Recovery Program, California Department of Fish and Wildlife,
California, USA
(4) Wyoming Game and Fish Department, Wyoming, USA
(5) US Fish and Wildlife Service, Lander, Wyoming, USA
(6) Fish and Wildlife Ecology and Management Program, Department of Ecology, Montana State
University, Bozeman, Montana
Patterns of food quality and availability, when combined with energetic demands in seasonal
environments, shape resource acquisition and allocation by animals and holds consequences for life29

history strategies. In long-lived species with extensive maternal care, regulation of somatic reserves can
occur in a risk-sensitive manner, wherein resources are preferentially allocated to support survival at the
cost of investment in reproduction. We investigated how Rocky Mountain bighorn sheep (Ovis
canadensis), an alpine mammal in a highly seasonal environment, allocate somatic reserves (i.e., energy
and protein) across seasons. We hypothesized that, in accordance with the risk-sensitive resource
allocation hypothesis, accretion and catabolism of somatic reserves would be regulated relative to preseason nutritional state, reproductive state, and vary among populations in accordance with local
environmental conditions. We monitored seasonal changes of percent ingesta-free body fat (IFBFat) and
ingesta-free, fat-free body mass (IFFFBMass) in three populations of bighorn sheep in northwest
Wyoming between 2015 and 2019 through repeated captures of female sheep in December and March
of each year in a longitudinal study design. Allocation of somatic reserves was risk sensitive and varied
relative to the amount of somatic reserves an animal had at the beginning of the season. Regulation of
fat reserves was sensitive to reproductive state and differed by population, particularly over the
summer. In one population with low rates of recruitment, sheep that recruited offspring lost fat over the
summer in contrast to the other two populations where sheep that recruited gained fat. And yet, all
populations exhibited similar changes in fat catabolism and risk sensitivity over winter. Deviations in
magnitude of risk sensitivity across seasons may be indicative of sufficiency in seasonal ranges to meet
energetic demands of survival and reproduction. Risk sensitive allocation of resources was pervasive
suggesting nutritional underpinnings are foundational to behavior, vital rates, and ultimately, population
dynamics. For species living in alpine environments, risk-sensitive resource allocation may be essential
to support reproduction and survival.
BEARS, BAITS, AND BERRIES: HOW DOES RESOURCE AVAILIBILITY INFLUENCE SPATIOTEMPORAL
BEHAVIOR OF BLACK BEARS
Emily Davis* (1,2), Dan Bjornlie (3), Ryan Kindermann (3), Daniel Thompson (3) and Joseph Holbrook
(1,2)
(1) University of Wyoming Zoology and Physiology Department, Laramie, WY
(2) University of Wyoming Haub School of Environment and Natural Resources, Laramie, WY (3)
Wyoming Game and Fish Department, Lander, WY
Anthropogenic influence on the environment has varied consequences on animal behavior and foraging
tactics. For instance, access to anthropogenic food resources in developed areas may bring bears in
contact with people and result in lower survival or, in the case of agricultural crops or other dispersed
resources, may result in increased body condition and survival. The amount and quality of forage is
essential for all North American bears as they exhibit breeding and life-history tactics requiring
sustained high-quality nutrition throughout the year. Nutritional condition of females directly impacts
fecundity as well as recruitment of young into the population. We assessed how black bear (Ursus
americanus) resource selection and movement behavior was influenced by human food subsidies (i.e.,
baiting) inside and outside of hunting seasons in Wyoming. We captured 24 black bears (11 males and
13 females) during 2019 and 2020 and equipped them with GPS collars. We expected bears to exhibit
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shifts in habitat selection during the hunting and non-hunting season, coinciding with a resource pulse in
the form of hunter-provided baits. Exploitation of high quality food resources (bait) should be exhibited
in hunting season, but as the resource depletes a shift to natural food resources should be shown. We
discovered that individual variation impacted selection of resources and movement behavior of bears.
Some individuals modulated exploitation of natural foods during hunting season while others showed an
increase in selection towards baits exhibiting individual variation in selection of food resources within
hunting season. At a population level, bears did not exhibit a strong shift in selection toward baits, but
substantial variation among individuals was observed. Understanding how black bears alter behavior as
a result of shifts in resource availability and food manipulation advances our knowledge of carnivore
resource selection, and ultimately provides better strategies for carnivore population management.

SESSION II: MIGRATION AND MOVEMENT
1:15 PM – 2:45 PM
WHAT DOES THE FOX SAY? AN ASSESMENT OF SPACE USE AND MOVEMENT FOR ROCKY MOUNTAIN
RED FOX WITHIN GRAND TETON NATIONAL PARK
Emily Burkholder* (1,2), John Stephenson (3), David Gustine (4), Sarah Hegg (3), and Joseph Holbrook
(1,2)
(1) University of Wyoming, Zoology and Physiology Department, Laramie, WY
(2) University of Wyoming, Haub School of Environment and Natural Resources, Laramie, WY (3) Grand
Teton National Park, Moose, WY
(4) U.S. Fish and Wildlife Service, Anchorage, AK
In the Anthropocene, conflicts between humans and wildlife are unavoidable. The National Park Service
is dedicated to the preservation of intact landscapes and wildlife populations, while also hosting millions
of visitors each year. In Grand Teton National Park (GTNP) 3.3 million visitors were recorded during
2020. Negative human-wildlife interactions and food-conditioned wildlife have become a major concern
in areas such as GTNP, yet fundamental questions at the interface of humans and wildlife remain. Here,
we evaluated how human structures and temporal variation in human activity influenced space use and
movement of Rocky Mountain red fox (Vulpes vulpes macroura) within GTNP. Rocky Mountain red fox
is a high-elevation subspecies of the common red fox (Vulpes vulpes), and native to North America.
During 2016 – 2021, we captured and GPS collared 21 individuals (12 males, 9 females) and evaluated
spatiotemporal shifts in home range characteristics as well as movement patterns. We discovered
substantial individual-level variation in movement, and identified differing effects of human activity. For
instance, some individuals acclimated and exploited areas of high human concentrations, while others
remained distant and focused home ranges and core areas away from humans. These differences were
not correlated with age or sex of foxes, perhaps indicating intraspecific variation in boldness or
carryover effect of parental influence (being born and raised around humans) may be responsible for
differences in movement behavior. Regardless, this work provides a deeper understanding of red fox
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ecology concerning variation in space use associated with humans within GTNP and a baseline for
implementing experimental measures with an aim of facilitating both human access to National Parks
while limiting negative human-fox interactions.
HOW DO UNGULATES LEARN TO MIGRATE? A CENTURY-LONG CASE STUDY WITH YELLOWSTONE BISON
Janey Fugate* (1), Chris Geremia (2), Matthew J. Kauffman (3)
(1) Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology,
University of Wyoming, Laramie, WY
(2) U.S. Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of
Zoology and Physiology, University of Wyoming, Laramie, WY
(3) The Bison Program, Yellowstone National Park
Migration is an important behavioral adaptation that allows species to persist in seasonal environments.
Recent studies show that cultural transmission, facilitated by social learning, underpins migrations in a
range of mammalian taxa. The bison (bison bison) of Yellowstone National Park are one of very few
examples of reintroduced ungulates learning to migrate over a landscape they historically roamed. A
century-long record of these movements offers a globally unique case study to assess learning and
migration as it has played out in an intact ecosystem over 100 years. Here, we draw together research
from several disciplines to assess knowledge acquisition processes and the roles of social learning and
cultural transmission in bison migration, bridging the fields of animal cognition and movement ecology.
First, we reconstruct the history of bison migration in Yellowstone since 1905 through a range of
sources, from early correspondence to superintendents’ annual reports, yielding a temporal and spatial
representation of the unfolding migration. Using current GPS movement data coupled with descriptive,
historical records of movement, we will illustrate the expansion of the migration footprint from the early
1900s to the present in maps of 5-year increments. Next, we expand the social learning hypothesis to
evaluate evidence for three modes of knowledge acquisition: density-dependent exploration, climate
event-dependent exploration and management-driven exploration. After this first season of surveying
the archives, we have found sufficient information to recreate the evolution of bison migration across
the Yellowstone landscape. Coupled with a century-long time series of snow and drought, we hope to
also shed light on the environmental factors that influenced the migration. As migrations around the
world are increasingly threatened, this study integrates history and ecology to better inform ongoing
conservation and wildlife management of existing migrations.
INCORPORATING SPATIAL LEARNING INTO MOVEMENT MODELS FOR NAÏVE ANIMALS IN A NOVEL
ENVIRONMENT
Tana Verzuh* (1), Karsten Heuer (2), and Jerod Merkle (1)
(1) University of Wyoming, Zoology and Physiology Department, Laramie, WY
(2) Parks Canada, Banff, Alberta, CA
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One principal challenge free-ranging animals face is acquiring information about available resources,
which are generally patchily distributed and seasonal in nature. In learning about the environment
animals reduce uncertainty and make informed decisions, ultimately improving fitness. Animal
movement models, however, rarely account for an individual’s past experience when setting out to
understand future behavior and are often fit without accounting for underlying behaviors (in nonMarkovian frameworks) and the inherently autocorrelated nature of movement data. By developing
methods to incorporate underlying behavior into statistical models, we gain clearer ecological insights.
Further, incorporating past experiences into movement models increases our statistical inference. We
used 3 years of GPS locations from naïve bison reintroduced into Banff National Park, Canada to
evaluate movement and predict dispersal and space use over time. First, we used a hidden Markov
model to delineate traveling from encamped states in the empirical data. Next, we isolated these
traveling movements and used a step selection function (SSF) and conditional logistic regression
framework to identify how bison used the landscape when moving. The SSF included landscape and
environmental variables (e.g., landcover, snow depth), and metrics for past experience (i.e., attraction
to previously visited areas). Finally, we simulated 5,000 bison, choosing movements based on the
coefficients from the SSF, to predict where bison may move within a 3-year time frame. Our SSF model
fit the data very well (Spearman Rank 0.96). Simulated bison used a larger area compared with bison on
the landscape and were predicted to leave the park boundary as early as 8.5 months. Our work provides
critical information for reintroductions by better predicting movements of naïve animals over time.
Understanding how animals learn and incorporate spatial knowledge into movement decisions is
important for restorative ecology programs where success is tied to how populations move and settle in
novel environments.
HOW SAMPLING DESIGN INFLUENCES CONSISTENCY OF MULE DEER MIGRATION CORRIDORS OVER TIME
Emily R. Gelzer* (1), Justine A. Becker (1), Samantha P.H. Dwinnel (2), Gary L. Fralick (3), Embere Hall (3),
Rusty C. Kaiser (4), Matthew J. Kauffman (5), Tayler N. Lasharr (2), Kevin L. Monteith (2), Anna C. Ortega
(6), Jill E. Randall (3), Hall Sawyer (7), Mark A. Thonhoff (8), and Jerod A. Merkle (1)
(1) Department of Zoology and Physiology, University of Wyoming, Laramie, WY
(2) Haub School of Environment and Natural Resources, Wyoming Cooperative Fish and Wildlife
Research Unit, Department of Zoology and Physiology, University of Wyoming, Laramie, WY
(3) Wyoming Game and Fish Department, Cheyenne, WY
(4) U.S. Forest Service, Big Piney, WY
(5) U.S. Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of
Zoology and Physiology, University of Wyoming, Laramie, WY
(6) Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology,
University of Wyoming, Laramie, WY
(7) Western Ecosystems Technology, Inc., Laramie, WY
(8) U.S. Bureau of Land Management, Pinedale, WY
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Efforts to manage and conserve migratory big game are continuing to increase through federal and state
policy. These policies are based on the ability to identify and delineate the location of migration
corridors. Corridor delineations are typically based on GPS collar data collected for a few years on a focal
population. The resulting corridors, however, are often used to inform long-term conservation planning
and on-the-ground management actions. Our objectives were to quantify consistency in migration
corridors across multiple years, and to identify how many individuals to collar each year to delineate a
consistent and relatively complete migration corridor. We used data from six herds of mule deer
monitored for 5–7 years (508 unique individuals). We calculated two types of migration corridors:
cumulative corridors where each new year of data was accumulated, and year-to-year corridors where
each corridor was based only on data collected in that year. We then estimated the yearly consistency in
the two types of corridors by calculating the percent overlap between corridors calculated in sequential
years. We found that collaring a higher proportion of a sub-herd increased the consistency in migration
corridors, whereas collaring new individuals in a subsequent year of monitoring caused corridors to
shift. Our results suggest that biologists should strive to collar approximately 7% of a sub-herd for a
minimum of two years to achieve a migration corridor consistency of roughly 98%. However, if 7% of a
sub-herd cannot be collared, monitoring for longer (3–4 years) and adding 25–40% new individuals of
the existing sample each year will provide roughly 90% consistency in a migration corridor. Our results
provide managers with a logistical framework for collaring projects aimed at delineating migration
corridors that best depict the long-term corridor habitat required by migratory herds.
ONE HERD, MANY MIGRATORY STRATEGIES: A TEST OF THE FITNESS-BALANCING HYPOTHESIS WITH
MULE DEER
Anna Ortega* (1,2), Kevin L. Monteith (1,3), and Matthew J. Kauffman (4)
(1) Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology,
University of Wyoming, Laramie, WY
(2) Program in Ecology, University of Wyoming, Laramie, WY
(3) Haub School of Environment and Natural Resources, University of Wyoming, Laramie, WY
(4) US Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology
and Physiology, University of Wyoming, Laramie, WY
Seasonal fluctuations in weather, resource availability, and population density can promote migration
tendency, particularly if migratory movements enhance individual fitness and population performance.
Although migration is often the most profitable tactic, many migratory populations contain individuals
that do not migrate or migrate relatively short distances – a phenomenon known as partial migration.
The fitness-balancing hypothesis (FBH) posits that partial migration is maintained when tradeoffs in lifehistory characteristics and annual variation in environmental conditions result in equivalent population
growth among migratory tactics. We tested the FBH in a partially migratory herd of mule deer
(Odocoileus hemionus) sharing a common winter range in the Red Desert of south-central Wyoming.
Three migratory tactics have been observed in the Sublette Herd, including long-distance migration
(~150 miles), medium-distance migration (~70 miles), and short-distance migration (≤ 30 miles). Based
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on a 7-year dataset of adult survival, age-specific fecundity, and fawn survival, the Sublette Herd
exhibited evidence of the FBH. A series of stochastic population models revealed that the annual string
of good and bad weather years shifted costs and benefits of migration among long-distance and
medium-distance migrants. In some years, long-distance migrants had higher survival and population
growth than medium-distance migrants; in other years, they exhibited higher mortality of adults and
fawns and lower population growth than medium-distance migrants. Although short-distance migrants
exhibited annual tradeoffs between adult survival and fawn recruitment, they did not experience
equivalent population growth as long-distance migrants (λ = 1.03) and medium-distance migrants (λ =
1.05). Low adult and offspring survival, poor nutritional condition, and reduced reproductive rates
largely explained the declining numbers of short-distance migrants (λ = 0.84). Despite the sharp decline
of short-distance migrants, stationary and growing trends for long-distance and medium-distance
migrants contributed to the overall growth of the population. Our research highlights the benefit of
migration diversity for herd-level performance and resiliency.
BARRIER REMOVAL AT CORRIDOR BOTTLENECK IMPROVES PERFORMANCE OF MIGRATORY MULE DEER
HERD
Luke R. Wilde* (1), Anna C. Ortega (1), Hall Sawyer (2), and Matthew J. Kauffman (3)
(1) Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology,
University of Wyoming, Laramie, WY
(2) Western Ecosystems Technology, Inc., Laramie, WY
(3) U.S. Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of
Zoology and Physiology, University of Wyoming, Laramie,
Landscape barriers influence animal populations by altering movements and restricting access to
habitat. For migratory species, semi-permeable barriers such as fences or highways are a major source
of mortality and can reduce the use of important resources and the free movement between seasonal
ranges. Understanding how barriers influence migratory animals requires a direct test of migration
performance using a before and after framework typical of long-term datasets. The Sublette mule deer
(Odocoileus hemionus) herd contains the longest mule deer migration in the world and the first mapped
corridor for mule deer. In 2016, a section of woven wire fence at the outlet of Fremont Lake was
removed to allow deer to migrate unrestricted through a major bottleneck in the corridor, but the
benefits from this habitat improvement have never been quantified. Using 10-years of GPS movement
data (2011-2020) from the Sublette herd, we quantified the population- and individual-level response
before and after fence removal during spring migration. We found that deer were 1.5 days closer to the
green wave while surfing, moved with and 22% reduced speed, and occupied areas with 25% less snow
in the 30 kilometers beyond the fences previous location after the fence was removed compared to
while the fence was in-place. Also, individuals that migrated with and without the fence in-place
performed similarly to deer who never encountered the fence, suggesting a rapid recovery of migratory
performance to the barrier-free baseline. Our results suggest that migratory deer can respond to habitat
enhancements to improve connectivity over short timescales. Barrier removal or alteration will likely be
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an important tool to promote the long-term persistence of migratory ungulates in altered landscapes.

SESSION III: COMMUNITY ECOLOGY AND CAPTURE TESTS
3:00 PM – 4:15 PM
MOVING POLLEN IN THE SAGEBRUSH STEPPE: POLLINATION NETWORKS IN PLANT COMMUNITIES
SUPPORTING 3 RARE PLANTS
Madison Crawford* (1), Joy Handley (2), and Lusha Tronstad (2)
(1) Department of Zoology and Physiology, University of Wyoming, Laramie, WY
(2) Wyoming Natural Diversity Database, University of Wyoming, Laramie WY
Pollination is essential for all angiosperm and gymnosperm to produce seeds and fruits, yet the
pollination ecology of specific ecosystems and rare plants is seldom studied. Globally, ~87.5% of
~352,000 angiosperms are pollinated via animals (i.e., biotic pollination), including plants grown for
human consumption, livestock, and wildlife, illustrating the need to understand plant-pollinator
relationships. Pollination networks describe plant-pollinator interactions and are excellent tools for
visualizing which plants each pollinator visits and how often these interactions occur. While pollination
ecology and the construction of pollination networks has gained considerable attention within the past
few decades, pollination networks for the Sagebrush steppe and its rare plants have been severely
understudied. To better understand a declining yet functionally critical ecosystem, we created
pollination-networks for 3 rare and endemic plants in Wyoming (Laramie chickensage (Artemisia
simplex), Barnebyi’s clover (Trifolium barnebyi), and Desert yellowhead (Yermo xanthocephalus)). We
collected bees in southeastern and central Wyoming, and examined pollen loads to estimate what
genera of bees regularly visited specific plant genera. These networks also reveal which bees are
generalists and specialists. Results from our study may be used by managers to make informed decisions
about preserving the mutualisms in Sagebrush steppe ecosystems.
GENERALIZED SHIFTS IN HABITAT SELECTION BY A PREDATOR FOLLOWING A DRAMATIC DECREASE IN
PREY ABUNDANCE
Mitchell J. Brunet* (1,2,3), Kevin L. Monteith (1,2,3), Katey S. Huggler (1,2,3), Daniel J. Thompson (4),
Patrick W. Burke (5), Mark Zornes (5), Patrick Lionberger (6), Miguel Valdez (6), and Joseph D. Holbrook
(1,3)
(1) Haub School of Environment and Natural Resources, University of Wyoming, Laramie, WY
(2) Wyoming Cooperative Fish and Wildlife Research Unit, University of Wyoming, Laramie, WY
(3) Department of Zoology and Physiology, University of Wyoming, Laramie, WY
(4) Wyoming Game and Fish Department, Lander, WY
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(5) Wyoming Game and Fish Department, Green River, WY
(6) Bureau of Land Management, Rock Springs Field Office, Rock Springs, WY
Sudden shifts toward the consumption of rare alternative prey may be detrimental when prey
populations are struggling and limited by predation. Despite occurring in many systems, the mechanisms
of habitat selection allowing predators to shift toward alternative prey following declines in the
abundance of their main prey are poorly understood. We evaluated habitat selection and use by a
generalist predator with respect to two prey species during a dramatic decrease in the abundance of
primary prey. Further, we evaluated the degree to which spatial exposure to primary prey affected
habitat selection, and evaluated similarity and overlap between habitats used by each prey species.
Coyotes (Canis latrans) exhibited decreasing selection for cottontail rabbits (Sylvilagus spp.; primary
prey) during their decrease in abundance. Despite shifting habitat selection away from primary prey,
habitat selection by coyotes did not shift toward neonate mule deer (Odocoileus hemionus). Correlation
between habitats used by each prey species indicates that selection for habitat used by neonate mule
deer may be related to selection for rabbits. Use of rabbit habitat remained high even during historically
low rabbit abundance, while use of mule deer habitat matched that expected based on random use of
the landscape. Our findings indicate that predators may not actively switch habitat selection towards
alternative prey following decreases in the abundance of primary prey.
USING KILL SITE DATA TO REVEAL HOW HUMANS CHANGE PREDATION RISK FOR NATIVE UNGULATES
Kristin Barker* (1), Arthur Middleton (1), Mike Boyce (2), Eric Cole (3), Doug McWhirter (2), Ken Mills
(4), John Stephenson (5), Ben Wise (3)
(1) Department of Environmental Science, Policy, and Management, University of California–Berkeley,
Berkeley, CA
(2) Wyoming Game and Fish Department, Jackson, WY
(3) US Fish and Wildlife Service, National Elk Refuge, Jackson, WY
(4) Wyoming Game and Fish Department, Pinedale, WY
(5) Grand Teton National Park, Moose, WY
As large carnivores continue to recover and expand into human-dominated areas, wildlife professionals
face ongoing challenges in anticipating and managing the effects of these predators on their ungulate
prey. Although conventional wisdom holds that humans “shield” ungulates from predation risk by
excluding or removing large carnivores, emerging research suggests carnivores can alter their behavior
to kill similar or even higher numbers of prey while avoiding human interactions. To determine whether
and how humans alter predation risk for native ungulates, we tested multiple alternative hypotheses
posited to explain behavioral changes of large carnivores in human areas. We investigated 170 wolf kill
sites along a spectrum of human influences in Jackson Hole during winters 2019-2021. Then, we used
conditional logistic regression to quantify associations between predation risk and several simultaneous
human influences, while controlling for environmental effects and prey availability. We found that
wolves primarily made kills where prey were most available and most vulnerable, but predation risk was
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significantly better explained with the inclusion of human influences than by prey availability and
environmental characteristics alone. Wolves responded less strongly – if at all – to humans where prey
were scarce, suggesting wolves prioritize acquiring prey over avoiding human interactions. However, in
areas of high prey availability, wolves displayed considerably stronger and sometimes contrasting
responses to different human influences – for example by preferentially killing animals far from
motorized roads but close to over-snow travel routes. Overall, our work reveals that predators’
influence on prey populations can vary considerably in response to different types of human influences,
indicating the effect of humans on predation risk is more nuanced than previously appreciated. Results
shed new light on drivers of carnivore behavior in anthropogenic areas while helping wildlife managers
anticipate complexities of predator-prey dynamics in and around the wildland-urban interface.
EFFECTS OF HELICOPTER NET-GUNNING ON SURVIVAL OF BIGHORN SHEEP
Brittany Wagler* (1), Rachel Smiley (1), Alyson Courtemanch (2), Gregory Anderson (2), Daryl Lutz (3),
Doug McWhirter (2), Doug Brimeyer (4), Patrick Hnilicka (5), Cody Massing (6), David German (6),
Thomas Stephenson (6), and Kevin Monteith (1)
(1) Haub School of Environment and Natural Resources, Wyoming Cooperative Fish and Wildlife
Research Unit, Laramie, WY
(2) Wyoming Game and Fish Department, Jackson, WY
(3) Wyoming Game and Fish Department, Lander, WY
(4) Wyoming Game and Fish Department, Cheyenne, WY
(5) US Fish and Wildlife Service, Lander, WY
(6) Sierra Nevada Bighorn Sheep Recovery Program, Bishop, CA
Wildlife capture, and the associated data collection, has led to major advancements in ecology that are
integral to decision making pertaining to wildlife conservation. Capturing wildlife, however, can cause
lethal and non-lethal risks to animals. Understanding the factors that contribute to the level of risk
involved in wildlife capture is therefore critical for the development and implementation of the safest
and most effective methodologies. We used data from 736 animal captures of 389 individuals for two
subspecies of female bighorn sheep in Wyoming and California, USA, 2002–2020 to evaluate the degree
and extent of time that capture via helicopter net-gunning affects survival. We compared pre- and postcapture survival during a 10-week window centered on a capture event, as well as post-capture survival
between captured animals and animals that were monitored but not captured during the 10-week
window. Additionally, we evaluated the effects of handling techniques and biological factors on
probability of capture mortality. Mean daily survival was 0.9992 during a 5-week pre-capture window,
dropped to 0.9864 on the day of capture, and rebounded within 3 days of capture to pre-capture levels
and that of sheep that were not captured. Overall, direct mortality resulting from capture was 1.36%,
with 0.54% mortality occurring within the 3 days following a capture event for a total of 1.90% capturerelated mortality. The only handling and biological metrics that influenced the probability of capture
mortality were rectal temperature and nutritional condition; both high initial rectal temperatures and
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poor body condition were associated with increased risk of mortality in the days following capture.
Overall, helicopter net-gunning imposed low and short-term risk to survival of female bighorn sheep. To
reduce bias in survival estimates we recommend using a 3-day censorship window for post-capture
mortalities as opposed to the common practice of a 2–5-week censor window.
HELICOPTER-BASED IMMOBILIZATION OF MOOSE USING BUTORPHANOL-AZAPERONE-MEDETOMIDINE
Rebecca L. Levine* (1), Samantha P. H. Dwinnell (2), Bart Kroger (3), Corey Class (3), Kevin L. Monteith
(1, 4)
(1) Haub School of Environment and Natural Resources, University of Wyoming, Laramie, WY (2) The
University Centre in Svalbard, Longyearbyen, Norway
(3) Wyoming Game & Fish Department, Cody, WY
(4) Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology,
University of Wyoming, Laramie, WY
Chemical immobilization is an important tool for the capture, study, and management of wildlife.
Increased regulation of traditional opioids has necessitated a search for alternative drugs in wildlife
capture. Butorphanol–azaperone–medetomidine (BAM) is one promising alternative that has been used
in a range of taxa, though often on medium-size mammals using ground-based methods. We tested the
efficacy of BAM via remote delivery from a helicopter in a wild population of moose (Alces alces shirasi).
We immobilized male (n = 15) and female (n = 26) moose with butorphanol (0.20 mg/kg), azaperone
(0.066 mg/kg), and medetomidine (0.079 mg/kg), with antagonists atipamezole (0.495–0.527 mg/kg)
and naltrexone (0.124–0.151 mg/kg) to reverse immobilizations. Mean induction (x̄ ± SE; 9.2 ± 0.6 min)
and mean recovery times (7.2 ± 0.5 min) were longer but still comparable to published instances of
moose captured using traditional chemical immobilizers (carfentanil, etorphine, thiafentanil, and
others). All animals survived >60 days post-capture. Our findings add to a body of work demonstrating
that BAM provides rapid inductions, reliable sedation, and quick reversals in a variety of taxa, and aerial
remote delivery.

39

Thursday Presentations

Photo: USFWS

SESSION IV: HABITAT RELATIONSHIPS II
8:05 am – 9:50 am
NEEDLE IN A HAYSTACK: STUDYING A TINY AQUATIC BEETLE IN WYOMING’S SALTY, INTERMITTENT
STREAMS
Audrey Lindsteadt (1) and Lusha Tronstad (1)
(1) Invertebrate Zoology, WYNDD, University of Wyoming, Laramie, WY
Rare insects are difficult to study, but basic life history information is necessary to manage populations.
The Narrow-foot Hygrotus Diving beetle (Hygrotus diversipes) is a rare aquatic beetle only known from
central Wyoming. We compiled existing data on H. diversipes and surveyed for the beetle annually to
understand trends, habitat needs, and other species characteristics. The beetle lives in streams that are
a series of pools with high concentrations of salts. This species was discovered in 1964 and became a
Category II Candidate Species under the Endangered Species Act from 1984 to 1996. Hygrotus diversipes
was petitioned for listing three times between 2007 and 2013, and annual monitoring began in 2010.
The beetle occupied different streams likely in response to varying habitat conditions. Four streams
were occupied during ≥33% of years and were considered the beetle’s core sites. Specific conductivity
was the most important variable explaining their distribution according to principal components
analysis. Individual pool surveys in 2021 revealed most pools held water the entire summer, but a hot
dry spell caused water levels to drop and specific conductivity to increase. Water levels in streams were
subsurface except after rainstorms, which caused flashfloods and flowing water before the streams
dried to a series of pools. We collected the diving beetles in smaller pools with structure (i.e., wood,
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overhanging grass) and without fish. We also marked any H. diversipes we collected in the field, and we
recaptured one individual. Statewide surveys in 2021 not only found adult beetles in new streams, but
also in a new basin of Wyoming! DNA barcoding larvae revealed information about early life stages. A lot
more is known about H. diversipes since it was described, but there is still much more to learn about
their ecology and life cycle to aid management decisions.
CHALLENGES AND SUCCESSES FOR COMMUNITY SCIENCTISTS GATHERING POLLINATOR INFORMATION
Christine Bell (1), Madison Crawford (1), Zoe Short (1), Lusha Tronstad (1)
(1) Wyoming Natural Diversity Database
Pollinators provide invaluable ecosystem services in both agricultural and natural settings.
Unfortunately, many of these animals are experiencing population declines and little is publicly known
about most of them. We implemented a community science program in the summer of 2021 that
collected information on pollinators in Wyoming, with a special focus on bees and butterflies. Five
species (3 bumble bees and 2 butterflies) that are known to occur in the state have been petitioned to
receive federal protection under the Endangered Species Act. Community science can be a valuable
resource to gather more information about declining species and is an excellent method to increase
science literacy in the general public. We developed protocols, guidelines, and data sheets for the
program, and trained 14 participants to collect pollinator and habitat data during summer 2021. Five of
the participants submitted specimens and data and all sample locations were at new locations. The
community scientists collected 245 insects including 8 butterflies and 105 bees. We received positive
feedback overall from the participants saying they would be interested in participating again. They
praised the program saying they enjoyed learning new things about pollinators. Some setbacks we
experienced were keeping up with communication and juggling the program with our own research over
the summer. We highly recommend implementing more community science programs to enhance
knowledge of declining invertebrates in Wyoming.
DEVELOPMENT OF MANAGEMENT RECOMMENDATIONS FOR GREATER SAGE-GROUSE WINTER
CONCENTRATION AREAS
Jeffrey L. Beck (1), Aaron C. Pratt (1,2), Caitlyn P. Wanner (1), and Kurt T. Smith (1,3)
(1) Department of Ecosystem Science and Management, University of Wyoming, Laramie, WY
(2) George Miksch Sutton Avian Research Center, Bartlesville, OK
(3) Western EcoSystems Technology, Inc., Laramie, WY
We designed our research to provide information from which the Wyoming Sage-Grouse
Implementation Team can base management recommendation guidelines for winter concentration
areas used by greater sage-grouse (Centrocercus urophasianus). Our research utilized data from sagegrouse equipped with GPS transmitters throughout 6 regions in Wyoming to address 3 main objectives:
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1) identify the timing of sage-grouse presence on winter range, 2) identify the effect of snow
cover/depth and sagebrush (Artemisia spp.) cover/height relative to sage-grouse winter habitat
selection, and 3) identify potential thresholds of sage-grouse response to anthropogenic disturbance in
winter. We assessed environmental and anthropogenic variables within circular regions (0.1–10.0 km) to
determine the most appropriate scale in which sage-grouse were selecting winter habitats. The median
date of arrival to and departure from winter range across all regions was 7 November and 13 March,
respectively. We found that sage-grouse generally selected both winter ranges and habitats within
winter ranges in areas with gentle topography, demarcated by low slopes that were in proximity to
breeding habitats and dominated by sagebrush land cover and absent of juniper (Juniperus spp.) land
cover. At the scale of winter home ranges, sage-grouse used areas at a greater rate than what was
available once sagebrush habitats and sagebrush cover within 10.0 km exceeded 65% and 10%,
respectively. In statewide and all regional models, anthropogenic models containing forms of surface
disturbance were more informative than models containing only environmental covariates. Across all
disturbance types and circular regions, mean surface disturbance at grouse-use locations did not exceed
~7%, and mean surface disturbance resulting from oil and gas development did not exceed ~1% surface
disturbance. The proportion of sage-grouse use locations were lower than the proportion of available
habitat within all study regions when surface disturbance exceeded 3.8% for all disturbance types and
scales that we assessed.
INTEGRATED MODELING AND HABITAT PRIORITIZATION FOR GOLDEN EAGLES IN WYOMING:
INCORPORATING ALL LIFE-HISTORY GROUPS
Bryan Bedrosian (1,2), Zach Wallace (2,1), Brian Woodbridge (3), Jeffery R. Dunk (3), Dave LaPlante (4)
(1) Teton Raptor Center, Wilson, WY
(2) Wyoming Natural Diversity Database, University of Wyoming, Laramie, WY
(3) Cal Poly Humboldt, Arcata, CA
(4) Natural Resource Geospatial, Yreka, CA
Conservation of important wildlife habitats requires spatial prioritization of the landscape as a key first
step. Wyoming has some of the largest golden eagle populations and most valuable areas for long-term
conservation of the species in the western US, but our ability to identify and prioritize important areas is
limited. Conservation actions aimed at avoiding, minimizing, or mitigating threats to eagles, as well as
habitat conservation (e.g., land-use planning, easements, restoration) are more effective and efficient
when guided by knowledge of the importance of proposed project areas to golden eagle populations. To
date, most efforts to prioritize landscapes for golden eagles have been focused on breeding birds and
nesting habitat. To address this information gap, we created comprehensive models of relative habitat
importance across Wyoming that encompass all major golden eagle life-history groups (i.e., breeding,
wintering, and migration seasons, age, and migratory status). Through many collaborations, we
compiled >9.5 million data points, which we classified by behavior type (e.g., roost, fast-flight, slowflight, etc.) and age class. Using these data and a previously collected database of 2,642 nest locations,
we developed fine-scale (120-m) relative habitat suitability models for breeding, winter, fall migration
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and spring migration seasons. Further, we found these four models adequately encompassed all lifehistory and behavior classes we evaluated (e.g., territory status, age, stop-overs, roosts). Although we
found some spatial overlap in high value breeding, wintering, and migration areas, many important
seasonal areas occurred in geographically distinct areas of Wyoming. This highlights the importance of
evaluating all eagle life-history phases in habitat prioritization. Using these models, we are working to
spatially prioritize Wyoming for golden eagles, in addition to multi-species values and economic drivers.
This final product will be available as an online decision support tool for agencies, industry, land trusts,
NGOs, and others interested in golden eagle conservation.
WINTER HOME RANGES OF ROUGH-LEGGED HAWKS TAGGED IN WYOMING
Julie Polasik (1), Bryan Bedrosian (1), Steve Cain (2), John Stephenson (3), and Jeff Kidd (4)
(1) Teton Raptor Center, Wilson, WY
(2) Grand Teton National Park Foundation, Jackson, WY
(3) Grand Teton National Park, Moose, WY
(4) Kidd Biological Inc., Laguna Hills, CA
Rough-legged Hawks (Buteo lagopus) are a relatively understudied raptor that breed in the Arctic and
winter across the coterminous United States. While the majority of birds that occur across Wyoming
migrate south for the winter, a few long-distance migrants that breed to the north winter in Wyoming.
Rough-legged hawks are one of the few species that occur in Wyoming only during the winter. As crossboundary management of migratory species increases in need for conservation, it was our goal to help
understand and quantify wintering habitats of Rough-legged Hawks in Wyoming. We deployed six
backpack transmitter units on Rough-legged Hawks between 2016 and 2019 to understand winter home
range size and movements within the winter season in western Wyoming. We calculated winter home
range sizes of those individuals across a total of 11 winter seasons. Individuals used between one and
three core areas within their winter home ranges for an average of 47 days and core area centers were
located approximately 50-400 km apart. All three of the individuals for which we had multiple winter
seasons of data exhibited some fidelity in their winter home ranges between years. Our data suggest
that Rough-legged Hawks wintering in and around Wyoming may have larger winter home ranges than
Rough-legged Hawks wintering in other areas of western North America. We suspect the large home
range sizes are related to the regular use of several core areas located an average of 200 km apart
during the winter season. Our study provides baseline information on winter home range size,
movements and site fidelity of Rough-legged Hawks within and around Wyoming.
ALPINE SONGBIRD HABITAT ASSOCIATIONS AMIDST A CHANGING CLIMATE
Carl W. Brown (1), Nick Rosenberger (2), Ken Gerow (3), Gabriel Barile (4), Anna D. Chalfoun (5)
(1) Biodiversity Research Institute, Portland, ME
(2) Graduate Group in Ecology, University of California, Davis - Davis, CA
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(3) Department of Mathematics and Statistics, University of Wyoming, Laramie, WY
(4) Colorado Natural Heritage Program, Colorado State University, CO
(5) US Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology
and Physiology, University of Wyoming, Laramie, WY
Alpine systems are among those predicted to be the most affected by a rapidly changing climate.
Upslope movements and shifts in avian composition in response to changing climate are well
documented, yet the specific habitat associations and needs of many alpine birds remain
uncharacterized. We evaluated the breeding abundance of a suite of songbirds inhabiting alpine
habitats in the northern Rocky Mountains, USA. Focal species included the cliff-nesting Black Rosy-Finch
(Leucosticte atrata), ground-nesting American Pipit (Anthus rubescens), and woody vegetation obligate,
White-crowned Sparrow (Zonotrichia leucophrys). We conducted line-transect surveys for birds across
seven mountain ranges and 46 sites in Northwestern Wyoming during 2016–2017 with transects
repeated three times per breeding season (N = 170 total visits). Habitat metrics included tundra and
woody vegetation cover, temperature (Heat Load Index; HLI), and distance to cliff. Black Rosy-Finches
increased with proximity to cliffs and were inversely associated with woody vegetation and tundra. The
abundance of American Pipits decreased with the amount of woody cover and proximity to cliffs. The
abundance of White-crowned Sparrows increased with increasing woody vegetation and HLI. Our results
demonstrate the unique niches occupied by different alpine songbirds with implications for the effects
of changes to alpine habitats with on-going climatic change.
MULE DEER SELECTION OF HABITAT TREATMENTS IN SAGEBRUSH AND ASPEN ECOSYSTEMS
Kyle G. Ebenhoch (1), Aaron N. Johnston (1), J. Terrill Paterson (1), Kevin L. Monteith (2), Hall Sawyer (3),
Troy Fieseler (4), Jill Randall (4), Geneva Chong (1), and Matthew J. Kauffman (5)
(1) U.S. Geological Survey, Northern Rocky Mountain Science Center, Bozeman, MT
(2) Haub School of Environment and Natural Resources, University of Wyoming, Laramie, WY
(3) Western Ecosystems Technology, Laramie, WY
(4) Wyoming Game and Fish Department, Pinedale, WY
(5) U.S. Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of
Zoology and Physiology, University of Wyoming, Laramie, WY
Habitat management is an important strategy to recover mule deer (Odocoileus hemionus) populations
in Wyoming, where declines have been attributed to poor habitat quality. Managers frequently apply
prescribed fire, herbicide, and mechanical treatments in sagebrush and aspen ecosystems to increase
forage quality and quantity for mule deer, but no study has evaluated how deer respond to these
treatments to measure their effectiveness and identify best applications. We evaluated whether mule
deer selected treated habitat during spring migration and winter with step-selection functions and GPStracking data collected from 668 deer during 1998-2019 in southwest Wyoming, where 960 treatments
were implemented since 1954. Deer responses varied in strength and direction by treatment type, time
since treatment, and vegetation type. For example, deer selected for prescribed-fire treatments in
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aspen habitats but avoided mechanical treatments within Wyoming big sagebrush for over 10 years
after application. We also used mixed-effect models to evaluate selection ratios across treatments that
varied in vegetation responses, size, and placement relative to migration routes, stopovers, and core
winter-use areas. Although expected treatment effects on vegetation were evident in satellite-based
measures of fractional cover, changes in vegetative cover explained little variation in deer responses to
treatments. Overall, habitat selection by deer varied little by size and placement of treatments. This
research is part of ongoing efforts by the Wyoming Landscape Conservation Initiative to better
understand treatment effectiveness and optimize implementation for wildlife.

SESSION V: MIGRATION AND MOVEMENT II
10:05 am – 12:05 pm
TRANSCONTINENTAL TRAVEL: MIGRATION OF WYOMING'S BURROWING OWLS ACROSS NORTH
AMERICA
Andrea Orabona (1) and Courtney Conway (2)
(1) Wyoming Game and Fish Department, Lander, WY
(2) US Geological Survey - ID Cooperative Fish and Wildlife Research Unit
Western Burrowing Owls (Athene cunicularia hypugaea) are a species of national conservation concern
in the U.S., federally endangered in Canada, and a Species of Greatest Conservation Need in Wyoming
and other western states. Identifying causes of declines in long-distance migrants is often hampered
because we know little about migratory routes, wintering locations, and annual dispersal. To address
these knowledge gaps for Western Burrowing Owls, we deployed solar-powered satellite transmitters
(PTTs) on ~125 adult and 3 juvenile Burrowing Owls at 40 locations in 12 U.S. states and 3 Canadian
provinces from 2013-2021. In Wyoming, we collaborated with numerous state, federal, nongovernmental, university, industry, and private partners to deploy 12 PTTs in 2019, 13 in 2020, and 24 in
2021. To date, we have garnered information on breeding locations, timing of migratory movements,
individual migration routes, important migration stopover sites, key wintering locations that link to
specific breeding sites, annual fidelity to both breeding and wintering sites, estimates of the distance
and frequency of dispersal, and how all of these behaviors differ among individual Burrowing Owls and
between male and female owls throughout Wyoming and their range in the west. For management
purposes, project results show where our conservation actions are most needed for Western Burrowing
Owls during their full annual life cycle.
SPATIOTEMPORAL VARIATION IN HABITAT EXPLAINS MOVEMENT STRATEGIES OF PRONGHORN
Justine A. Becker (1), Jeffrey L. Beck (2), L. Embere Hall (3), Matthew J. Kauffman (1, 4), Hall Sawyer (5),
and Jerod A. Merkle (1)
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(1) Department of Zoology & Physiology, University of Wyoming, Laramie, WY
(2) Department of Ecosystem Science & Management, University of Wyoming, Laramie, WY
(3) Wyoming Game & Fish Department, Laramie, WY
(4) Wyoming Cooperative Fish & Wildlife Research Unit, USGS, Laramie, WY
(5) WEST, Inc., Laramie, WY
Recent declines in many migratory and nomadic ungulate populations have resulted in increased
interest in both understanding and conserving these movements. Theory suggests that individual
movement strategies should be determined by environmental context, specifically the spatial
heterogeneity and temporal predictability of resources. Yet, recent growth in high-resolution and longterm tracking of ungulates has shown that all three of these strategies can occur within the same
population. These observations suggest that our current theoretical understanding of ungulate
movements is incomplete, while also presenting challenges for management as each of these strategies
requires specific conservation prescriptions. Here, we present a comprehensive study of the movement
strategies of 400 pronghorn from across Wyoming in which we both quantified the diversity of
strategies within and among populations and examined their correlation with key habitat factors. Using
two metrics of seasonal and year-round overlap in space use, individual movements were classified on
two continuums: migratory to resident tendency and nomadic to resident tendency. We found many
instances where these strategies occur within the same population. More broadly, we identified a
tendency towards migratory behavior in the western mountainous regions of the state while more
resident and nomadic tendencies persist across southern Wyoming. Using remotely sensed and
modeled habitat variables, we found strong correlations between individual movement strategy and the
spatial heterogeneity (intra-annual environmental variation) and temporal predictability (inter-annual
environmental variation) of the local environment. Our findings show mixed agreement with theory; as
predicted, migratory individuals are found in highly heterogeneous but temporally predictable
environments, while residents are found in spatially homogeneous environments but across a wider
range of temporal predictability than expected. These results clarify our understanding of movement
strategies in highly mobile, wide-ranging ungulates and facilitate the development of a spatially explicit
predictive mapping approach for their management.
WIND-ENERGY DEVELOPMENT ALTERS PRONGHORN MIGRATION AT MULTIPLE SCALES
Megan C. Milligan (1), Aaron N. Johnston (1), Jeffrey L. Beck (2), Kaitlyn L. Taylor (2,3), Embere Hall (4),
Lee Knox (4), Teal Cufaude (4), Cody Wallace (5), Geneva Chong (1), Matthew J. Kauffman (6)
(1) U.S. Geological Survey, Northern Rocky Mountain Science Center, Bozeman, MT
(2) Department of Ecosystem Science and Management, University of Wyoming, Laramie, Wyoming
(3) Grouse Mountain Environmental Consultants, Buffalo, Wyoming
(4) Wyoming Game and Fish Department, Laramie, Wyoming
(5) Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology,
University of Wyoming, Laramie, Wyoming
(6) U.S. Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of
Zoology and Physiology, University of Wyoming, Laramie, Wyoming
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Migration is a widespread behavioral strategy that facilitates population persistence and ecosystem
functioning, but migration routes have been increasingly disrupted by anthropogenic activities, including
energy development. Wind energy is the world’s fastest growing source of electricity and represents an
important alternative to hydrocarbon extraction, but its effects on migratory species beyond birds and
bats are not well understood. We evaluated the effects of wind-energy development on pronghorn
migration, including behavior and habitat selection, to assess potential effects on connectivity and other
functional benefits including stopovers. We monitored GPS-collared female pronghorn from 2010–2012
and 2018–2020 in south-central Wyoming, USA, an area with multiple wind-energy facilities in various
stages of development and operation, and collected 286 migration sequences from 117 individuals,
including 121 spring migrations, 123 fall migrations, and 42 facultative winter migrations. While
individuals continued to migrate through wind-energy facilities, pronghorn made important behavioral
adjustments relative to turbines during migration. These included avoiding turbines when selecting
stopover sites, selecting areas farther from turbines at a small scale, moving more quickly near turbines
in spring, and reducing fidelity to migration routes relative to wind turbines under construction. While
much remains to be learned, the behavioral adjustments pronghorn made relative to wind turbines
could affect the functional benefits of migration, such as foraging success or the availability of specific
routes, over the long-term.
TESTING THE POTENTIAL OF STREAMFLOW DATA TO PREDICT SPRING MIGRATION OF AN UNGULATE
HERD
Cheryl A. Eddy-Miller (1), Jason S. Alexander (1), Marissa L. Murr (2)
(1) U.S. Geological Survey, WY-MT Water Science Center, Cheyenne, WY
(2) Former Intern U.S. Geological Survey-National Association of Geoscience Teachers Cooperative Field
Training Program, Cheyenne, WY
In mountainous and high latitude regions, migratory animals exploit green waves of emerging
vegetation coinciding with rising daily mean temperatures initiating snowmelt across the landscape.
Snowmelt also causes rivers and streams draining these regions to swell, a process referred to as to as
the ‘spring pulse.’ Networks of streamgages measuring streamflow in these regions often have longterm and continuous periods of record available in real-time and at the daily time step, and thus
produce data with potential to predict temporal migration patterns for species exploiting green waves.
We tested the potential of models informed by streamflow data to predict timing of spring migration of
mule deer (Odocoileus hemionus) herds in a headwater basin of the Colorado River. Models using
streamflow data were compared with those informed by traditional temperature-derived measures of
the onset of spring. Our analysis indicates that models using daily streamflow data can perform as well
as those using temperature-derived data to predict past-migration patterns, and nearly as well in
potential to forecast future migrations. The best performing model was used to generate probabilities of
onset of migration for mule deer herds over the 69-year period-of-record from a streamgage. That
model indicated spring migration has been trending toward earlier initiations, with modeled median
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initiations shifting from a Julian day of 123 in the mid 20th century to Julian day 115 over the most
recent two decades. The period of 1960 to 1979 had the latest modeled median initiations with Julian
day of 128. The analyses demonstrate promise for merging existing hydrologic and biological data
collection platforms in these regions to explore timing of past migration patterns and predict migration
onsets in real-time.
FUTURE ALTERED PLANT PHENOLOGY PROJECTED TO REDUCE BENEFIT OF MIGRATION FOR MULE DEER
Tabitha A. Graves (1), Ethan E. Berman (1), Ellen O. Aikens (2), Geneva Chong (1), Sarah R. Dewey (3),
Troy Fieseler (4), Gary Fralick (4), Aaron N. Johnston (1), Matthew Kaufman (5,6), Jerod A. Merkle (6) ,
Kevin Monteith (6), Jill Randall (4), Imtiaz Rangwala (7), David Wood(1)
(1) U.S. Geological Survey, Northern Rocky Mountain Science Center, Bozeman, MT
(2) Department of Migration, Max Planck Institute of Animal Behavior, Konstanz, Germany
(3) Grand Teton National Park, Jackson, WY
(4) Wyoming Game and Fish Department, Pinedale, WY
(5) U.S. Geological Survey, Wyoming Cooperative Research Unit, Laramie, WY
(6) University of Wyoming, Laramie, WY
(7) University of Colorado-Boulder, Boulder, CO
Climate change is shifting the pattern and progression of spring green-up. Many migratory ungulates
carefully connect their movements with the green-up cycle to maximize access to highly nutritious
vegetation, which is a critical but fleeting seasonal forage resource. Ungulates with high fidelity to
migration routes, such as mule deer (Odocoileus hemionus), may be among the species most influenced
by changes in vegetation phenology. We evaluated the climate drivers of vegetation phenology metrics
that shape potential foraging benefits of spring migration, and built models to project these metrics by
mid (2040–2069) and end (2070–2099) of the 21st century to better understand potential impacts of
future vegetation phenology on ungulates. We considered 10 future scenarios, curated using
temperature and precipitation data from 5 global climate models (GCM) and two Representative
Concentration Pathways (RCP 4.5 and 8.5). We also projected future metrics annually for one GCM
closest to the ensemble average. These future vegetation phenology metrics allowed us to assess
changes to the length, timing, and continuity of high-quality forage along 210 mule deer spring
migration routes spanning western Wyoming, USA. Our findings project detrimental changes to patterns
of high-quality forage along current migration routes, which will likely reduce the benefit of migration. If
other changes do not compensate for the decreasing value of this life history strategy, mule deer herds
could experience additional population declines. This research builds one of the first frameworks for
projecting climate change effects on dynamics of vegetation resources, and provides useful information
for biologists to plan habitat treatments, consider effects of energy developments, prioritize land
conservation and restoration, and manage big game populations. Our results highlight the potentially
negative effects that projected changes to spring phenology may have on the ecology of terrestrial
migrants that exploit ephemeral, but high-quality forage resources during seasonal transitions.
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HIDDEN MARKOV MOVEMENT MODELS REVEAL DIVERSE SEASONAL MOVEMENT PATTERNS IN TWO
NORTH AMERICAN UNGULATES
J. Terrill Paterson (1), Aaron Johnston (1), Anna Ortega (2), Cody Wallace (2) and Matthew Kauffman (3)
(1) U.S. Geological Survey, Northern Rocky Mountain Science Center, Bozeman, MT
(2) Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology,
University of Wyoming, Laramie, WY
(3) U.S. Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of
Zoology and Physiology, University of Wyoming, Laramie, WY
Animal movement patterns result from individual choices made while navigating the landscapes of
resource availability, predation risk, and environmental extremes. Long-range migrations of ungulates
between seasonal ranges are a classic example of such patterns, and the analysis of net-squared
displacement (NSD) of movement trajectories have helped characterize the diversity and drivers of such
migratory behaviors. However, migration is a continuum from residency to long-range seasonal
migration and can include complex daily patterns such as facultative movements off seasonal ranges.
Understanding how such daily decisions aggregate to seasonal movement patterns requires a modeling
framework with a finer temporal scale than NSD. We used Hidden Markov movement models
(HMMMs), a class of latent-state models that estimate behavioral states from movement characteristics
(e.g., step length and turning angle between daily relocations), to estimate seasonal trends in the daily
probabilities of transitioning between two behavioral states (a short-range local state and a long-range
movement state) for pronghorn (Antilocapra americana) and mule deer (Odocoileus hemionus) in
Wyoming. Our results confirmed the current understanding of seasonal migration for these mule deer:
two periods defined by a high daily probability of being in a long-range movement pattern, consistent
with spring and fall migratory periods connecting summer and winter ranges. For pronghorn, results also
indicated a period of short-range local behaviors consistent with a summer range; however, there was
no seasonal trend consistent with a discrete fall migration. The late fall to early spring was a period with
consistently high probabilities of being in a long-range movement behavior, suggesting this was a
persistent characteristic of pronghorn movements rather than a behavior connecting seasonal ranges.
HMMMs are useful for understanding variation in movement patterns, allowing future work to evaluate
drivers of daily movement patterns such as extreme weather events, hunter pressure and proximity to
development.
PLASTICITY AND INDIVIDUAL DIFFERENCES IN SPRING MIGRATION TIMING AND FORAGE SELECTION IN
WYOMING UNGULATES
Michel P. Laforge (1, 2). Eric Vander Wal (1, 3), Quinn M. R. Webber (3, 4), Chris Geremia (5), Matthew J.
Kauffman (6), Arthur Middleton (7), Kevin L. Monteith (8), Anna Ortega (2), Hall Sawyer (9), and Jerod A.
Merkle (2)
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(1) Department of Biology, Memorial University of Newfoundland, St. John’s, NL, Canada
(2) Department of Zoology and Physiology, University of Wyoming, Laramie, WY
(3) Cognitive and Behavioural Ecology Program, Memorial University of Newfoundland, St. John’s, NL,
Canada
(4) Department of Ecology and Evolutionary Biology, University of Colorado, Boulder, CO
(5) Yellowstone Center for Resources, Yellowstone National Park, Mammoth Hot Springs, WY
(6) U. S. Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of
Zoology and Physiology, University of Wyoming, Laramie, WY
(7) Department of Environmental Science, Policy, & Management, UC Berkeley, Berkeley, CA
(8) Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology, Haub
School of Environment and Natural Resources, University of Wyoming, Laramie, WY
(9) Western Ecosystems Technology Inc., Laramie, WY
Migration is a behavior used by animals to increase resource acquisition. Many ungulate species “surf
the green wave”, a behavior in which animals track the flush of nutritious emergent vegetation as it
greens-up along a gradient from winter to summer ranges. Tracking emergent vegetation requires
individual animals to be flexible with regards to the timing of spring migration to match the timing of
green-up in any given year. Additionally, consistent differences among individuals allows some
individuals to be better adapted for different conditions across years. Climate change has altered the
timing of resource phenology and availability, decoupling consumers from their resources during
migration. To survive, migrants must acclimate or adapt to this change; by being flexible to changes in
the environment to avoid phenological asynchrony, or via differences among individuals in the
population that may drive an evolutionary response. We examined whether individuals were flexible in
the timing of spring migration as a function of the inter-annual variation in spring green-up and
quantified among-individual differences in migration timing in seven populations of four species of
ungulates in Wyoming, USA. Timing of migration was flexible to timing of spring green-up and
repeatable (e.g., some individuals consistently migrated early and others migrated late). However,
individuals that were flexible to inter-annual variation in spring green-up with regards to the timing of
migration were not better at selecting for high-quality forage during migration. Early springs did not
result in reduced selection for forage, which would have been predicted if early springs represent cases
where climate change has disrupted animals’ ability to match their behavior to environmental
conditions. Migratory ungulates in Wyoming appear to have the capacity to respond directly to changing
environmental conditions via flexibility and sufficient natural variation in the timing of migration to
potentially result in an evolutionary response to changing conditions.
RESPONSE OF WOLVES TO RECREATIONAL HUNTING AND ANTHROPOGENIC SUBSIDIES IN GRAND
TETON NATIONAL PARK
Elizabeth Templin (1), Kristin Barker (1), David Gustine (2), John Stephenson (3), Sarah Dewey (3), Arthur
Middleton (1)
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(1) University of California, Berkeley
(2) U.S. Fish and Wildlife Service
(3) National Park Service, Grand Teton National Park
The gray wolf (Canis lupus) is a widely distributed and highly adaptable social carnivore whose decline
and recovery has been a focus of both conservation effort and of controversy. Wolves are apex
predators whose position in food webs can strongly influence ecological communities and ecosystem
processes. However, the presence of anthropogenic food subsidies and human activity poses a risk as
wolves are generalist predators and are one of the most abundant apex predators to be reported
consuming subsidies. Carnivores subsisting off anthropogenic subsidies could have displayed reduced
predatory behavior which could lead to altered ecosystem roles and trophic cascades.
This study evaluated territory size, overlap, and resource selection patterns of wolves in response to
hunter activity and a harvest-related subsidy (elk remains) in Grand Teton National Park. We analyzed
wolf movement at two scales. First, we compared wolf territory size and overlap across three time
periods of hunting and non-hunting from multiple years. Then, we compared fine-scale wolf movement
using step selection models to better understand how wolves may perceive the risk of human-caused
mortality on landscapes as they search for prey and potential human provided subsidies during the Elk
Reduction Program. Understanding how large carnivores respond to hunting activity and hunterprovided subsidies within a protected area can inform wildlife and habitat management, conservation,
and restoration.
At the territory scale, we found wolves did not spatially shift territory use away from hunting areas.
Then our fine-scale results indicated that packs disproportionately respond to recreational hunting.
Packs with territories closer to urban environments showed behavioral responses during active hunting
that suggest these packs are more tolerant to humans and hunting activity. Packs also select for active
hunt areas and locations of hunter-related subsidies. Furthermore, our results highlight the importance
of utilizing fine-scale, diel specific movement analyses to evaluate carnivore responses to human activity
and hunter-related subsidies. Understanding where and how wolves forage in diverse, humaninfluenced landscapes and minimizing those human influences could further human-wildlife coexistence
by decreasing habituation and human-wildlife conflict.

SESSION VI: POPULATION AND COMMUNITY DYNAMICS
1:15 pm – 2:45 pm
INFECTION RATES AND EFFECTS OF ECTOPARASITES ON DECLINING SAGEBRUSH SONGBIRDS
Don Jones (1) and Anna Chalfoun (2)
(1) Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology,
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University of Wyoming, Laramie, WY
(2) US Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology
and Physiology, University of Wyoming, Laramie, WY
Sagebrush steppe ecosystems throughout North America have been highly converted and altered by
human activities, resulting in population declines of many sagebrush-obligate birds. Long-term
sagebrush songbird research in western Wyoming has detected widespread and apparently increasing
parasitism by bird blowfly larvae on the nestlings of Sagebrush Sparrow (Artemesiospiza nevadensis),
Brewer’s Sparrow (Spizella brewerii) and Sage Thrasher (Oreoscoptes montanus), all of which are
designated Species of Greatest Conservation Need by the WY Game and Fish Department. The effects of
blowfly parasitism on nestling condition and fledgling survival of sagebrush songbirds, however, remain
largely unknown. Moreover, understanding the environmental conditions leading to higher parasite
prevalence will be important for risk assessments and potential mitigation strategies. Our study
objectives are to 1) quantify the prevalence of blowfly parasitism on nestlings of sagebrush songbirds; 2)
determine whether parasite abundance is influenced by surface disturbance associated with natural gas
development and/or weather conditions, and 3) assess the effects of parasitism on nestling
development and fledgling survival. We will monitor nests of songbirds in 2022 and 2023 within 12 longterm study plots spanning a gradient of surface disturbance in the Upper Green River Basin. Nestlings
will be examined for blowfly larvae and a subset will be color banded, fitted with radio transmitters, and
tracked after fledging. We will analyze the relationship between parasite loads, nestling morphometrics,
and nestling and post-fledging survival for all three songbird species. We will also evaluate relationships
between blowfly prevalence, habitat disturbance surrounding the nest, and temperature and
precipitation. Understanding how habitat disturbance and weather conditions influence parasite
prevalence may have important implications for designing management strategies to address the
impacts of energy development and climate change. Measuring the development of parasitized
nestlings and their survival after fledging will contribute to knowledge about the effects of parasites on
bird populations more broadly.
POWER ANALYSIS FOR RARE SPECIES MONITORING: AN EXAMPLE USING RAPTORS
Zach Wallace (1), John Squires (2), Lucretia Olson (2), Jamie Sanderlin (3), Zack Walker (4)
(1) Wyoming Natural Diversity Database, University of Wyoming, Laramie, WY
(2) U.S. Forest Service Rocky Mountain Research Station, Missoula, MT
(3) U.S. Forest Service Rocky Mountain Research Station, Flagstaff, AZ
(4) Wyoming Game and Fish Department Nongame Program, Lander, WY
Power analyses are an important tool to optimize efficiency of sampling and ensure that monitoring
programs are able to meet their stated objectives prior to implementation. We used simulation-based
power analyses to compare the efficiency of monitoring designs for two raptor species of conservation
concern that face a range of anthropogenic hazards in Wyoming, the Ferruginous Hawk (Buteo regalis)
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and Golden Eagle (Aquila chrysaetos). We evaluated statistical power to detect trends for monitoring
programs based on occupancy of nesting territories, occupancy of landscape grid cells, and abundance
from line-transect distance sampling. Our results showed overall low power across all methods to detect
trends of interest for our focal species (≤20% decline over 10 or 20 years). Territory-based occupancy
and line-transect distance sampling had similar power, while grid-based sampling designs had lower
power. Although our study focused on large raptors, our results suggest that occupancy surveys and
models have low power to detect moderate population declines over a range of scenarios for
demographic rates and sampling effort common to other species of conservation concern occurring at
low densities. Specifically, we found that detection of temporal trends may require higher sampling
intensities than are realistic for most monitoring studies (e.g., ≥3 visits per year to ≥1000 sites) or
targeting greater changes in population size than are typically of interest to managers (e.g., >20%
decline over 20 years). Before implementing monitoring programs, we recommend clearly defining
objectives and conducting power analyses. For our focal species, we recommend monitoring abundance
with line-transect sampling and developing integrated models that combine data sources to improve
inference on underlying drivers of population change.
EVALUATING NON-TRADITIONAL APPROACHES TO MONITOR A SMALL AND REMOTE BIGHORN SHEEP
POPULATION
Carson Butler (1), Sarah Dewey (1), Rachel Crowhurst (2), Clinton Epps (2), Alyson Courtemanch (3),
Mary Conner (4), and Michael Whitfield (5)
(1) Science and Resource Management Division, Grand Teton National Park, Moose, WY
(2) Department of Fisheries, Wildlife, and Conservation Sciences, Oregon State University, Corvallis, OR
(3) Wyoming Game and Fish Department, Jackson, WY
(4) Department of Wildland Resources, Utah State University, Logan, UT
(5) Northern Rockies Conservation Cooperative, Driggs, ID
Monitoring demographics of small wildlife populations is often challenging, but is especially important
given that small declines in abundance can put them at risk of extirpation. Advances in statistical,
genetic, and remote-photography tools have expanded the suite of techniques that wildlife managers
can use to monitor populations. The Teton Range bighorn sheep population is a small population that is
challenging to monitor using traditional approaches, in large part due to its diffuse, year-round
occupation of high elevations. For estimating abundance, and potentially survival, we are evaluating the
utility of two non-traditional approaches that take advantage of frequent use of mineral licks by bighorn
sheep during summer months: mark-resight analysis using remote cameras, and capture-recapture
analysis based on genotypes obtained from field-collected fecal samples. We used GPS-collar data from
28 adult females monitored 2008-2010 to select nine previously identified mineral licks that we
expected would make the entire population available for ‘capture’. We placed remote cameras at or
near those sites during summers 2018-2021 and collected fecal samples at those sites during summers
2019-2021. Trail cameras documented 500-700 groups of bighorn sheep annually and photographed all
13 radio-collared animals (11 females, 2 males) that have been present since trail-camera monitoring
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began. Each summer since 2019, we collected 500-600 fecal samples across five two-week sampling
periods and genotyped 309, 393, and 403 samples from 2019, 2020, & 2021, respectively. Genotyping
success (DNA amplified at ≥7 loci, sample not contaminated, and sample from bighorn sheep) was 88%
in 2019 and 76% in 2020, with 2021 samples pending. From fecal DNA we identified 97 individuals in
2019, 127 individuals in 2020, and 175 unique individuals (85 females, 63 males, 27 unsexed) across
both years. Preliminary population estimates obtained from this effort will be presented along with
discussion of the utility of the two methods.
UNDERSTANDING SOURCE AND SEASONALITY OF MYCOPLASMA BOVIS IN WYOMING FREE-RANGING
PRONGHORN (ANTILOCAPRA AMERICANA)
Marguerite Johnson (1), Madison Blaeser (1), Erin Schwalbe (1), Halcyon Killion (2), Amy K. Wray (1),
Christopher MacGlover (1), Hank Edwards (3), Samantha E. Allen (4), Kerry S. Sondgeroth (1,2), Jennifer
L. Malmberg (1,2)
(1) University of Wyoming, Department of Veterinary Sciences, Laramie, WY
(2) Wyoming State Veterinary Laboratory, Laramie
(3) Wyoming Game and Fish Department, Laramie, WY
(4) Wyoming Game and Fish Department, Laramie, WY
Mycoplasma bovis (M. bovis) is a worldwide, economically important bacterial pathogen of cattle that
recently emerged in bison across North America. In bison and cattle, M. bovis most commonly causes
pneumonia, polyarthritis and mastitis. Reports of M. bovis in wildlife are rare, consisting of a few
isolated cases in mule deer (Odocoileus hemionus) and white-tailed deer (Odocoileus virginianus). Most
recently, M. bovis was documented as the cause of fatal pneumonia in free-ranging pronghorn
(Antilocapra americana) near Gillette, Wyoming. Mortalities occurred between February and April in
2019 and again in 2020 in the same geographic region. Over 500 mortalities were documented in total.
To evaluate whether pronghorn maintain chronic infections and begin assessing M. bovis status in other
sympatric species, we used PCR testing of nasal swabs to opportunistically survey select free-ranging
ungulates. We found no evidence of subclinical infections in 230 pronghorn sampled from nine counties
in Wyoming and ten in Montana, USA. All mule deer (Odocoileus hemionus) (n=231) sampled from 11
counties in Wyoming also were PCR negative. To assess the potential for environmental transmission,
we examined persistence of M. bovis in various substrates and conditions. Controlled experiments
revealed that M. bovis can remain viable for 6 hours following inoculation of shaded water, and up to 3
hours in shaded hay and topsoil. Our results indicate transmission of M. bovis from livestock to
pronghorn through the environment is possible, and that seasonality of infection could be due to shared
resources during late winter. Further investigations to better understand transmission dynamics, to
assess population level impacts to pronghorn, and to determine disease risks among pronghorn and
other ungulate taxa appear warranted.
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FAT CHANCE FOR DEER? EXAMINING MULE DEER BEHAVIOR AND BODY FAT AS A FUNCTION OF ELK IN
SOUTHWESTERN WYOMING
Heather Abernathy (1), K.S. Huggler (2), P.W. Burke (3), M. Zornes (3), P. Liongerger (4), M. Valdez (4),
Kevin Monteith (1)
(1) Haub School of Environment and Natural Resources, Laramie, WY
(2) Department of Fish and Wildlife Sciences, Moscow, ID
(3) Wyoming Game and Fish Department, Green River Region, Green River, WY
(4) Bureau of Land Management, Rock Springs Field Office, Rock Springs, WY
Mule deer (Odocoileus hemionus) populations have experienced steady declines across much of their
range since the 1970s. Many factors have been attributed or suspected to contribute to such declines,
one of which is competition with elk (Cervus canadensis). During spring and summer, female deer face
nutritional demands of fat accrual and offspring provisioning through lactation. Arid environments such
as southwestern Wyoming, where forage resources are limited, make an excellent study region to
examine questions related elk-deer ecology. Our objective was to link deer behavior to accrual of body
fat over summer, because body fat is an integrated measure of energetic gains and deficits that an
animal experienced over the spring and summer. We evaluated the hypothesis that behavioral changes
as a function of elk would create fitness tradeoffs for female deer with fawns, as mediated by body fat.
We characterized distance to elk, roads, and habitat attributes within summer home ranges of female
deer with and without fawns. We used generalized linear models to examine how elk and forage
attributes of summer ranges influenced the change in spring to autumn ingesta-free body fat for deer.
Change in fat over summer was associated positively with forage (annual and perennial shrubs, forbs,
and grasses). Conversely, change in fat over summer was negatively corelated with closer proximity to
elk wherein deer that had more known elk within their home ranges over the summer gained less fat,
after accounting for recruitment of young. Our results point towards potential tradeoffs between fat
accretion and reproduction for female deer that could be driven by competition with elk.
FLOWERING TIME ADVANCES SINCE THE 1970S IN A SAGEBRUSH STEPPE COMMUNITY: IMPLICATIONS
FOR MANAGEMENT AND RESTORATION
Trevor D.S. Bloom (1,2), Donal S. O’Leary (2,3), and Corinna Riginos (1,2,4)
(1) The Nature Conservancy, Lander, WY
(2) Northern Rockies Conservation Cooperative, Jackson, WY
(3) Department of Geographical Sciences, University of Maryland, College Park, MD
(4) Department of Zoology and Physiology, University of Wyoming, Laramie, WY
Climate change is widely known to affect plant phenology, but little is known about how these impacts
manifest in the widespread sagebrush ecosystem of the Western US which supports a number of wildlife
species of concern. Shifts in plant phenology can trigger consequences for the plants themselves as well
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as the communities of consumers that depend upon them. We assembled historical observations of first
flowering dates for 51 species collected in the 1970 and 80s by biologist Frank Craighead in the Greater
Yellowstone Ecosystem and compared these to contemporary observations targeting the same species
and locations (2016-2019). We also assembled regional climate data and tested the relationship
between first flowering time and these variables. We observed the largest change in early spring
flowers, which as a group bloomed on average 17 days earlier, and as much as 36 days earlier, in the
contemporary dataset. Mid-summer flowers bloomed on average 10 days earlier, nonnative species 15
days earlier, and berry-producing shrubs 5 days earlier, while late summer flowering plants did not shift.
The greatest correlates of early spring and mid-summer flowering were average spring temperature and
day of snowmelt, which was 21 days earlier, on average, in 2016-2019 relative to the 1973-1978. The
shifts in flowering phenology that we observed could indicate developing asynchronies or novel
synchronies of these plant resources and wildlife species of conservation concern including: Greater
sage-grouse, whose nesting success is tied to availability of spring forbs; grizzly bears -- which rely
heavily on berries for their fall diet; and pollinators. This underscores the importance of maintaining a
diverse portfolio of native plants in terms of species composition, genetics, phenological responsiveness
to climatic cues, and ecological importance to key wildlife and pollinator species. These considerations
are particularly relevant to restoration in sagebrush communities across western North America.

SESSION VII: MANAGEMENT CHALLENGES AND APPROACHES
3:15 pm – 4:15 pm
CAN SEED ENHANCEMENT TECHNOLOGIES IMPROVE WILDLIFE HABITAT RESTORATION?
Maggie Eshleman (1), Corinna Riginos (1), Owen Baughman (2), Chris Donovan (1), Olga Kildisheva (3),
Andrew Olsen (2)
(1) The Nature Conservancy, Lander, WY
(2) The Nature Conservancy, Burns, OR
(3) The Nature Conservancy, Bend, OR
As the threats to the sagebrush ecosystem continue to expand, we are challenged to develop innovative
and effective ways to restore this imperiled ecosystem that provides habitat and food for over 350
species of plants and animals, many of which live nowhere else in the world. Continued drought and the
increasing prevalence of invasive species like cheatgrass degrade wildlife habitat and make restoring
that ecosystem much more difficult. Seed enhancement technologies, an idea adapted from agriculture,
may be one way to improve native plant establishment on disturbed lands. We are currently testing two
seed enhancement technologies (SETs). Herbicide protection SETs allow for simultaneous seeding and
herbicide application by protecting desirable seeds with activated carbon. Our field experiments have
shown about a 3-fold higher emergence from herbicide protection SET than bare seed for perennial
grass species. Our second technology, a Root Enhancement SET, provides nutrients at very early life
stages to boost root growth. In lab experiments we have shown that providing nutrients produces
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longer sagebrush roots and a 2.7-fold increase in root biomass when compared to plant grown without
these nutrients. Both of these SETs have the potential to play important roles in habitat restoration in
Wyoming – from mine reclamation to cheatgrass treatment. To conserve Wyoming’s wildlife, we need
to develop new tools, like SETs, that address these ever-increasing threats and improve restoration of
important habitat and food resources.
SPACEBORNE LIDAR AND ANIMAL-ENVIRONMENT RELATIONSHIPS: AN ASSESSMENT FOR FOREST
CARNIVORES AND THEIR PREY IN THE GREATER YELLOWSTONE ECOSYSTEM
Austin B. Smith (1,2), Jody C. Vogeler (3), Nichole L. Bjornlie (4), John R. Squires (5), Neal C. Swayze (3),
and Joseph D. Holbrook (1,2)
(1) Haub School of Environment and Natural Resources, University of Wyoming, Laramie, WY
(2) Department of Zoology and Physiology, University of Wyoming, Laramie, WY
(3) Natural Resource Ecology Laboratory, Colorado State University, Fort Collins, CO
(4) Wyoming Game and Fish Department, Lander, WY
(5) USDA Forest Service, Rocky Mountain Research Station, Missoula, MT
Wildlife management and conservation requires a firm understanding of habitat use and animalenvironment relationships. The integration of novel remote sensing platforms such as Light Detection
and Ranging technology (LiDAR) can dramatically improve the resolution of insight when evaluating
animal habitat relationships. However, for wide-ranging species occupying forested ecosystems,
conventional LiDAR collection (e.g., airborne or terrestrial laser scanning) may be limited by small spatial
extents and logistical constraints associated with sampling. Here, we integrated NASA’s Global
Ecosystem Dynamics Investigation (GEDI; a spaceborne LiDAR sampling system) with Landsat and
upscaled LiDAR metrics across the Greater Yellowstone Ecosystem (GYE) in Wyoming. Further, we
assessed the relative importance of forest characteristics in influencing occurrence and habitat use of a
suite of forest-dwelling species: Pacific marten (Martes caurina), Rocky Mountain red fox (Vulpes vulpes
macroura), and coyote (Canis latrans), red squirrels (Tamiasciurus hudsonicus), and snowshoe hares
(Lepus americanus) using camera trap data collected during the 2014-2017 winter seasons. Lastly, we
evaluated if and how GEDI-derived structure information aided our efforts in characterizing animalenvironment relationships. We used Random Forest regression models to upscale GEDI footprint-level
information across the GYE and implemented a multi-tiered approach to simultaneously evaluate
animal-environment relationships and whether GEDI metrics improved the animal-habitat models. GEDIderived metrics were some of the strongest covariates in the coyote, red squirrel, and snowshoe hare
models. All five species were influenced to some degree by the frequency of rebaiting a camera trap and
varying conditions of snow depth. Collectively, our work provides one of the first assessments of
integrating GEDI-derived LiDAR into assessments of animal-habitat relationships and provides new
information concerning the habitat relationships of forest carnivores and their prey.
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WILDLIFE-VEHICLE COLLISIONS CONTINUE TO RISE IN WYOMING
Corinna Riginos (1) and Jill Randall (2)
(1) The Nature Conservancy, Lander, WY
(2) Wyoming Game and Fish Department, Pinedale, WY
Across the West, mule deer and other ungulates faces numerous challenges as they come into contact
with human development. Roads present one of the most significant barriers to ungulate movements,
and wildlife-vehicle collisions (WVCs) cause a substantial number of ungulate mortalities. Long-term
WVC data in Wyoming shows a trend of steadily increasing number of collisions. Collisions have doubled
over the past 15 years and, on the current trajectory, will double again by 2035. This is despite the
dramatic reduction in collisions that has taken place at locations where wildlife crossing structures have
been installed. Several locations in the state have experienced note-worthy increases in WVC in the past
5 years relative to earlier time periods. Wildlife-vehicle collisions primarily involve deer and are currently
killing about 2% of the mule deer population per year. Two different economic analysis approaches both
indicate that these collisions are costing ~$55 million per year to the public in human injuries, damage to
vehicles, and lost wildlife value. At current trends, this could exceed $100 million per year by 2035.
Rising numbers of WVC and traffic volume indicate that roads may be becoming ever more of a barrier
to ungulates in the state. These trends, while alarming, are also a motivation to action. A number of
projects are underway or in planning phases to install wildlife crossing structures in new locations in the
state near Big Piney, Dubois and Kaycee. These efforts require extensive partnership and funding, but
they are economically “worth it” in terms of the avoided costs of collisions and benefits to ungulate
habitat connectivity and the safety of the traveling public.
TRADEOFFS WITH UTILITY-SCALE SOLAR DEVELOPMENT AND UNGULATES ON WESTERN RANGELANDS
Hall Sawyer (1), Nicole Korfanta (2), Matthew J. Kauffman (3), Benjamin S. Robb (3), Andrew C. Telander
(1), and Todd Mattson (5)
(1) Western Ecosystems Technology, Inc., Laramie, WY
(2) Haub School of Environment and Natural Resources, University of Wyoming, Laramie, WY
(3) US Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology
and Physiology, University of Wyoming, Laramie, WY
(4) Western Ecosystems Technology, Inc., Golden Valley, MN
Utility scale solar energy (USSE) has become an efficient and cost-effective form of renewable energy,
with an expanding footprint into rangelands that provide important habitat for many ungulate
populations. Using GPS data collected before and after construction, we documented the potential
impacts of USSE on pronghorn, including direct habitat loss, indirect habitat loss, and barrier effects to
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both resident and migratory population segments. Our case study highlights the challenges that USSE
poses to ungulate conservation, including 1) impermeable security fencing that removes habitat and
reduces connectivity, and 2) the lack of guidelines for minimizing solar impacts to ungulates. We
encourage agencies and industry to work towards a unified siting process and develop ungulate-specific
best management practices to minimize habitat loss and retain landscape connectivity. Ungulate
biodiversity and ecosystem services (e.g., long-distance migrations) in arid rangelands are important
considerations when balancing the global benefits of renewable energy with local wildlife impacts.
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student presenters marked with an asterisk (*)
EVALUATING PATTERNS AND DRIVERS OF CATTLE DEPREDATION AND PRODUCER-DEPREDATIONDETECTION RATES IN THE ABSAROKA RANGE, WYOMING
Clint Atkinson* (1,3), Arthur D. Middleton (3), Dan Thompson (2), Frank T. van Manen (4)
(1)
(2)
(3)
CA
(4)

Wyoming Game and Fish Department, Pinedale Regional Office, WY
Wyoming Game and Fish Department, Lander Regional Office, WY
Department of Environmental Science, Policy, and Management, University of California - Berkeley,
Interagency Grizzly Bear Study Team, Bozeman

In recent decades, large carnivores have expanded across the working landscapes of the Greater
Yellowstone Ecosystem. Depredation of livestock by large carnivores is costly, and its management
labor-intensive, for both wildlife management agencies and livestock producers. Research to better
understand patterns and drivers of depredation has potential to help reduce these costs over the long
term, but understanding these patterns and drivers is challenging because of considerable spatiotemporal variation in cattle numbers, seasonal movement patterns of native ungulates, habitat
characteristics, carnivore numbers, and cattle management practices (e.g., cattle breed, timing and
synchrony of calving, and grazing rotations). In addition, inventories of large carnivore-caused losses are
often compiled based on depredations reported by livestock producers and can underrepresent actual
depredation occurring on the landscape. The most recent efforts to evaluate patterns and drivers of
cattle depredation in the GYE are either outdated due to rapidly changing large carnivore populations or
limited due to the available datasets used. Further, research quantifying the rates at which livestock
producers detect depredation (producer-detection rates) is outdated and limited spatially. This project
aims to facilitate research investigating the effect of environmental factors on patterns of depredation
in an area of the Absaroka Range near Cody, Wyoming where gray wolves (Canis lupus), grizzly bears
(Ursus arctos), and other carnivores share the landscape with native ungulate prey and cattle herds of
varied size and composition. We will assess how factors specific to the landscape, large carnivores, and
cattle influence spatio-temporal patterns in depredation through analysis of existing depredation data
collected by the Wyoming Game and Fish Department from 2012-2021. We will also evaluate
contemporary depredation rates and producer-detection rates across different herds through GPS and
VHF tracking of cattle (calves, yearlings, and cows).
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SMALL MAMMALS AREN’T WHY YOU CAN’T FIND SHEDS: MINIMAL EVIDENCE FOR OSTEOPHAGY IN
WESTERN WYOMING
Katie Bearden (1), Rhiannon P. Jakopak (2), Kevin L. Monteith (1, 2, 3)
(1) Department of Zoology, University of Wyoming, Laramie, WY
(2) Haub School of Environment and Natural Resources, University of Wyoming, Laramie, WY
(3) Wyoming Cooperative Fish and Wildlife Research Unit, University of Wyoming, Laramie, WY
Micronutrients such as calcium are crucial for ecosystem functioning, and the distribution is determined
by the underlying geology, nutrient cycling by biotic processes, and human influence. Calcium is a
micronutrient that is used for a variety of physiological processes in animals, including bone growth,
cellular signaling, and others. Some animals obtain calcium by osteophagy, or eating bones/antlers,
which are high in calcium and phosphorus. The popular activity of shed hunting, however, may remove
an important source of calcium from the environment. To better understand the role that shed hunting
may have on the broader ecosystem, we investigated the community of small mammals that consumed
antlers. We anchored mule deer (Odocoileus hemionus) antlers to the ground in mule deer winter
ranges in western Wyoming, U.S.A., May – August 2018. We set up motion-detected camera traps to
capture any small mammal that interacted with the antlers. Our study sites were 8 randomly generated
locations that overlapped with the distribution of small mammals in the winter range. Observed
mammals primarily included rodents and lagomorphs, with deer mice (Peromyscus maniculatus) being
the most observed species. Out of 351 trap days and 197 trap nights, we observed 1256 instances of
small mammals near the antlers, and small mammals directly interacted with (e.g., investigated, sat on)
the antler in 23% of the instances. Upon recovery of the antlers, there was almost no marks from
chewing. We expect this low degree of interaction to result from either calcium being present in the
ecosystem because of the underlying calcium-rich geology, or because the antlers had not yet
weathered enough for calcium to be available to the small mammal consumers.
CHALLENGES AND SUCCESSES FOR COMMUNITY SCIENCTISTS GATHERING POLLINATOR INFORMATION
Christine Bell* (1), Madison Crawford (1), Zoe Short (1), Lusha Tronstad (1)
(1) Wyoming Natural Diversity Database
Pollinators provide invaluable ecosystem services in both agricultural and natural settings.
Unfortunately, many of these animals are experiencing population declines and little is publicly known
about most of them. We implemented a community science program in the summer of 2021 that
collected information on pollinators in Wyoming, with a special focus on bees and butterflies. Five
species (3 bumble bees and 2 butterflies) that are known to occur in the state have been petitioned to
receive federal protection under the Endangered Species Act. Community science can be a valuable
resource to gather more information about declining species and is an excellent method to increase
science literacy in the general public. We developed protocols, guidelines, and data sheets for the
program, and trained 14 participants to collect pollinator and habitat data during summer 2021. Five of
the participants submitted specimens and data and all sample locations were at new locations. The
community scientists collected 245 insects including 8 butterflies and 105 bees. We received positive
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feedback overall from the participants saying they would be interested in participating again. They
praised the program saying they enjoyed learning new things about pollinators. Some setbacks we
experienced were keeping up with communication and juggling the program with our own research over
the summer. We highly recommend implementing more community science programs to enhance
knowledge of declining invertebrates in Wyoming.
COMMON LOON DISTURBANCE MONITORING THROUGH BIOACOUSTICS
Carl W. Brown (1), Lucas Savoy (1), Dave C. Evers (1)
(1) Biodiversity Research Institute, Portland, ME
With only two dozen known breeding pairs, the Common Loon (Gavia immer) is the rarest breeding and
the highest ranked avian Species of Greatest Conservation Need in Wyoming. Key to conserving this
isolated population is understanding impacts to breeding sites. Increased understanding of human
recreational disturbance through improved monitoring methods in 2018 concurrently heightened
awareness of disturbance potential by survey parties. Findings resulted in management actions,
potentially yielding increased productivity at targeted sites. Consequently, additional monitoring
techniques were sought out in 2021 using audio recording units coupled with previously proven trail
cameras techniques. At sites with field derived occupancy, audio recording units had near perfect daily
documentation of loon vocalizations. Hourly occupancy rates allowed for the potential identification of
recreational impacts in addition to the use of contrasting human voices to rates of unique loon
vocalizations such as tremolos, wails and yodels. Continued monitoring of this population and
identifying solutions to breeding site disturbance are key to its long-term persistence.
NICHE SPACE OF YELLOWSTONE UNGULATES
Molly Caldwell* (1), Chris Geremia (2), Daniel Stahler (2), Daniel MacNulty (3), Douglas Smith (2), and
Jerod Merkle (1)
(1) University of Wyoming, Laramie, WY
(2) Yellowstone Center for Resources, Yellowstone National Park, WY
(3) Utah State University, Logan, UT
Niche partitioning reduces competition and facilitates coexistence among species utilizing common
resources. Partitioning is often measured by species-level overlap in diet and habitat use; however,
individual-level behavioral differences at finer spatiotemporal scales such as daily movement patterns
can also contribute to niche partitioning. Yellowstone National Park (YNP) harbors the greatest diversity
of large herbivores outside of Africa, with seven coexisting species: American bison (Bison bison), mule
deer (Odocoileus hemionus), pronghorn antelope (Antilocapra americana), elk (Cervus canadensis),
moose (Alces alces), mountain goats (Oreamnos americanus), and bighorn sheep (Ovis canadensis).
Despite this high diversity, niche partitioning of YNP ungulates has not been well described and
understanding how they coexist helps clarify ecosystem functioning. Using GPS collar data from 5 of the
species in YNP (2016-2021), we quantified seasonal movement, habitat selection, and space use metrics.
Bison and elk had the largest seasonal home ranges while mule deer and bighorn had the smallest.
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Bighorn and bison used steeper and flatter habitats, respectively, and pronghorn and bison used the
lowest tree cover areas compared to the other species. However, patterns of daily space use indicate
that species used many of the same areas daily, with higher overlap between interspecific individuals
compared to conspecifics during 12-hour periods. Lower interspecies overlap during 2-hour daily periods
indicates that species used shared areas at different times of the day. Average species daily activity
patterns differed, with bison, elk, and deer tending to be more crepuscular, while pronghorn and
bighorn sheep were more diurnal. Our findings illustrate multiple axes of niche partitioning, with clear
differences at both broad (species habitat use) and fine (individual daily space use) spatial and temporal
scales. These results clarify our understanding of how sympatric ungulates coexist which facilitates our
understanding of ecological process and management outcomes such as habitat management and
grazing regimes.
UTILIZATION OF TRANSPORTATION STRUCTURES BY BATS IN WYOMING
Logan Detweiler* (1), Riley Bernard (1)
(1) Department of Zoology and Physiology, University of Wyoming, Laramie, WY
Bat populations in North America are declining due to conservation issues such as habitat loss from
anthropogenic land-use change, climate change, and the introduction of disease. Roosting habitat is
critical for bat persistence as bats spend over half their lives within their roosts. Roosts provide shelter
from inclement weather and predators and allows for special behaviors including social organization,
feeding, resting, mating, and rearing young. It is widely accepted that bats use non-traditional roosts
such as bridges throughout North America; however, little is known about the use of these structures
throughout Wyoming. I surveyed WDOT bridges in the eastern third of Wyoming from June to August
2021 for the presence of roosting bats. In total, 296 bridges in 9 counties were surveyed along
Interstates-25, 80, and 90 and Highways 220 and 487. 188 bridges had bat sign (e.g., guano deposits and
urine staining but no bats present) and were classified as night roosts. Four bridges were day roosts
(e.g., adult bats present, but no pups or juveniles), and 4 bridges were maternity roosts (e.g., adults and
pups/juveniles present). In total, 66.3% of WYDOT managed bridges in eastern Wyoming were actively
used by bats or had significant bat sign. At least three bat species were using bridges (Eptesicus fuscus
and two Myotis species). Roosting surfaces of where bats were found were swabbed and samples were
analyzed for the presence of Pseudogymnoascus destructans. Landscape metrics were used to calculate
the percent land associated with used and non-used bridges. Bridge characteristics such as design,
construction material, and features crossed were documented for used and non-used bridges. Concrete
girder and T-beam bridges were primarily used as roosts whereas slab bottom bridges were often
avoided by bats.
POLLINATORS LIMIT SEED PRODUCTION IN AN EARLY BLOOMING RARE PLANT, BARNEBY’S CLOVER
(TRIFOLIUM BARNEBYI), IN CENTRAL WYOMING
Joy Handley (1) and Lusha Tronstad (1)
(1) Wyoming Natural Diversity Database, Laramie, WY
The reproductive ecology of rare plants is often not known, yet the persistence of plant populations
63

depends on successful mutualisms with pollinators and favorable environmental conditions. We
investigated the reproduction of Barneby’s clover, a mat-forming perennial endemic to central Wyoming
that grows in the crevices of sandstone bedrock. Our objectives were to evaluate a method for
monitoring changes in vegetative growth as well as assess the pollination and seed-set of Barneby’s
clover. We established five monitoring locations and used a divided frame to estimate percent cover
along each transect. We conducted seed-set experiments in three locations to measure self-pollination
and if pollinating insects limited seed production. We used vane traps and bee bowls to capture
pollinators and examined pollen carried on bees. Percent cover along transects was closely associated
with spring moisture and the previous year’s results. The percent cover of Barneby’s clover decreased
over the four years we monitored. Barneby’s clover did not self-pollinate, but the plant appeared to be
highly reliant on pollinators. The number and mass of viable seeds per flower, and number of bees
captured increased as the season progressed indicating that more and larger seeds were made when
more pollinators were present. Pollen from Barneby’s clover was primarily carried by Andrena bees,
although we found the pollen on seven other bee genera. A mismatch in timing between blooming and
pollinating insect emergence could limit seed production in the future if Barneby’s clover blooms earlier
over time; however, bloom timing for Barneby’s clover ranged between April and June depending on the
microhabitat the plant lived in and we observed much higher seed production in later blooming plants.
Continued monitoring of mat cover and the timing of blooming will provide information about the
condition of this rare plant.
A THREATENED PLANT IS LIMITED BY LOW SEED PRODUCTION AND DECLINING POPULATIONS
Joy Handley (1) and Lusha Tronstad (1)
(1) Wyoming Natural Diversity Database, Laramie, WY
The reproductive ecology of rare plants is often unknown, and the persistence of most plant populations
depend on successful mutualisms with pollinators and favorable environmental conditions. Sexual
reproduction maintains genetic diversity within populations using pollinators to transport pollen grains
from other plants and produce seeds, and more seeds are typically made in years with favorable
conditions. We investigated the reproduction of Desert yellowhead (Yermo xanthocephalus), a
perennial endemic plant in central Wyoming that grows in two locations within 8 km of each other. Our
objectives were to evaluate a method for monitoring the populations and assess the pollination and
seed-set of Desert yellowhead. We monitored four transects to evaluate trends through time. We
conducted seed-set experiments in both populations to measure self-pollination, assess seed
production, and estimate if pollinating insects limited seed production. We used vane traps and bee
bowls to capture pollinators, and we examined pollen carried on bees. The number of plants along
transects declined since 2013. Desert yellowhead can self-pollinate, but seed viability was extremely
low. The number of seeds produced in flowers pollinated by insects did not differ from hand-pollinated
blooms with excess pollen indicating that pollinators did not limit seed production in 2018. Pollen from
Desert yellowhead was carried by nine bee genera, suggesting that no one specific insect pollinated this
plant. Only 12% of seeds were viable in the main population and 0% were viable in the other population
suggesting that something beyond pollinators limit seed-set (e.g., precipitation). We recommend
regular monitoring and periodic censuses, as well as continued seed-set research to address what is
limiting seed production to advance the knowledge and management of this declining plant population.
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EVALUATING EFFECTS OF LANDSCAPE CHANGE ON MULE DEER IN WYOMING SAGEBRUSH ECOSYSTEMS
Teagan Hayes (1), Tabitha Graves (1), Aaron Johnston (2), Matthew Kauffman (3), Embere Hall (4), Jill
Randall (5)
(1) U.S. Geological Survey, Northern Rocky Mountain Science Center, West Glacier, MT
(2) U.S. Geological Survey, Northern Rocky Mountain Science Center, Bozeman, MT
(3) U.S. Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of
Zoology and Physiology, University of Wyoming, Laramie, WY
(4) Wyoming Game and Fish Department, Laramie, WY
(5) Wyoming Game and Fish Department, Pinedale, WY
Sagebrush ecosystems and wildlife that depend on them are under pressure from development,
changing climate, and natural and human-caused disturbance. Mule deer (Odocoileus hemionus) are of
particular concern due to population declines across many western states. The age ratio (i.e., the
number of juvenile deer per 100 adult females) provides a valuable index of mule deer population
performance as a metric that is relatively sensitive to the effects of environmental conditions on
demography. As part of a multi-faceted study with the Wyoming Landscape Conservation Initiative, we
related age ratios to landscape-level changes across Wyoming over a 39-year period (1980-2019). Age
ratios for many herds trended down over the entire timespan but fluctuated over time and varied by
herd unit. We evaluated whether such variation was associated with forage availability, winter severity,
habitat composition, predation, energy development, and habitat disturbance. We used linear mixed
models with random intercepts for each herd to test our hypotheses. Natural and anthropogenic
disturbances were distributed unequally in space and time across 37 herd units. Oil and gas wells
ranged from 0-4.1/km2, wildfire ranged from 0.00-25.09% of herd unit area, and habitat treatments
ranged from 0.01-10.44% of herd unit area. We will discuss the factors affecting mule deer age ratios in
Wyoming and highlight herd units with the greatest changes over time.
INFECTION RATES AND EFFECTS OF ECTOPARASITES ON DECLINING SAGEBRUSH SONGBIRDS
Don Jones* (1) and Anna Chalfoun (2)
(1) Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology,
University of Wyoming, Laramie, WY
(2) US Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology
and Physiology, University of Wyoming, Laramie, WY
Sagebrush steppe ecosystems throughout North America have been highly converted and altered by
human activities, resulting in population declines of many sagebrush-obligate birds. Long-term
sagebrush songbird research in western Wyoming has detected widespread and apparently increasing
parasitism by bird blowfly larvae on the nestlings of Sagebrush Sparrow (Artemesiospiza nevadensis),
Brewer’s Sparrow (Spizella brewerii) and Sage Thrasher (Oreoscoptes montanus), all of which are
designated Species of Greatest Conservation Need by the WY Game and Fish Department. The effects of
blowfly parasitism on nestling condition and fledgling survival of sagebrush songbirds, however, remain
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largely unknown. Moreover, understanding the environmental conditions leading to higher parasite
prevalence will be important for risk assessments and potential mitigation strategies. Our study
objectives are to 1) quantify the prevalence of blowfly parasitism on nestlings of sagebrush songbirds; 2)
determine whether parasite abundance is influenced by surface disturbance associated with natural gas
development and/or weather conditions, and 3) assess the effects of parasitism on nestling
development and fledgling survival. We will monitor nests of songbirds in 2022 and 2023 within 12 longterm study plots spanning a gradient of surface disturbance in the Upper Green River Basin. Nestlings
will be examined for blowfly larvae and a subset will be color banded, fitted with radio transmitters, and
tracked after fledging. We will analyze the relationship between parasite loads, nestling morphometrics,
and nestling and post-fledging survival for all three songbird species. We will also evaluate relationships
between blowfly prevalence, habitat disturbance surrounding the nest, and temperature and
precipitation. Understanding how habitat disturbance and weather conditions influence parasite
prevalence may have important implications for designing management strategies to address the
impacts of energy development and climate change. Measuring the development of parasitized
nestlings and their survival after fledging will contribute to knowledge about the effects of parasites on
bird populations more broadly.
EFFECTS OF LIFE-HISTORY AND FIDELITY ON MORTALITY DURING MIGRATION
Taylor Kennah* (1), Tayler N. LaSharr (2, 3), and Kevin L. Monteith (2,3)
(1) Department of Zoology and Physiology, University of Wyoming, Laramie, WY
(2) Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology,
University of Wyoming, Laramie, WY
(3) Haub School of Environment and Natural Resources, University of Wyoming, Laramie, WY
Migration is a critical aspect of the annual cycle of many ungulates that allows animals access to and use
of critical resources throughout the year; migrating along elevation gradients allows animals to enhance
access to high-quality forage in the summer and escape harsh environmental conditions in winter.
Seasonal migration of large herbivores is typically completed twice a year, once in the spring and again
in the autumn. Animals only experience the landscape across their migratory routes once or twice a year
unlike their seasonal home ranges, which they occupy for many months of the year; consequently,
animals may be much less familiar with the terrain of their migratory routes and therefore more
susceptible to mortality. Indeed, novel and unfamiliar terrain can be dangerous to navigate, and for
large herbivores, research has demonstrated an increase in the probability of predation when animals
are migrating compared with when they occupy seasonal home ranges. Using a long-term study of mule
deer in the Wyoming Range, we are investigating how a suite of different environmental and life-history
characteristics influence an animal’s susceptibility to mortality during migration each year, including:
age, sex, nutrition, fidelity to route, route length, and timing of migration. To evaluate this question, we
will use a cox proportional hazards model to estimate survival in relation to life history and
characteristics of migratory routes. Understanding the mechanisms that influence the probability of
mortality during migration can provide important insight into the maintenance of migratory routes and
seasonal ranges.
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WITH GREAT POWDER COMES GREAT RESPONSIBILITY: SIERRA NEVADA BIGHORN SHEEP RESPONSE TO
BACKCOUNTRY SKIING
Jaron T. Kolek* (1, 2), Thomas R. Stephenson (3), Kevin L. Monteith (1, 2, 4)
(1) Department of Zoology and Physiology, University of Wyoming, Laramie, WY
(2) Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology,
University of Wyoming, Laramie, WY
(3) Sierra Nevada Bighorn Sheep Recovery Program, California Department of Fish and Wildlife, Bishop,
CA
(4) Haub School of Environment and Natural Resources, University of Wyoming, Laramie, WY
The influence of human activities on wildlife is most notable through landscape change and the ensuing
habitat loss and fragmentation. Nevertheless, human presence can have indirect effects by triggering
antipredator behaviors that can be energetically costly. With an estimated 3.3 billion visits to protected
areas each year in North America and a forecasted 23% increase in visitation in the United States by
2030, trends in outdoor recreation increases the potential for overlap between wildlife populations and
recreational users. Our research seeks to understand how Sierra Nevada bighorn sheep (Ovis canadensis
sierrae) that winter in the alpine respond to backcountry skiing and quantify the potential energetic
costs of altered behavior and activity patterns. We will use user-generated content shared via online
public platforms as well as on-site counts of users to quantify the spatial extent and intensity of
recreational use. We will investigate the effect of backcountry recreation at the home range scale using
GPS collar data analyzed as part of a Resource Selection Function (RSF). We expect sheep to adopt
antipredator behavior in response to backcountry skiers given the unpredictable spatial distribution over
which these activities occur and the near ubiquitous perception of humans as potential predators. Thus,
we predict sheep will modify their winter habitat use in response to backcountry skiers and that these
modifications will be positively related to the level of use. Although this work is still in progress
understanding the potential behavioral and energetic impacts of recreational activity on Sierra Nevada
bighorn sheep is critical for the continued recovery of this subspecies. Furthermore, given increasing
trends in recreational use worldwide, outcomes of this study will help inform conservation and
management of other mountain ungulates in the future.
FULL ANNUAL CYCYLE ECOLOGY: EVALUATING SEASONAL MOVEMENTS OF MULE DEER, ELK AND
MOOSE LIVING IN A COMMON ENVIRONMENT
Carolyn A. Kyle* (1), Tim Thomas (2), Sam Stephens (2), Abel Guevara (3) and Matthew J. Kauffman (4)
(1) Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology,
University of Wyoming, Laramie, WY
(2) Wyoming Game and Fish Department, Cheyenne, WY
(3) U.S. Bureau of Land Management, Cody, WY
(4) U.S. Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, University of
Wyoming, Laramie, WY
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Numerous taxa, migrate between seasonal ranges to meet nutritional requirements and avoid severe
conditions. Traditional ecological research tends to focus on one seasonal range within an animal’s
annual life cycle and rarely incorporates the influence of prior seasons. Consequently, scientists may
misclassify mechanisms underlying demographic variation at the individual or population level. To
incorporate seasonal interactions and advance the ecology of migratory species, scientists have called
for studies that focus on the full annual cycle. The goal of this study is to use the lens of full annual cycle
ecology to evaluate how spring green up and snow accumulation influence the movement ecology of
ungulates across species of varying body sizes living in a common environment. We will make use of preexisting GPS movement data for moose (Alces alces) and elk (Cervus canadensis) in the Bighorn
Mountains, WY. To document year-round movements of mule deer (Odocoileus hemionus) on the north
end of the Bighorn Mountains, we deployed GPS collars on 130 adult female mule deer via helicopter
net-gunning during five major capture events, which occurred in March 2020 (n = 25), August 2020
(n=61), December 2020 (n=39), February 2021 (n=14) and December 2021 (n=23). On the west side of
the Bighorn Mountains, we have documented 73 does that migrate up into the forest, and 1 resident
animal that lives year-round in foothill habitat. On the east side of the Bighorn Mountains, we have
documented 13 does that migrate west up onto the forest and 53 residents that spend their winters on
the east side of the mountains. By focusing on the timing of seasonal range use and migration events, I
will not only evaluate the full annual cycle approach, but also gain insights into how well it discriminates
the snow tolerance and year-round habitat requirements of disparate species.
A DAY IN THE LIFE OF A GAME WARDEN
Kyle Lash (1)
(1) Wyoming Game and Fish Department
Kyle will discuss the various different duties of a game warden to inform those in the audience.
HABITAT SELECTION AND SPACE USE OF MIGRATORY GOLDEN EAGLES (AQUILA CHRYSTAETOS) IN
WYOMING DURING WINTER
Joshua F. Layfield* (1,2,3), Anna D. Chalfoun (1), Bryan E. Bedrosian (3), Jerod A. Merkle (2)
(1) Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology,
University of Wyoming, Laramie, WY
(2) Department of Zoology and Physiology, University of Wyoming, Laramie, WY
(3) Teton Raptor Center, Wilson, WY
The behaviors exhibited by animals throughout their annual cycle are influenced by trade-offs between
costs and benefits. Such trade-offs can occur where animals encounter habitats that yield different
mortality risk due to predation, mating opportunities, and foraging potential. While foraging, most
animals tend to avoid risks, but as forage becomes more scarce they become more risk-tolerant.
However, human-induced rapid environmental change (HIREC) has altered the risk-reward structure
within altered landscapes. How wildlife navigate these novel landscapes remains unclear for many taxa.
Vulnerability to risk factors also likely varies across life stages and with experience, albeit seldom
68

quantified. The golden eagle (Aquila chrystaetos) is a long-lived raptor with both migratory and nonmigratory individuals. Individuals with a migratory strategy often travel long distances and over-winter
in areas that are widely separated from breeding grounds. Wyoming in particular is home to some of
largest concentrations of wintering golden eagles and wind energy potential in the country. With global
energy demands and new development on the rise, understanding the extent to which migratory golden
eagles use risky landscape elements, including energy-associated infrastructure, powerlines, and major
roads, is critical and timely. Using a step selection analysis of over 150 eagles fitted with GPS
transmitters capturing hourly location data during daytime hours in Wyoming, we will examine the
habitat selection and space use of over-wintering golden eagles across different age classes (from
yearlings to adults). By identifying potential factors that may affect selection for areas near human
infrastructure (roads, highways, and powerlines) across age classes, we can provide insight on life stages
that are most vulnerable to anthropogenic mortality, and recommendations for improving options of
mitigating eagle mortality near major roads and powerlines.
MATERNAL DAY-ROOST SELECTION AND INTER- AND INTRA-ANNUAL ROOST USE BY NORTHERN LONGEARED BATS
Renee Lile* (1), Riley Bernard (1), and Ian Abernethy (2)
(1) Department of Zoology and Physiology, University of Wyoming, Laramie, WY
(2) Wyoming Natural Diversity Database, Laramie, WY
Due to habitat loss, and the spread of the pathogen Pseudogymnoascus destructans, the fungus that
causes white-nose syndrome (WNS), many North American bat species are experiencing drastic
population declines. Northern long-eared bat (Myotis septentrionalis; MYSE) populations have
experienced dramatic declines due to WNS and were federally listed as Threatened in 2015. The
resiliency of bat populations against novel stressors is largely dependent on intact habitats where
offspring can mature and thrive. Maternity roosts play an important role in local population
persistence—providing communal sites for females, where they shelter, feed, and raise their young.
While some factors are known about the critical habitats of MYSE in the eastern parts of their range,
there are significant gaps in knowledge regarding the species’ habitat requirements in the West. This
lack of knowledge is an obstacle for wildlife managers at three national parks in South Dakota: Wind
Cave National Park, Jewel Cave National Monument, and Mount Rushmore National Memorial. The
drivers behind MYSE maternal roost selection remain widely under-researched. The standard method of
studying the roosting ecology of forest-dwelling bats is through random-tree comparison. While
random-tree comparison provides important information regarding physical features of a roost that
correlate with bat use, it fails to account for the full set of characteristics bats may use to select roosts.
My research will fill knowledge gaps related to roost selection by focusing on internal roost cavity
characteristics. I plan to collect internal temperature and relative humidity data in maternity roost sites.
In addition to internal cavity characteristics, a standard random-tree comparison approach will be used
to evaluate external characteristics between used and unused trees. Finally, I will deploy camera traps
to determine the intra-annual roosting behaviors of MYSE — thus providing a multi-faceted
understanding of preferred maternity roosts in the Black Hills.
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EVALUATING MOOSE MOVEMENT STRATEGIES AND HABITAT USE ACROSS DISPARATE LANDSCAPES
Lindsay A. Martinez* (1), Tim Thomas (2), Zack Turnbull (2), Cheyenne Stewart (3), Sam Stephens (3),
Corey Class (3), and Matthew J. Kauffman (4)
(1) Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology,
University of Wyoming, Laramie, WY
(2) Wyoming Game and Fish Department, Sheridan Regional Office, Sheridan, WY
(3) Wyoming Game and Fish Department, Cody Regional Office, Cody, WY
(4) U.S. Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of
Zoology and Physiology, University of Wyoming, Laramie, WY
North American moose distribution is expected to shift as climate change alters classic moose habitat
(i.e. boreal forests, mesic shrubland, riparian forest, riparian habitat), especially at the southern extent
of their range. Moose populations in Wyoming, however, seem to thrive in variable habitats that differ
from classic moose habitat. Some Wyoming moose exhibit traditional seasonal migrations while other
herds exhibit mixed movement tactics. Importantly, the reason for these differences in habitat selection
and movement, and their significance for moose resiliency amid changing habitats, are largely unknown.
To evaluate the movement and habitat use of the Bighorn Mountain moose herd, 74 adult female
moose were captured and GPS collared via helicopter and ground darting from March 2017 to August
2020. Preliminary movement data appears to suggest that moose have habitat associations and
migration patterns that are different from moose in western Wyoming. To understand the motivation
behind varying movement strategies, I compared movements, migration strategies, and habitat use of
Bighorn Mountain moose to existing movement data from three other moose herds in Wyoming,
including data from the Jackson herd (n=85, collared in 2005¬-2009), Sublette herd (n=84, 2011-2014),
and the Snowy Range herd (n=30, 2015-2016). I developed resource selection functions for preferred
summer and winter moose habitat and compared environmental covariates that influence habitat
selection for all four moose herds. In particular, my analysis focuses on evaluating seasonal adaptations
that mitigate snowpack and a lack of migration in the Bighorn Mountain moose herd. Understanding
how moose persist with current variation in temperature, precipitation, drought, and snowpack will
provide insights into how moose populations might be expected to respond to climate change. Defining
species-specific habitat selection and distribution can inform habitat management efforts and predict
population distributions amid a changing climate.
POST-RELEASE MOVEMENT BY WYOMING SWIFT FOXES TRANSLOCATED TO THE FORT BELKNAP
RESERVATION, MT
Dana Nelson* (1,2), Hila Shamon (1), William J. McShea (1), Melissa Songer (1), Nucharin Songsasen (1),
Harold Main (3), Timothy Vosburgh (3), and David S. Jachowski (2)
(1) Smithsonian Conservation Biology Institute, Front Royal, VA
(2) Clemson University, Clemson, SC
(3) Fort Belknap Fish and Wildlife Department, Harlem, MT
In species reintroductions, monitoring post-release movement of translocated individuals can provide
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valuable insight into the factors influencing survival, site fidelity, and ultimately, reintroduction success.
Despite the success of multiple reintroduction efforts on tribal lands in Montana and in Canada >20
years ago, an approximately 350 kilometer range gap remains between the restored swift fox (Vulpes
velox) population in northern Montana and southern populations near the borders of Wyoming and
South Dakota. The Fort Belknap Indian Community and partners are translocating swift foxes both to
promote connectivity in this range gap and to return an extirpated species to Nakoda and Aaniiih
sovereign lands. To date, we have translocated and fitted 75 swift foxes with GPS collars from Wyoming
and Colorado to monitor post-release movement and measure progress towards ecological and cultural
goals. In addition to an overview of the translocation process and early progress toward reintroduction
benchmarks, we present preliminary results on the effects of origin, individual factors, and release
strategy on distance travelled in the first two weeks post-release. We discuss the implications of
findings from two years of translocations in terms of adaptive management of the ongoing
reintroduction and for future conservation actions to promote this sensitive species.
WYOMING WILDLIFE FELLOWSHIP: COLLABORATION TODAY FOR TOMORROW'S WILDLIFE
Ryen Nielsen* (1), Steven Antonio (1), Macy Jacobson (1), Dani Jones (2), Rhiannon P. Jakopak (2), Kevin
L. Monteith (1, 2, 3)
(1) Department of Zoology and Physiology, University of Wyoming, Laramie, WY
(2) Haub School of Environment and Natural Resources, University of Wyoming, Laramie, WY
(3) Wyoming Cooperative Fish and Wildlife Research Unit, University of Wyoming, Laramie, WY
Wildlife and fisheries resources are important to the culture, identity, and economy of Wyoming. From
anthropogenic change to shifting public interest, Wyoming’s natural resources face new challenges
every year, further emphasizing the role of conservation on their continued existence for future
generations. The onslaught of issues facing Wyoming’s natural resources has made it more essential
than ever for our future wildlife professionals to obtain advanced, varied, and applicable skills during
their time as an undergraduate. The Wyoming Wildlife Fellowship is a collaboration between the
Wyoming Game and Fish Department and the University of Wyoming designed to help undergraduates
cultivate those skills and create professionals who are well-rounded, highly skilled, and can meet the
challenges of our ever-changing world. Through the Fellowship, undergraduates pursuing careers in
management of wildlife and fisheries receive personalized mentorship and volunteer opportunities that
provide hands-on field experience, the opportunity to network with established professionals, and
guidance on potential career paths. Increasing competition for jobs in natural resource fields requires
students to gain experience beyond the classroom, and the Fellowship provides an opportunity to cover
topics and skills that are often difficult to master in a traditional learning environment alone. In
addition, the Fellowship provides guaranteed access to seasonal positions through a summer internship
with the Wyoming Game and Fish Department. The Wyoming Wildlife Fellowship seeks to ensure that
new generations of wildlife professionals are presented with the best opportunities and mentorship
available, so they can become successful and effective professionals, ultimately helping to successfully
manage and conserve Wyoming’s wildlife resources.
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RAPTOR & CORVID REHABILITATION IN WYOMING & EASTERN IDAHO
Sheena Patel (1)
(1) Teton Raptor Center, Wilson, WY
Teton Raptor Center is a non-profit organization that aims to keep wild birds wild in the Greater
Yellowstone Ecosystem. This mission is achieved through three different pillars which include education,
research, and rehabilitation. Rehabilitation at Teton Raptor Center encompasses a diverse array of
species that are injured, ill, or orphaned and require medical attention and care. Most of the injuries
that wild birds sustain are linked to anthropogenic impacts and often occur from car collisions, poisoning
events, window strikes, illegal shooting events and more. This poster project will highlight data
surrounding the number and frequency of species admitted into the rehabilitation clinic as well as
categorize different admission circumstances that relate to human impact. It will also explore the
survivability and release rate for different species and feature a couple of case studies that correspond
with the data. The admission of avian wildlife to rehabilitation clinics would not be possible without the
use of Teton Raptor Center’s Raptor Rescue Network - a system of volunteers throughout Idaho and
Wyoming that supply their time and resources to transport patients. Since flighted birds know no
bounds in terms of state lines or international borders it’s important that we maintain a robust network
of volunteers. This is something that we aim to bolster in targeted regions of Wyoming where a high
volume of hotline calls come in from. The statistics and data tied to this project aim to inform and
educate individuals on the daily challenges that wild birds face and shed light on the practices that the
average person can do to prevent harm to avian wildlife.
OPERATIONAL INVASIVE ANNUAL GRASS MANAGEMENT SUCCESSES: A WILDLIFE, POLLINATOR, AND
WILDFIRE PERSPECTIVE
Steve Saunders (1), Derek Sebastian (2), Jim Sebastian (3), Rex Lockman (4)
(1) Bridger AgVentures, Belgrade, MT
(2) Bayer Range and Pasture, Greeley, CO
(3) Boulder County Parks and Open Space, Boulder, CO
(4) Laramie County Conservation District, Cheyenne, WY
Invasive winter annual grasses (WAGs) such as cheatgrass, medusahead, and ventenata continue to
negatively impact Wyoming rangeland. Impacts include displacement of species diversity, displacement
of critical wildlife and pollinator habitat, and a drastic increase in fine fuels associated with wildfire.
Since beginning in 2015 in collaboration with all the major Universities in the west including the
University of Wyoming, over 100 research trials and operational treatments have been implemented
with a new WAG tool, Rejuvra. Rejuvra is a new mode of action to land managers that provides multiple
years of invasive WAG control with a single application. This allows for the depletion of the WAG soil
seed bank, ultimately increasing our restoration success. One concern of land managers, ecologists, and
wildlife biologists is the ever-increasing threat of WAGs, the possible permanent displacement of these
in-tact ecosystems, and wildfire risk. Several research sites have included lowland, foothills and
mountains properties that provide critical overwintering habitat for mule deer, elk, and other wildlife,
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and treated areas have provided the opportunity to answer several research questions of interest to
land managers. Our research has shown that mule deer browse for seven different shrub species and
forb forage dramatically increased where cheatgrass was controlled. Invasive WAG treated sites have
also resulted in an increase in pollinator habitat and visitation, and fine-fuel loads are greatly reduced.
These results reinforce the findings of field managers, that cheatgrass and other invasive WAGs pose a
significant threat to the habitat and population of browse and pollinator species in the west.
GROUP DYNAMICS AND SOCIALITY OF MIGRATORY MULE DEER
Anne E. Scholle* (1) and Jerod A. Merkle (1)
(1) Department of Zoology and Physiology, Program in Ecology, University of Wyoming, Laramie, WY
Research on ungulate migration has historically focused on individual animal behavior, despite the
knowledge that most ungulates are social. Based on other studies of ungulates moving within home or
seasonal ranges, it is likely that movement and decision-making in groups of migrating animals may be
influenced by group dynamics and sociality. The first step in assessing this connection is to describe the
group dynamics of migratory ungulates. Our objectives are to: 1) determine group size and composition
during migration and on winter and summer ranges; 2) explore social relationships between individuals
and how they change throughout the year; and 3) examine how often groups fission and fusion during
migration. Through our collaboration with the Wyoming Cooperative Fish and Wildlife Research Unit, we
will test our ideas in the red desert mule deer (Odocoileus hemionus) herd that has been monitored
with over 100 GPS collars per year and over 20 camera traps deployed along migration routes. Using
data from GPS collars we will conduct social network analyses to determine movement and proximity to
other animals. These data will be supplemented with camera trap and drone photos and videos to
determine group size, group composition, and distance between individuals. Our work will clarify how
group dynamics and sociality affect migration decisions such as green wave surfing and ultimately
contribute to an improved understanding of migration ecology. Understanding this relationship can
assist in management recommendations for providing habitat or group conditions that facilitate
successful migration.
SAGEBRUSH SONGBIRD DEMOGRAPHY ACROSS THE FULL ANNUAL CYCLE AND CARRYOVER EFFECTS OF
BREEDING HABITAT CHANGES
Emily Shertzer* (1), Anna Chalfoun (2)
(1) Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology and Physiology,
University of Wyoming, Laramie, WY
(2) U.S. Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of
Zoology and Physiology, University of Wyoming, Laramie, WY
Songbird research has focused historically on the breeding season, leaving large gaps in knowledge
about potential limiting factors to population growth during other life stages. Additionally, most
research into carry-over effects has focused on the effects of factors at wintering grounds on
subsequent reproductive success, whereas the influence of carry-over effects across other life stages
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remain less clear. We aim to address these gaps in three songbird species that breed in the sagebrush
steppe of Wyoming; the Brewer’s sparrow (Spizella breweri), sagebrush sparrow (Artemisiospiza
nevadensis), and sage thrasher (Oreoscoptes montanus) by tracking individuals across the full annual
cycle. The sagebrush steppe has been highly converted and fragmented by human activities, including
energy development, and sagebrush songbird populations are in decline. Though the nest success of all
three sagebrush songbird species decreases across a gradient of increasing surface disturbance due to
natural gas development, the influences of habitat changes associated with energy development on
other life stages remain unknown. Our objectives are to 1) identify the causes and extent of mortality in
fledglings, including carry-over effects from the nesting to post-fledging period and across a gradient of
development, 2) assess annual adult survival and breeding site fidelity in relation to energy
development, and 3) document migratory routes and overwintering areas. We are conducting research
on long-term plots located on the Pinedale Anticline and Jonah natural gas fields in Sublette County, WY.
We are measuring nestlings at a set-stage day and tracking fledglings using radio telemetry to determine
mortality rates, using color-bands and radio tags to track adults across seasons to determine site fidelity,
and deploying light-level geolocators on adults to record migratory and overwintering movements. Our
results will contribute to the conservation of these species by providing a more holistic view of success
and vital rates across the full annual cycle.
WHAT HABITATS ARE BUTTERFLIES OF MANAGEMENT CONCERN USING IN WYOMING?
Zoe Short* (1), Madison Crawford (1), Lusha Tronstad (1)
(1) Wyoming Natural Diversity Database, University of Wyoming, Laramie, WY 82071
Insect pollinators are critical for the survival of most plants, but they are declining worldwide. Little is
known about this essential wildlife in Wyoming, making trends difficult to assess. Two butterflies with a
current Endangered Species Act status are the Monarch butterfly (Danaus plexippus) and Regal Fritillary
butterfly (Speyeria idalia). The renowned Monarch’s range extends across most of North America, but
populations have experienced severe decline in recent decades due to habitat loss, insecticide use, and
climate change. Wyoming is at the western edge of the Regal Fritillary’s range, and the number of
observations across their range has drastically declined. We surveyed 55 sites in eastern Wyoming
during the summer of 2021. Timed transects were performed to survey for butterflies, and floral surveys
were performed using a 1m^2 quadrat to estimate vegetation. General site data was collected, including
habitat (e.g., grassland, sagebrush steppe, forest), land use (e.g., grazing, farming, recreational),
temperature, wind speed, and precipitation. We observed Monarch butterflies at 11 sites and Regal
Fritillaries at 5 sites. Overall, we observed 2307 butterflies representing 28 species and 16 genera.
Preliminary habitat findings showed Monarch butterflies occurred in many different habitats, and most
Regal Fritillary observations occurred in grassland and sagebrush steppe habitats. This study serves to
establish basic information about the distributions and habitats of Monarch and Regal Fritillary
butterflies, which can ultimately help inform management decisions concerning these species.
DO PRECOCIOUS LIFE HISTORY TRAITS EXTEND TO SECONDARY SEXUAL CHARACTERISTICS IN
PRONGHORN?
Lee Tafelmeyer* (1,2) and Pronghorn Harvest Project Collaborators (1,2,3,4,5,6)
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(1) Haub School of Environment & Natural Resources, University of Wyoming, Laramie, WY
(2) US Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of Zoology
and Physiology, University of Wyoming, Laramie, WY
(3) Wyoming Game and Fish Department, Casper, WY
(4) Wyoming Game and Fish Department, Green River, WY
(5) Wyoming Game and Fish Department, Lander, WY
(6) Wyoming Game and Fish Department, Cheyenne, WY
Unique among North American ungulates, pronghorn possess more precocious life history
characteristics relative to their counterparts, including higher maternal investment, more rapid juvenile
growth, earlier reproductive maturity, and earlier achievement of asymptotic body size. It is unclear,
however, whether patterns of precocious growth extend to the secondary sexual characteristics of the
species, such as horn size. Our research aims to investigate how horn growth patterns of males relate to
age in pronghorn, using harvest data from 9 hunt areas across Wyoming during the 2019 – 2020 hunting
seasons. We collected horn size measurements and determined age of harvested males via cementum
annuli analysis. During the 2019 hunting season, 5.5-year-old males had the largest mean horn size
(1826.6 mm), however, 3.5-year-old males achieved 94% of that size (mean horn size of 1722.5 mm). In
2020, 7.5 year old males had the highest mean horn size (1792.5 mm). However, 3.5-year-old males
reached 97% of the average size of 7.5-year-old males, with a mean horn size of 1731.3 mm. Our
preliminary results indicate that pronghorn males achieve mature horn size at a relatively young age,
and demonstrate more precocious growth compared with other North American ungulates. Early
maturation of this secondary sexual characteristic for males relative to other ungulates is accordant with
the overall life history characteristics of pronghorn. Horn size is often an important consideration to
managers of ungulate populations, and understanding how the growth patterns of pronghorn differ
from other ungulates may have important implications for harvest practices. Early maturation in male
pronghorn horn growth may allow more flexibility in harvest practices while maintaining mature horned
males on the landscape.
NEIGHBORS TO NATURE – CACHE CREEK STUDY
Hilary Turner (1), Kate Gersh (1), Courtney Larson (2), Trevor Bloom (2), Linda Merigliano (3), Tim Farris
(3), Chris Owen (4)
(1) Jackson Hole Wildlife Foundation, Jackson, WY
(2) The Nature Conservancy in Wyoming, Lander, WY
(3) Bridger-Teton National Forest, Jackson, WY
(4) Friends of Pathways, Jackson, WY
Launched in the summer of 2018, Neighbors to Nature: Cache Creek Study is a four-way partnership
between the Jackson Hole Wildlife Foundation, The Nature Conservancy in Wyoming, the Bridger-Teton
National Forest, and Friends of Pathways. We placed 27 trail cameras throughout the Greater Cache
Creek area, which is a popular spot for outdoor recreation. We also placed trail use counters at several
trailheads throughout the study area and asked trained citizen scientists to record wildlife observations
in the Greater Cache Creek area using the Jackson Hole Wildlife Foundation’s Nature Mapping Jackson
Hole web application. Our goal is to understand how wildlife and people interact in the study area and
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inform land and wildlife managers so they can make decisions that provide both quality wildlife habitat
and recreational opportunities.Between 2019 and 2021, trail use counters reported a 20.43% increase in
use at the Cache Creek Trailhead and a 26.27% increase in use at the Hagen Trailhead. Since 2018, our
trail cameras have collected over one million images and Nature Mappers submitted 143 wildlife
observations in the project area. We use an artificial intelligence (AI) processor to make sorting and
classifying our trail camera images faster. This AI removes most of the images with no subject while also
classifying images of people, vehicles, and wildlife. To classify wildlife images, we use the Zooniverse
platform which engages citizen scientists from around the world. We have documented over 20 species
of wildlife on our cameras including moose, bears, wolves, cougars, and flying squirrels.
DOODY & THE BEAST: AN ADAPTIVE APPROACH FOR USING FECAL DNA TO ESTIMATE DENSITY OF A
PATCHILY DISTRIBUTED UNGULATE
Jeffrey Wagner* (1), David Christianson (1), Melanie Murphy (1, 2)
(1) Department of Ecosystem Science and Management, University of Wyoming, Laramie, WY
(2) Program in Ecology, University of Wyoming, Laramie, WY
An apt knowledge of species abundance is fundamental to understanding a multitude of mechanistic
ecological processes. Methods for robust abundance estimation exist, but they often require significant
investments of time and money, especially when dealing with rare or patchily distributed species.
Wildlife researchers and managers alike could benefit from the development of abundance estimation
methods that maximize sampling efficiency and the precision of estimates, while minimizing bias and
cost. Such methods can be developed by modifying spatial capture-recapture (SCR) frameworks. We
propose an adaptive sampling for spatial capture-recapture (AS-SCR) framework for estimating the
abundance of a patchily distributed ungulate [Shiras moose (Alces alces shirasi)] in Bighorn National
Forest, Wyoming. This framework consists of two sampling occasions: (1) a rapid, primary sampling
occasion to record an index (i) of moose abundance (number of moose tracks), and (2) an intensive,
secondary sampling occasion at sites where the index value exceeds a threshold to conduct genetic
mark-recapture using fecal DNA. We will implement a hierarchical, Bayesian spatially explicit capturerecapture framework to estimate the abundance of moose exposed to our survey at secondary sampling
sites, using individual microsatellite capture histories and the primary index values to inform detection
probability and abundance. The relationship between the primary index and estimates of abundance at
secondary sampling sites will be estimated using survey-level and site-level covariates to capture
variation in weather conditions, time of day, and seasonality. This relationship will then be used to
predict moose abundance at sites where only the index was measured. This AS-SCR framework aims to
give managers a tool with powerful predictive power for estimating moose abundance without the need
for intensive annual genetic sampling.
HOW DO JUVENILE UNGULATES LEARN TO MIGRATE?
Cody Wallace* (1), Embere Hall (2, 3), Justin Binfet (2), Teal Cufaude (2), Lee Knox (2), Martin Hicks (2),
Heather O’Brien (2), Rob Shipe (2), and Matthew J. Kauffman (1)
(1) U.S. Geological Survey, Wyoming Cooperative Fish and Wildlife Research Unit, Department of
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Zoology and Physiology, University of Wyoming, Laramie, WY
(2) Wyoming Game & Fish Department, Cheyenne, WY
(3) Department of Zoology and Physiology, University of Wyoming, Laramie, WY.
For migratory ungulates, recent evidence has shown that spatial memory shapes migration, but we do
not yet understand the behavioral mechanisms by which migration routes are learned or maintained. It
has long been thought that migratory behavior in ungulates is culturally transmitted, with juveniles
learning migration patterns from their mothers and then adopting them as adults. Unfortunately, this
assumption has never been empirically tested. We will test the social learning hypothesis to advance our
understanding of the behavioral mechanisms that underpin the acquisition of knowledge in ungulate
migration. Specifically, we will address the following predictions: 1) juveniles learn migration strategies
from their mothers and adopt them as adults, and 2) juveniles learn migration strategies from other
animals in their group and adopt them as adults. We will use GPS data from mother-offspring pairs of
both mule deer and pronghorn in their second year of life, at which point they are considered adults,
migrating independently of their mothers. To identify the mechanisms that underpin how juveniles learn
to migrate, we will use a step selection function (SSF). SSFs compare each successive GPS location (step)
with a specified number of available locations that are randomly sampled from the distribution of
observed step length and turning angles. At each used and available step we will extract landscape
variables (slope, elevation, etc.), phenological gradients (green-up, snow depth), natal route (distance to
migration route of mom in the previous year with the fawn), and group dynamics (distance to nearest
neighbor’s route in the same year). This SSF will allow us to simultaneously evaluate what factors are
most important to an ungulate’s ability to navigate during migration. This research could have important
management implications, for example, if juveniles learn from their mothers this could place a higher
conservation value on maintaining existing migration routes.
TETON RAPTOR CENTER'S POO-POO PROJECT: A CONSERVATION AND EDUCATION PROJECT
Meghan Warren (1), Amanda Penn (1)
(1) Teton Raptor Center, Wilson, WY
Each year thousands of cavity-nesting birds become entrapped and die in vertical open pipes. Vault
toilets, the self-contained restrooms found in many of America’s wilderness areas, feature vertical
ventilation pipes that mimic the natural cavities preferred by some species for nesting and roosting.
Birds enter the vault toilet through the ventilation pipe and get stuck in the 'basement' of the vault
toilet. In 2010, Teton Raptor Center (TRC) addressed this problem by initiating a pilot-project, installing
100 'rock' screens on the ventilation pipes of toilets throughout Grand Teton National Park. The rock
screens were very expensive @ $100/screen and snow and leaf litter restricted airflow. Following the
success of the pilot-project, in 2013, TRC created the Port-o-Potty Owl Project or “Poo-Poo Project” and
developed its own screen to prevent wildlife entrapment on a national scale. In the summer of 2019,
TRC created a new and improved stainless steel screen. The Standard 12" stainless steel Poo-Poo
Screens are durable, easy to install, provide superior ventilation and are very affordable at only
$34.50/screen. Since 2013, TRC has distributed over 18,000 Poo-Poo Screens to more than 645 Poo-Poo
Partners located in all 50 States, the US Virgin Islands, and Canada. TRC was awarded the “Wings Across
the Americas Award for Habitat and Partnership” from the USDA Forest Service in recognition of the
conservation impact and partnership of the Poo-Poo Project in 2014. Teton Raptor Center recognizes
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that education in the realm of reducing conflict with wildlife is critical to reducing avian mortalities. In
addition to distributing the screens, TRC takes every opportunity through public programming to also
educate about how and why this project is important. The fun name, the direct impact, and the clear
conservation, results in a project that resonates with anyone who learns about the Poo-Poo Project.
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