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Schedule at a Glance 

Wednesday, March 22nd 

Morning  Field Trips 

11:00 AM TWS Registration 

1:00 PM Welcome and Plenary Session 

5:00 PM Adjourn until evening events 

7:00 PM TWS Social 

7:30 PM Utah TWS Quiz Bowl 

Thursday, March 23rd 
7:30 AM TWS Registration 

8:00 AM Technical Session 

10:15 AM BREAK 

12:10 PM LUNCH 

1:15 PM Technical Session 

3:05 PM BREAK 

3:20 PM Technical Session 

5:00 PM Adjourn for poster session & evening events 

6:30 PM Awards Banquet – (Red Canyon A&B) 

Friday, March 24th 

7:30 AM TWS Registration 

8:00 AM Technical Session 

10:10 AM BREAK 

10:30 AM Technical Session 

11:50 AM Meeting Adjourn 



2017 Sponsors  
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Plenary Session 
 

Although many a biologist became such with the intent to maintain an anti-social tendency, most 

experienced wildlife professionals eventually surrender to the truth that wildlife management inherently 

involves people management. For this year we invited three presenters who have not only surrendered to, 

but have embraced, the human social dynamics involved in natural resource management. We are excited 

to learn from their experience and expertise. 

 

Chad Bishop, Wildlife Biology Program Director, University of 

Montana 

Chad Bishop is Director of the Wildlife Biology Program at 

University of Montana.  As Director, Chad is responsible for a 

wide array of functions tied to running the Program, with an 

emphasis on faculty and student support and Program 

outreach and development.  He also teaches a couple of 

courses and is initiating several ungulate research projects.  

Prior to University of Montana, he spent nearly 16 years 

working for Colorado Parks and Wildlife, where he held 

positions as an ungulate researcher (1999-2009), Mammals 

Research Leader (2009-2012), and Assistant Director (2012-

2015).  He received a Bachelor of Science degree in Biology 

(Fish and Wildlife Management Option) from Montana State University (1995), a Master of 

Science degree in Wildlife Resources from University of Idaho (1998), and a Doctorate degree in 

Wildlife Biology from Colorado State University (2007).   

 

Ben Nadolski, Policy Analyst and Legislative Liaison, Utah 

Division of Wildlife Resources 

Shortly after graduating from Weber State University in 2000 

with a degree in Criminal Justice, Law Enforcement and Zoology, 

Ben was jumping from helicopters and wrestling elk for the Utah 

Division of Wildlife Resources. Today, he is a Policy Advisor and 

Legislative Liaison where he works with various organizations, 

partners, local leaders and lawmakers to develop and implement 

natural resource policies, while working to ensure balance 

between Utah’s natural resources and its socioeconomic 
interests.  

Ben was instrumental in the inception and implementation of 

the Ogden River Restoration Project; a $6-million project in Ogden, Utah, that transformed a 

blighted and polluted river in downtown Ogden into a Blue Ribbon Fishery.  That project paved the 

way for a surge in recreational use and community and economic development for Ogden City. 

Ben earned his Master of Science degree from Utah State University, and is professionally trained 

and certified in Public Management by the Utah Certified Public Managers Institute and in 

community and organizational leadership by the Management Assistance Team Conservation 

Leadership Program in Shepardstown, West Virginia.  



Ben is heavily involved in his community, where he currently serves as a member of the Ogden 

City Council, Ogden Redevelopment Agency, Ogden Municipal Building Authority, Ogden City 

Recreation Master Plan Steering Committee, City Council Community Engagement and 

Communications Committee, City Council Public Safety Policy Committee, and represents Ogden 

City on the Utah League of Cities and Towns Policy Committee.  Ben has also served on the Board 

of Directors and the Executive Team for the GOAL Foundation, the Ogden School District’s Seeking 
Excellence in Education Committee, and the Weber State University Wildcat Club Board of 

Directors, just to name a few. 

Ben played football at Weber State University and Phoenix College, and is an avid supporter of 

WSU’s academic and athletic programs. A native of Phoenix, Ariz., Ben and his wife Jaynee have 
two young daughters, Hazel (6) and Millie (5). 

 

Gus Warr, Wild Horse and Burro Program, BLM 

Gus Warr has been the Utah state program manager for the 

Bureau of Land Management (BLM), Wild Horse & Burro Program 

(WHB)  for over 15 years.  His duties affords him the opportunity 

to oversee all aspects of the WHB program in the state of Utah, 

and work nationally on many facets of the program.  Gus started 

his BLM career as a Wild Horse & Range Management Specialist in 

Cedar City and spent a dozen years in that capacity. He is a 

graduate of Utah State University in Range Science.  When note 

working the WHB program, Gus loves to spend as much time as 

possible with his wife of 28 years Gailynn, and his two kids and 

their spouses.  In his spare time, he enjoys being in the outdoors 

hunting, fishing, camping and working the family farm and cattle 

ranch in Erda (Tooele County), Utah. 

 

 

 

 

 

 

 

 



Nominees for the Utah Chapter of TWS Board 

PRESIDENT ELECT: 

Stephanie Graham – Stephanie grew up in a big city and 

took every opportunity to escape and explore more wild 

areas where she enjoyed hunting, camping, and 

fishing.  While receiving her B.S. in Biology: Ecology, 

Evolution, Behavior from the University of Texas she 

spent her summers in Colorado researching black bear 

ecology.  After graduating she quickly fled to Colorado 

for a more permanent life in the mountains researching 

carnivores.  She then received her M.S. in Wildlife 

Biology from Utah State University where she studied 

sage-grouse response to firebreaks.  After receiving her 

M.S. she worked for an environmental consulting firm 

where she managed infrastructure, mining, and energy 

projects throughout the state.  That experience translated into a greater understanding of private 

industry as she then transitioned into her current position as a wildlife biologist at the U.S. Fish 

and Wildlife Service.  She currently leads the migratory bird program and works on Section 7 

consultations for threatened and endangered species.  Through state-wide partnerships, such as 

the Utah Eagle Working Group, Utah Bat Conservation Cooperative, and Great Salt Lake Tech 

Team, she has conducted raptor and bat research, migratory bird habitat restoration, and 

collaborative consistent regulatory compliance.  Outside of the office, she enjoys outdoor 

activities with her young daughter, hunting, gardening, and traveling. 

 

Rusty Robinson – Rusty has a B.S. degree in 

Biology from BYU-Idaho. During his 

undergraduate education, he was employed 

by the Idaho Department of Fish and Game 

where he worked with a variety of species 

including bats, swans, wolves, peregrine 

falcons, and ground squirrels. Rusty then 

earned a M.S. degree in Wildlife and 

Wildlands Conservation from BYU. For his 

master’s thesis, he studied maternal denning 

of polar bears on the North Slope of Alaska. 

He is currently working on a PhD from BYU 

studying desert bighorn sheep in the North San Rafael Swell. He has been employed by the Utah 

Division of Wildlife Resources for the past year as the statewide bighorn sheep and mountain goat 

biologist, working out of the Salt Lake office. 

 

 

 



ODD YEAR BOARD MEMBER: 

Keeli Marvel – Keeli is a Natural Resource Specialist for the Army at 

Dugway Proving Ground. She grew up camping, hiking, skiing, and 

tagging along on her dad’s hunts and learned to love the outdoors 
from a young age. She received her Bachelor’s and Master’s degrees 
in Wildlife and Wildlands Conservation from Brigham Young 

University. As an undergrad, she spent her summers monitoring 

Northern Goshawk nests all over southern Utah as a biological 

technician for Dixie National Forest. That job provided the 

opportunity to complete a Master’s Thesis analyzing nest habitat 
characteristics and nesting success of Northern Goshawks in the 

National Forests of southern Utah.  Fresh out of grad school she 

joined the ranks as a Wildlife Technician working on various projects 

under the Wildlife Disease program of the Utah Division of Wildlife Resources in the Salt Lake 

Office. There she learned to love wearing brown and also how to not get grossed out cutting out 

ungulate lymph nodes, among other useful skills. After a few years working for the state, an 

opportunity opened up to work for the DoD at Dugway Proving Ground. At DPG, she works closely 

with the testing and training programs to provide environmentally sustainable support for the 

military Mission and compliance with environmental laws through the NEPA process and through 

partnerships with state, federal, and educational entities.  There she is known locally as the Bird 

Nerd and she strives to live up to that title. In her free time she leads the Utah County Birders in 

her 4th year as the club president and field trip coordinator. She loves to ski, hike, go birding, and 

travel.  

 

Anthony Gray - I received my bachelor’s degree at 
Texas A&M University-Kingsville in Range and 

Wildlife Management.  While in school, I was able to 

get into the Forest Service Student Career Emphasis 

Program (SCEP).  I worked two summers as a 

range/wildlife technician, which I conducted surveys 

on Management Indicator species and vegetation 

studies.  After graduating in 2010, I accepted a 

permanent wildlife technician position for the 

Forest Service on the Heber-Kamas Ranger District.  

I am currently the Heber-Kamas Ranger District Wildlife Biologist in Heber City, Utah.  I enjoy 

hunting/fishing, playing sports, and travelling around looking for new adventures. 

 

 

 

 

 

 

 



Detailed Meeting Schedule 
Note: Names of presenters are provided below, full authorships are included in the abstracts on the online version 

Wednesday, March 22nd 

Morning 

Field Trips 

Bear Den Field Trip – Meet at Ruby’s Inn - 0800 

Sage-grouse Lek Visit (Jake Schoppe)– 0700 Subway Jnct 

Hwys 12&63 

See Website 

for Specific 

Details  Birding in Red Canyon Area (Cooper Farr) – Ruby’s Inn at 
0800 

11:00 AM TWS Registration 

1:00 PM 
Welcome to TWS Meeting 

Red Canyon 

A&B 

Brock McMillan, UT TWS Chapter President 

1:15 PM 
Opening Remarks 

Greg Sheehan, Director Utah Division of Wildlife Resources 

1:30 PM 

Invited Speaker 

Chad Bishop, Wildlife Biology Program Director, University of 

Montana 

2:30 PM Break 

3:00 PM 

Invited Speaker 

Red Canyon 

A&B 

Ben Nadolski, Policy Analyst and Legislative Liaison, Utah 

Division of Wildlife Resources 

4:00 PM 
Invited Speaker 

Gus Warr, Wild Horse and Burrow Program, BLM 

5:00 PM 
Adjourn until evening events 

Dinner on your own 

7:00 PM 
TWS Social 

Red Canyon 

A&B 

Light refreshments and appetizers 

7:30 PM 
Utah TWS Quiz Bowl 

Frank Howe  

Thursday, March 23rd 
7:30 AM TWS Registration 

8:00 AM 
Announcements and TWS Business 

Red Canyon 

A&B 

Brock McMillan - Chapter President 

Session Moderator: Stephanie Graham (President Elect – Nominee) 

8:15 AM 

Monitoring mule deer-cougar interactions across bellwether 

units 

David Stoner 

8:35 AM 

Ungulate migrations in Wyoming: Incorporating new science 

into wildlife policy and management 

Bob Lanka 

8:55 AM 
Overwinter body condition decline of mule deer in Utah 

Kent Hersey 

9:15 AM 

Modelling future predictions of mule deer survival using 

weather and primary productivity: short and long-term 

forecast of survival updated in an adaptive modelling format 

Andrew Sims 



9:35 AM 

Public perception before and after urban mule deer 

translocation 

Channing Howard 

9:55 AM 
Bear Safety messaging - time to rethink? 

Tom Smith 

10:15 AM BREAK 

Session Moderator: Rusty Robinson (President Elect – Nominee) 

10:30 AM What goes into a hunt recommendation 

Red Canyon  

A&B 

  

  

  

  

  

  

  

  

  

  Justin Shannon 

10:50 AM 
How many and when? A primer on Utah upland game bag 

limits and season dates 

  Avery Cook 

11:10 AM 
Impact of group size, rearing type, and water availability on 

the dispersal of translocated chukars 

  Justin Bingham 

11:30 AM 
Preliminary report: forest grouse ecology and management 

in the Bear River Range, Utah 

  Skyler Farnsworth 

11:50 AM 

Assessing natural seed dormancy loss in alkali bulrush 

(Bolboschoenus maritimus): Duck ingestion and natural cold 

stratification 
 Bret Mossman 

12:10 PM 
LUNCH  

On your own 

Session Moderator: Anthony Gray (Odd-year Board Member – Nominee)  

1:15 PM BYU TWS Chapter Update - TBD  

1:30 PM 

The Great Salt Lake Ecosystem Program: 20 years of 

managing and conserving the avian aquatic communities of 

Great Salt Lake 
  

  

  

  

Red Canyon  

A&B 

  

  

  Ashley Kijowski 

1:50 PM 

Greater sage-grouse responses to livestock grazing in 

sagebrush rangelands 

Wayne Smith 

2:10 PM 
Greater sage-grouse responses to pinyon-juniper removal: 

mitigating resistance in an anthropogenic altered landscape 

  Justin Small 

2:30 PM 

Ecology of the Morgan-Summit greater sage-grouse 

population: Conservation implications for landowners and 

managers 

  Brandon Flack   

2:50 PM USU TWS Chapter Update - TBD   

3:05 PM BREAK 

Session Moderator: Keeli Marvel (Odd year Board Member – Nominee) 

3:20 PM 
Utah Golden Eagle research soars with support from 

Department of Defense 
  

  Steve Slater  Red Canyon  

A&B 

  
3:40 PM 

Thermal ecology, reproductive success, and climate 

adaptability of burrowing owls 



  Carl Lundblad   

 
4:00 PM 

Hawkwatch international's American Kestrel Study 

Jesse Watson 

4:20 PM 

Identifying factors associated with eagle vehicle strike risk in 

Utah 

Steve Slater 

4:40 PM 
Tracking the American White Pelican 

Adam Brewerton 

5:00 PM Adjourn for poster session & evening events   

POSTER SESSION 

5:00 PM 

Camera Traps as a Tool for Conservation 

 

Pinion/ 

Manzanita 

Conference 

Room 

Tara Christensen 

Compensatory response of Common Carp (Cyprinus carpio) 

Kenen Goodwin 

5:00 PM 

The USFWS Western Golden Eagle Team needs your help 

developing a conservation strategy for Golden Eagles within 

the Central Great Basin. 

Steve Slater 

Greater Sage-Grouse winter forage selection: Is Treated 

Sagebrush Tasty 

Jason Wood 

Citizen science bird monitoring builds community capacity, 

generates novel information, and guides stewardship of 

Alta, UT 

Cooper M. Farr 

A study of bobcat on the Hill Air Force Base, Utah Test and 

Training Range 

Kyle Muncey 

Black bear activity at backcountry campsites in Bryce 

Canyon National Park, UT 

Wesley Larson 

Habitat use and movements of kit fox on the Utah Test and 

Training Range 

Tyler Glazier 

Assessing global positioning system telemetry techniques 

for estimating wolf predation in the High Artic 

Nicole Tatton 

Cougars in Cache: approaching the beast from multiple 

perspectives 

Margaret Hallerud 

Caching and activity levels in woodrats 

Jennifer Nichols 

Ecology of Mouflon Hybrid Sheep in Hawaii 

B.J. Adams 

Is Perception Reality? Habitat use, harvest, and movement 

of mule deer on the south Manti Unit 

Sydney Lamb 



Assessment of factors associated with moose-vehicle 

collisions and their relationship to moose seasonal 

movements in the Matanuska-Susitna Valley of Alaska 

Luke McDonald 

5:00 PM 

Hunter Harvest of Elk (Cervus Elaphus): Does Habitat 

Selection Predict Harvest Risk 

Pinion/ 

Manzanita 

Conference 

Room 

Maksim Sergeyev 

Determinates of Moose Population Growth in Utah 

Sam Robertson 

Are remote cameras a viable method to estimate mule deer 

populations? 

Jacob Fullmer 

Changes in Fix Frequency of GPS Collars During Spring 

Migration of Mule Deer in Utah’s West Desert 

Levi Watkins 

Cultivation legacy effects on vegetation structure and plant 

community composition following shrub reduction in Utah 

Allison Jones 

6:30 PM Awards Banquet Red Canyon 

A&B 

Friday, March 24th 

7:30 AM TWS Registration 

7:55 AM     UT TWS Announcements 

Session Moderator: Adam Brewerton (Driest Sense of Humor Award Nominee) 

8:00 AM 

Antler deformities in mule deer (Odocoileus hemionus) from the 

Paunsaugunt Unit, Utah 

Red 

Canyon 

A&B 

Annette Roug 

8:20 AM 
Optimizing detection of a desert carnivore at scent stations 

Kelsey Richards 

8:40 AM 

The environmental context of predator-specific rates of predation 

on snowy plover nests 

Kristen Ellis 

9:00 AM 

Subterranean caching of domestic cow (Bos taurus) carcasses by 

American badgers (Taxidea taxus) in the Great Basin Desert, Utah 

Ethan Frehner 

9:20 AM 
White-tailed Prairie Dog Monitoring in Utah 2008–2016. 

Kimberly Hersey 

9:40 AM 
UT TWS Chapter Business Meeting 

Brock McMillan 

10:10 

AM BREAK 

Session Moderator: Justin Shannon (Driest Sense of Humor Award Nominee) 

10:30 

AM 

Dark Kangaroo Mouse population dynamics from 1930 to present 

in the eastern Great Basin 

Red 

Canyon 

A&B Samantha Phillips 



10:50 

AM 

Community-based conservation and the future of wildlife 

management: lessons learned in war 

Terry Messmer 

11:10 

AM 

A biologist's role in creating successful and responsible wind 

energy projects 

Joseph Platt 

11:30 

AM 

A novel tool for prioritizing wildlife management actions that 

accounts for exposure to potential climate changes 

Edd Hammill 

11:50 

AM Meeting Adjourn   

 

 

ABSTRACTS 

Oral Presentations 
 

Thursday 

 

MONITORING MULE DEER-COUGAR INTERACTIONS ACROSS BELLWETHER UNITS 

 

David C. Stoner1, Julie Young1, Joseph O. Sexton2, Thomas C. Edwards, Jr. 1,3 

1Department of Wildland Resources, Utah State University, Logan, UT 84322-5230. 
2Global Landcover Facility, Dept. of Geographical Sciences, University of Maryland, Hartwick Building, College Park, 

MD, 20740. 
3U.S. Geological Survey, Utah Cooperative Fish and Wildlife Research Unit, Quinney College of Natural Resources, 

Dept. of Wildland Resources, Utah State University, 5230 Old Main Hill, Logan, UT, 84322-5230. 

 

Mule deer (Odocoileus hemionus) and cougars (Puma concolor) are habitat generalists distributed throughout western 

ecosystems. Local densities vary widely as a function of climatic/environmental conditions. Consequently, natural 

resource managers require a means of estimating species abundance across the range of conditions found within their 

jurisdictions. Ecological theory states that energy transfer diminishes predictably across trophic levels, suggesting that 

measures of primary productivity can be used to estimate consumer abundance. We evaluated this hypothesis by 

estimating spatial variation in density of mule deer and cougars across a climatic gradient in the Southwest. We 

measured growing-season primary productivity on mule deer fawning ranges with the Normalized Difference 

Vegetation Index (NDVI), which was used to predict variation in mule deer abundance among wildlife management 

units in Utah. We used cougar GPS data sampled from the Great Basin, Colorado Plateau, and Mojave Desert 

ecoregions to measure variation in home range size with respect to changes in primary production. We then used the 

reciprocal of home range area as an index of cougar density (adults/100 km2) to estimate predator-prey ratios as a 

function of peak-of-season NDVI. Deer and cougar density varied positively and significantly with primary productivity, 

but the predator-prey ratio remained constant across climatic zones. Cougar density estimates approximated those 

derived from intensive mark-recapture techniques. We discuss the utility of integrating satellite imagery with in situ 

data to inform large scale assessments of big game abundance in the Intermountain West. 

 

UNGULATE MIGRATIONS IN WYOMING: INCORPORATING NEW SCIENCE INTO WILDLIFE POLICY AND 

MANAGEMENT 

Bob Lanka1 and Bill Rudd2 
1 Statewide Wildlife and Habitat Management Supervisor, Wyoming Game and Fish Department, 5400 Bishop Blvd., 

Cheyenne, WY 82006.  307-777-4580.  bob.lanka@wyo.gov 
2 Bill Rudd, Wyoming Migration Initiative Co-founder, 315 W Riding Club Road, Cheyenne, WY 82009.  307-630-2642.  

billrudd2@gmail.com 

The cumulative effect of landscape scale development threatens the integrity of long distance ungulate migrations.  

mailto:bob.lanka@wyo.gov
mailto:billrudd2@gmail.com


The Wyoming Migration Initiative (WMI), in cooperation with the Wyoming Game and Fish Department (Department) 

and multiple partners, uses data from GPS collared ungulates to map migration corridors.  Animals are captured and 

fitted with GPS collars and multiple locations are collected daily throughout an annual cycle of migration.  With an 

adequate and representative sample of the population and through the use of Brownian Bridge Movement Models it 

is possible to statistically map migration corridors, stopover habitats and migration bottlenecks.  The Wyoming 

Chapter of The Wildlife Society, WMI, and others helped the Department develop defensible definitions for each of 

these migration habitats.  After an extensive public outreach effort, the Wyoming Game and Fish Commission 

designated migration corridors, stopover habitat, and bottlenecks as “Vital” in their mitigation policy.  This policy 
directs the Department to work with project proponents on a case-by-case basis, “to recommend no significant 
declines in species distribution or abundance or loss of habitat function.”  The Department is working to officially 
delineate migration habitats so that land management agencies and project proponents can consider these important 

landscape features in project planning. 

OVERWINTER BODY CONDITION DECLINE OF MULE DEER IN UTAH 

 

Kent R. Hersey1, Randy T. Larsen2, Justin M. Shannon1, Brock R. McMillan2 
1Utah Division of Wildlife Resources, Salt Lake City UT 84116 

2Brigham Young University, Provo UT 84602 

 

Utah Division of Wildlife Resources began monitoring mule deer survival on 7 management units representing the 

range of environmental conditions found across the state in 2009.  Although this project provided valuable data on 

annual survival, specifics on factors influencing differences between units and among years were lacking.  

Consequently, UDWR switched to GPS collars and began assessing mule deer body condition on these units in 

December 2014.  We also recaptured a subsample of deer on each unit the following March to assess the rate of 

decline of fat reserves during winter months.  Percent ingesta-free body fat averaged 9.8 (8.1–10.7) and 9.0 (7.4–11.2) 

in December 2014 and 2015, respectively.  Average rate of decline of fat reserves for the past 2 winters averaged 29% 

(22%–37%) for winter 2014-2015 and 33% (23%–43%) for winter 2015-2016.  In general, percent ingesta-free body fat 

increased with latitude; however, percent decline of fat reserves during winter also increased with latitude.  As this 

project progresses, data analyses will focus on identifying factors that have the greatest influence on the body 

condition of mule deer at the beginning and end of winter in Utah.  Winter severity, summer drought, and population 

size relative to carrying capacity are all suspected to play a role in observed differences in body condition.  

Additionally, we will determine the influence of habitat treatment projects on mule deer.  Specifically we will examine 

how treatment projects may improve body condition of mule deer going into winter or slow the rate of decline during 

winter.  

 

MODELLING FUTURE PREDICTIONS OF MULE DEER SURVIVAL USING WEATHER AND PRIMARY PRODUCTIVITY: SHORT AND LONG-TERM 

FORECAST OF SURVIVAL UPDATED IN AN ADAPTIVE MODELLING FORMAT 

 

S. Andrew Sims1, David Stoner1, David Koons1, Kent Hersey3, Heather Bernales3 

Tom C. Edwards, Jr.1,2  
1Department of Wildland Resources, Quinney College of Natural Resources, Utah State University, Logan, UT 84321 

2United States Geological Survey, Utah Cooperative Fish and Wildlife Research Unit, Logan, UT 84321 
3Utah Division of Wildlife Resources, Salt Lake City, UT 84114 

 

Wildlife managers are required to make decisions affecting the future of managed wildlife species based on the 

current collected metrics of that species. The ability to project these estimate into the future, both on a short-term 

and long-term timescale, serves as an indispensable tool for assisting these decisions. In this study, we utilized an 

extensive survival dataset collected across the state of Utah for mule deer (Odocoileus hemionus) to assess the ability 

to project estimates of survival into the short and long-term future. We also provide a framework of increasing the 

accuracy of these estimates overtime by rapidly integrating new predictor variable and survival data into the models 

as it becomes available, a process referred to as adaptive modelling. Furthermore, we are able to extrapolate 

estimates of projected survival from areas with detailed survival data to areas lacking extant survival data through the 

use of ubiquitous predictor variables. By using lagged, seasonal weather and primary productivity data, we were able 

to develop relationships for projecting survival into a future season using data from a current season. We also 

demonstrate the ability of projecting expected change in survival multiple years into the future based on expected 

change in climate, a process achieved through the use of climate projection models. Finally, we simulated an adaptive 

modelling example to demonstrate the increase in accuracy for these estimates as new data is integrated into the 

models overtime. By understanding the applications and limitations of these models we are able to maximize their 

potential in aiding the short and long-term management decisions pertaining to mule deer. It is important to not rely 

on these models in isolation, rather, pairing these models with other sources of information (e.g., empirical evidence, 

expert opinion, and literature) can provide a robust process for making decidedly informed management decisions.  



 

PUBLIC PERCEPTION BEFORE AND AFTER URBAN MULE DEER TRANSLOCATION 

 

Channing R. Howard1,3, Mark K. Brunson2, Mary L. Conner3, David N. Koons4 

1Utah Division of Wildlife Resources, Salt Lake City, UT 84116  
2Department of Environment and Society, Utah State University, Logan, UT 84322 

3Department of Wildland Resource, Utah State University, Logan, UT 84322 
4Department of Wildland Resource and the Ecology Center, Utah State University, Logan, UT 84322 

 

Over-abundant urban mule deer (Odocoileus hemionus) is a relatively new phenomenon throughout much of western 

North America.  Wildlife managers in Utah have begun using herd reduction techniques, including translocation, to 

mitigate these issues in cities along the Wasatch Front.  Understanding resident’s attitudes towards the deer, 
problems caused by deer and management options is crucial in assessing an urban deer management program.  We 

studied longitudinal and cross sectional change in attitudes and beliefs pre- and post-translocation towards mule 

deer.  In 2014, we used telephone surveys to sample 488 Bountiful, Utah residents pre-translocation.  In 2016, we 

resampled 245 original respondents and 462 new respondents post-translocation.  Damage to gardens and 

landscaping and vehicle collisions were viewed as the most serious problems caused by the deer.  The majority of 

residents across sample groups believed trap and relocation was the most acceptable management solution.  

Compared to 2014, respondents to the 2016 survey provided weaker support for statements that there are too many 

deer in the city and that management action must be taken. 

 

BEAR SAFETY MESSAGING – TIME TO RETHINK? 

  

Tom S. Smith1 and Stephen Herrero2 
1Wildlife and Wildlands Conservation Program, Brigham Young University, Provo, 84602 

2Environmental Science Program, Faculty of Environmental Design, University of Calgary,  

Calgary, AB T2N 1N4, Canada  

 

Bear conservation is not only dependent upon adequate habitat, sustainable mortality, but also on the public’s 
attitudes towards them. Whenever bear attacks occur, an uptick in defense of life or property bear mortalities occurs.  

Bear-human conflict is bad for people and bad for bear conservation.  Bear safety messaging plays an important role 

in avoiding bear conflict.  Yet today, many bear messages are contradictory, confusing, not science-based, and, at 

times, dangerous.  To assess the current status of bear safety messaging we investigated a number of areas:  1) bear 

conflicts data – what outcomes were associated with what actions when bears and humans clashed?  2) bear safety 

literature – what exactly are experts telling the public to do? 3) bear ecology – does current messaging make sense 

from a behavioral perspective? and 4) we have conducted our own research to better understand how bears react to 

a variety of stimuli to determine for ourselves how bears react to a variety of stimuli.  We analyzed nearly 700 bear-

human conflicts in Alaska to see how bears reacted to people’s reaction to them.  We combed through a number of 
bear safety sources and extracted the most commonly disseminated advice to the public.  We reviewed the published 

literature to see if bears’ behavior was consistent with what people believed they should do under a variety of 
scenarios.  Finally, we conducted our own experiments (about 2,000) to determine how bears respond to a variety of 

anthropogenic stimuli. We present our findings and make recommendations regarding safety messaging for agencies 

and persons engaged in efforts to inform the public.  

WHAT GOES INTO A HUNT RECOMMENDATION? 

  

Justin Shannon1, Kent Hersey1, Dax Mangus2, Heather Bernales1, Randy Larsen3, Brock McMillan3 
1Utah Division of Wildlife Resources, Salt Lake City, UT 84116 

2Utah Division of Wildlife Resources, Northeast Region, Vernal, UT 84405 
3Brigham Young University, Provo, UT 84602 

 

Wildlife management involves a delicate balance between using the best available science and obtaining public input 

to achieve social desires.  Over the past several years the Utah Division of Wildlife Resources (UDWR) has interviewed 

recently graduated students for wildlife biologist positions, and many of these students have struggled to answer 

harvest related questions as they relate to big game.  At the most basic level, harvest management involves 

identifying where populations should be, estimating where populations currently are, and constructing a hunting 

strategy to make progress towards desired objectives.  In an effort to provide guidance and clarity on big game 

management, UDWR writes management plans for all big game species in Utah.  These management plans identify 

desired population objectives and define criteria for hunting males (e.g. buck to doe ratios for mule deer, average age 



of bull elk in the harvest, etc.).  Once management plans are taken through a public process and approved by the Utah 

Wildlife Board, biologists make harvest recommendations in accordance with the objectives and criteria outlined in 

the plans.  Classification data, aerial surveys, population models, tooth cementum analysis to estimate ages of 

harvested animals, and estimating harvest and success rates are all methods used to know where big game species 

are relative to their population objectives and harvest-related criteria.  Here, we present the biological and social 

processes involved in constructing a hunt recommendation and examples of how big game species are managed via 

hunting in Utah.  Our goal is to better prepare future biologists to answer harvest related questions, and to educate 

on the strategies involved in harvest management.   

 

HOW MANY AND WHEN? A PRIMER ON UTAH UPLAND GAME BAG LIMITS AND SEASON DATES 

  

Avery Cook, Jason Robinson, Blair Stringham 

1Utah Division of Wildlife Resources, 1594 W North Temple, Salt Lake City, UT 84116  

  

Utah is one of the most diverse states in the US for upland game hunting with 18 managed species providing upland 

game hunting opportunity across 10 months of the year, and an additional 3 unmanaged lagomorph and dove species   

Upland game season dates and bag limits are set in Utah based on ecological traits such as reproductive rate, seasonal 

life history, habitat use, susceptibility to harvest, as well as social considerations and tradition.  Harvest strategies vary 

considerably from species to species ranging from a large bags and 6 month seasons to single permits and seasons 

lasting only a few weeks.  We will discuss the ecological and social factors influencing season dates and bag limits for 

many of the upland game species managed by the Utah Division of Wildlife Resources. 

 

IMPACT OF GROUP SIZE, REARING TYPE, AND WATER AVAILABILITY ON THE DISPERSAL OF TRANSLOCATED CHUKARS 

R. Justin Bingham1, Randy T. Larsen1, Frank P. Howe2, and Jason D. Robinson3 
1Department of Plant and Wildlife Sciences, Brigham Young University, Provo, UT 84602-5253 

2Utah Division of Wildlife Resources University Research Liaison, Department of Wildland Resources, Utah State 

University, Logan, Utah, 84322-5230 
3Utah Division of Wildlife Resources, 1594 W North Temple, Salt Lake City, UT 84116  

Translocation is commonly used in wildlife conservation and management as an artificial surrogate for natural 

dispersal and colonization.  Satisfactory translocations of diverse species have been reported in the literature.  

Nonetheless, determining the effectiveness of most translocations is difficult because of monitoring constraints after 

relocation.  Little is known regarding dispersal of chukars (Alectoris chukar), a widely introduced phasianid, after 

translocation.  To evaluate differences in dispersal by rearing type of translocated chukars, we released 542 radio-

marked pen-reared individuals and 249 radio-marked wild-trapped birds into novel environments from 2010-2014.  

Additionally, by releasing chukars in large or small groups, at or ≥1 km from a water source, we respectively analyzed 
the effects of group size and water availability on dispersal of translocated chukars.  We monitored dispersal in 15 day 

intervals for up to one year post release recording ‘Initial Dispersal’ (15 days post release) and ‘Maximum Dispersal’ 
(greatest distance from release site).  Preliminary results indicate that wild-translocated individuals dispersed more 

initially (952 m vs 322 m; t = 7.28, p < 0.001) and maximally (2186 m vs 482 m; t = 6.29, p < 0.001) than pen-reared 

birds.  Wild chukars released in small groups dispersed farther initially (1619 m vs 896 m; t = 3.16, p = 0.002) and 

maximally (4088 m vs 2248 m; t = 3.53, p = 0.001) compared to those released in large groups.  Finally, wild individuals 

released away from water dispersed more initially (1935 m vs 952 m; t = 4.34, p < 0.001) and maximally (3747 m vs 

2186 m; t = 3.22, p = 0.002) than those released at water.  Our findings demonstrate that group size, rearing type, and 

water availability significantly affect the dispersal of translocated chukars.  Outcomes of chukar translocations will 

depend on determining efficacious release techniques that improve critical factors including site fidelity.   

 

PRELIMINARY REPORT: FOREST GROUSE ECOLOGY AND MANAGEMENT IN THE BEAR RIVER RANGE, UTAH 

Skyler Y. Farnsworth1, David K. Dahlgren1 , and Eric T. Thacker1 
1Department of Wildland Resources, Utah State University, Logan, Utah 84322 

Dusky grouse (formerly called blue grouse) and ruffed grouse are an important upland game resource in Utah and in 

the Intermountain West.  There is a lack of basic knowledge of dusky grouse life history and management across the 

species range, including Utah.  Research began in the spring of 2016 and our project area is in the Bear River Range of 

Northern Utah. Our objectives are to better understand forest grouse harvest rates, develop representative 

population monitoring techniques, characterize seasonal habitat types, being monitoring efforts to estimate 

population vital rates of dusky grouse, and understand the relationship between habitat selection and livestock 

grazing.  A forest grouse breeding survey protocol was established and walking survey routes were completed in 



spring 2016.  Forest grouse were captured via a variety of methods including walk-in traps and noose poles using of 

pointing dogs for initial detection.  All captured grouse received aluminum leg bands and male and female dusky 

grouse were fitted with very high frequency (VHF) transmitters or global positioning system (GPS) transmitters. Micro-

site vegetation characteristics were collected at dusky grouse nest and brood sites and paired random locations.  We 

conducted utilization surveys at the end of the grazing season using stratified transects across pastures.  Hunters 

voluntarily placed grouse wings in wing collection barrels at major exits to the forest in Logan and Blacksmith Fork 

Canyons during the forest grouse hunting season.  During breeding surveys we found that areas with one vocal dusky 

grouse were more likely to have multiple vocal males, potentially exhibiting lek-like behavior.  Electronic callbacks at 

the end of the sampling period greatly increased grouse detections for male and female dusky grouse.   We found 

varied success trapping grouse with walk-in traps and with noose poles.  Use of pointing dogs seemed to increase the 

probability of detecting grouse.  We found trapping female dusky grouse in the breeding and nesting seasons 

challenging, but were much more successful capturing females during the brooding season in July and August. We 

look forward to the upcoming field season and the completion of this project to present results in the future. 

ASSESSING NATURAL SEED DORMANCY LOSS IN ALKALI BULRUSH (BOLBOSCHOENUS MARITIMUS): DUCK 

INGESTION AND NATURAL COLD STRATIFICATION 

Bret N. Mossman1 and Karin M. Kettenring2 

1Department of Wildland Resources, Utah State University, Logan, UT 84321 
2Department of Watershed Sciences, Utah State University, Logan, UT 84321 

 

Waterfowl have been shown to be important dispersers of different species of aquatic plants and the ingestion of 

seeds by waterfowl can affect seed dormancy loss. Additionally, it has been found that cold stratification is an 

effective means of initiating dormancy loss in aquatic plants but the relative effectiveness of cold stratification vs. 

duck ingestion requires further evaluation. Wetlands in the Great Salt Lake ecosystem provide crucial breeding, 

foraging, and stop over sites for migrating birds. Invasive Phragmites australis has caused a large loss of these 

wetlands. Wetland managers are actively controlling these invaders but native species are not returning and must be 

reintroduced by managers. Due to deeply dormant seeds, managers need guidance on which environmental factors 

affect seed dormancy to aid in restoration of a key habitat species—alkali bulrush (Bolboschoenus maritimus). This 

project evaluates the effects of duck ingestion and natural cold stratification on alkali bulrush seed dormancy. We 

looked specifically at comparisons between germination from seeds removed from mallard (Anas platyrhynchos) and 

green-winged teal (Anas crecca) gizzards and—for a test cold stratification—seeds placed in Great Salt Lake wetlands 

within the water column, buried in flooded sediment, and kept in a non-flooded area. Seeds were cold stratified 

October – December 2016. Seeds were collected from the gizzards of hunter harvested ducks December 10, 2016 to 

January 10, 2017 during which 15 mallards and 8 green-winged teal gizzards containing alkali bulrush were collected. 

Cold stratified samples were also removed during this interval. Seeds within flooded sediment germinated at the 

highest percentage (~48%) followed by mallard samples, green-winged teal, water samples and finally non-flooded 

samples. Managers can use the information in this study to better understand how management action can be altered 

to maximize dormancy loss in both existing bulrush stands and within active restorations. 

THE GREAT SALT LAKE ECOSYSTEM PROGRAM: 20 YEARS OF MANAGING AND CONSERVING THE AVIAN AND 

AQUATIC COMMUNITIES OF GREAT SALT LAKE 

Ashley Kijowski1, John Luft1, Jim Vanleeun1, John Neill1, Kyle Stone1 

Department of Natural Resources, Division of Wildlife Resources, Great Salt Lake Ecosystem Program, Hooper, UT 

84315 

The Great Salt Lake Ecosystem Program (GSLEP) recently celebrated its 20th anniversary. During this celebration, old 

photos and stories were shared among a diverse group of scientists and other stakeholders; these accounts 

demonstrated the commitment and dedication of those who have and continue to work on the Great Salt Lake (GSL). 

Before GSLEP and other scientists began to research this ecosystem it was thought that the GSL was simple and the 

components of it were few; however, the interactions among these components are complex and just beginning to be 

understood. During the first stages of GSLEP, biologists had to devise numerous scientific questions and plan study 

designs in order to make progress on learning about this mysterious salty lake. How will harvesting brine shrimp from 

GSL affect the birds that rely on them as a food source? What is the best way to manage the brine shrimp harvest? Is 

it possible to overharvest brine shrimp? Is it possible to underharvest brine shrimp? This talk will discuss the progress 

made by GSLEP and their collaborators, the importance of GSL and the current questions and ongoing research that 

are being conducted by members of GSLEP and their collaborators. 

 

 

 



GREATER SAGE-GROUSE RESPONSES TO LIVESTOCK GRAZING IN SAGEBRUSH RANGELANDS 

Wayne E. Smith, Terry A. Messmer, David K. Dahlgren, and Eric T. Thacker 

Jack H. Berryman Institute, Department of Wildland Resources, Utah State University, Logan UT, 84322 

 

Grazing by domestic livestock is the predominate land use across the sagebrush biome and almost all sagebrush areas 

are managed for livestock grazing. The US Fish and Wildlife Service recommend that adequate monitoring of grazing 

strategies is essential to ensuring that desired ecological conditions and Greater Sage-grouse (Centrocercus 

urophasianus, sage-grouse) response is achieved. While much work has been done on sage-grouse few studies have 

measured the impact of livestock on sage-grouse vital rates. We will fit global positioning system (GPS) harnesses on 

sage-grouse in Rich County Utah. These GPS harnesses will collect multiple locations per day. This data will allow us to 

see how sage-grouse are affected by infrastructure associated with grazing livestock that could potentially fragment 

habitat (e.g., fences, roads, water developments). Cattle that graze on the study site will be fitted with GPS collars that 

collect multiple locations per day. These collars will be split between cattle that graze on two sites, within the study 

area, that have different grazing practices. One site uses a high intensity rotational practice and the other uses a 

traditional season long practice. Our objectives are: 1) Determine if there are differences in sage-grouse vital rates 

between grazing practices. If so what factors associated with livestock grazing practices may explain these 

differences? 2) Do sage-grouse seasonal habitat-use patterns differ under prescribed rotational and season-long 

grazing practices? GPS marked sage-grouse will be monitored remotely to obtain vital rates of the population in the 

study area. Vegetation surveys will be conducted to determine habitat use of sage-grouse and differences in sage-

grouse habitat preferences between grazing practices. Completion of this research will provide land managers a 

better understand of how different grazing practices effect sage-grouse populations. 

 

GREATER SAGE-GROUSE RESPONSES TO PINYON - JUNIPER REMOVAL: MITIGATING RESISTANCE IN AN ANTHROPOGENIC ALTERED 

LANDSCAPE 

 

Justin R. Small, Terry A. Messmer, and David K. Dahlgren 

Jack H. Berryman Institute, Department of Wildland Resources, Utah State University, Logan, UT 84322 

Conifer woodlands are expanding from their historical distributions across Intermountain West rangeland ecosystems 

inhabited by the greater sage-grouse.  For this study, we seek to develop methods to mitigate sage-grouse response 

to landscape scale shifts in historic habitat regimes and appropriately calibrate mitigation techniques to reduce sage-

grouse population resistance to certain landscape features.  Beginning in early fall 2015 and throughout the field 

season of 2016, fifteen female sage-grouse were captured in northwestern Utah within the Box Elder SGMA and fitted 

with GPS radio-marked transmitters.  In the spring of 2017, an additional fifteen GPS transmitters will be deployed.  

Twenty female sage-grouse equipped with VHF necklace-style radio-collars will also be maintained across the study 

area.  Resource selection function and resistance models will be employed for analysis to quantify how sage-grouse 

select, move through, and utilize habitat at the population level.  Using a resource selection function, we will assess 

and determine whether sage-grouse are utilizing one habitat type (sagebrush, phase I, II, III pinyon-juniper invaded 

areas, or type of pinyon-juniper removal areas) over another and then investigate whether these behaviors are 

resulting in different survival rates and seasonal movement patterns.  This analysis will evaluate a range of resistance 

models in terms of their ability to illustrate and predict empirical patterns of lek occupancy and individual sage-grouse 

habitat use based on type, scale, age and location of mechanical conifer removal treatments.  This research will 

evaluate and define the effects of the scale and placement of mechanical conifer removal treatments on sage-grouse 

habitat utilization and seasonal movement patterns at the landscape scale.  Completion of this research will provide 

land managers with new information regarding the scale and placement of mechanical treatments to mitigate the 

potential effects of anthropogenic disturbances on sage-grouse populations in conifer-expanded areas. 

ECOLOGY OF THE MORGAN-SUMMIT GREATER SAGE-GROUSE POPULATION: 

CONSERVATION IMPLICATIONS FOR LANDOWNERS AND MANAGERS 

  

M. Brandon Flack1, Terry A. Messmer1 
1Jack H. Berryman Institute, Department of Wildland Resources, Utah State University, Logan, UT 84322 

 

Utah’s Conservation Plan for Greater Sage-Grouse (Centrocercus urophasianus; sage-grouse) emphasizes the need for 

managers to better understand local population dynamics and site-specific threats to provide recommended 

management strategies to conserve the species.  This information is limited for smaller isolated populations including 

those occupying the mostly private lands in Morgan and Summit (MS) Counties in Northern Utah. Other than lek 

count data, little was known about MS sage-grouse population vital rates, seasonal habitat-use, and movements. We 

marked male and female sage-grouse with either very high frequency (VHF) radio-collars or rump-mounted global 



positioning system (GPS) transmitters and monitored them throughout the 2015-2016 breeding and brood rearing 

seasons to determine nest success, brood success, and survival rates. We recorded micro-site vegetation attributes at 

nest and brood locations and at paired random sites. We analyzed used and random sites, and the associated habitat 

vegetation data using a resource selection analysis to determine sage-grouse habitat selection patterns.  The GPS 

transmitters enabled us to define previously unknown migration corridors used by the MS population to link it to 

other populations in Utah and the Wyoming Basin. The MS sage-grouse population we studied was highly productive, 

exhibiting high rates of nest initiation, nest success, and brood success with relatively low rates of adult mortality.  

Most of our study population (%) did not migrate and exhibited an average home range of 10 km2.  We however did 

record some individuals within the population that moved > 50 km between breeding and winter ranges. Our results 

confirm that Utah’s populations exhibit a high degree of variability at the individual and population levels. 

 

UTAH GOLDEN EAGLE RESEARCH SOARS WITH SUPPORT FROM DEPARTMENT OF DEFENSE 

  

Steve Slater1, Robert Knight2, Russ Lawrence3 
1HawkWatch International, Inc., Salt Lake City, UT 84016 
2U.S. Army Dugway Proving Ground, Dugway, UT 84022 

3Hill Air Force Base, Hill AFB, UT 84056 

  

The Department of Defense (DoD) utilizes a vast portion of western Utah for testing and training purposes, an area 

which is also home to the Golden Eagle (Aquila chrysaetos).  Given the potential for conflict between military activities 

and eagles, it may come as a surprise to some that Dugway Proving Ground (DPG) and Hill Air Force Base (HAFB) have 

been instrumental in supporting both basic and advanced research on Golden Eagles in western Utah.  However, DoD 

Natural Resources staff are committed to wildlife protection while meeting the Mission requirements of their 

installations.  We briefly summarize recent DoD-supported Utah Golden Eagle research and associated impacts, 

including: 1) the first large-scale, multi-source compilation of Golden Eagle nest history data within Utah (leading to 

detection of fire-related eagle breeding decline); 2) leading edge modeling of West Desert eagle nesting and winter 

habitat; 3) first-ever assessment of Utah eagle genetics; 4) revival and support of annual jackrabbit (prey) sampling; 5) 

second largest tracking study of post-fledging Golden Eagle movement ecology and survival; and 6) creation of West 

Desert eagle management recommendations (leading to creation of Utah Eagle Working Group, statewide raptor 

database, etc.).  DoD support has also directly contributed to a peer-reviewed publication on inter-annual eagle nest 

protection recommendation, and material support for current research on eagle vehicle strike risk in Utah.  Future 

research directions include continued support of West Desert eagle tracking, color banding of eagles for 

mark/recapture study, and retrospective assessment of over 10,000 eagle photos captured at water features.  Our 

understanding and protection of Golden Eagles is reaching new heights in Utah, thanks to the support of DoD! 

THERMAL ECOLOGY, REPRODUCTIVE SUCCESS, AND,  

CLIMATE ADAPTABILITY OF BURROWING OWLS  

 

Carl G. Lundblad1 and Courtney J. Conway2 
1Idaho Cooperative Fish and Wildlife Research Unit, University of Idaho, Moscow, ID 83844 

2USGS, Idaho Cooperative Fish and Wildlife Research Unit, University of Idaho, Moscow, ID 83844 

 

Climate change is predicted to negatively impact wildlife, but we know very little about the actual mechanisms by 

which climate change might impact species and populations.  Most existing models rely on over-simplified concepts of 

“climate envelopes” that assume that species’ ability to adapt to climate change depends on whether they can track a 
shifting thermal niche corresponding to their direct thermal tolerance.  But, there are many other direct and indirect 

mechanisms by which climate change might impact wildlife survival and recruitment.  Thermal constraints might limit 

avian reproductive success via several mechanisms, but these are rarely considered in studies of nest site selection or 

when implementing nest box programs.  We are using video cameras and temperature loggers to monitor Burrowing 

Owls (Athene cunicularia) nesting in artificial nest burrows at 5 sites (including in Tooele County, Utah) spanning a 

broad latitudinal gradient from southeastern California to northeastern Oregon.  Owls at our warmest lowest-latitude 

site: 1) laid smaller clutches, 2) initiated incubation earlier relative to egg-laying (which may be a response to warm 

temperatures that threaten egg viability), 3) hatched their clutches more asynchronously (which is often associated 

with poor nestling survival), and 4) suffered higher rates of hatching failure, compared to owls nesting at our higher-

latitude sites.  Failed eggs usually showed signs of embryo development suggesting that thermal intolerance of 

embryos, and not some other mechanism like infertility, caused their failure.  These results indicate that avian 

reproductive success might be constrained by thermal conditions before the direct thermal tolerance of adult birds is 

challenged.  Our research identifies some of the potential mechanisms by which species might be impacted by climate 

change and suggest that such thermal constraints should be considered when designing and implementing nest box 

programs as a conservation and management tool. 

 



HAWKWATCH INTERNATIONAL’S AMERICAN KESTREL STUDY 

Jesse Watson1, Mike Shaw1, and Dave Oleyar1 

  1HawkWatch International 2240 S 900 E, Salt Lake City, UT 84106 

HawkWatch International operates a growing network of nest boxes (300 in 2016) along the Wasatch Front in 

northern Utah.  Our program utilizes 30-40 citizen scientists each year to monitor these boxes during the breeding 

season (locally March through July).  We check boxes every 7-10 days to determine occupancy, clutch size, brood size, 

and number of fledglings.  We also color band nestlings and adults in an effort monitor movement and estimate 

survival.  Our research goals are: 1) to understand if kestrel productivity and survival vary between different 

landscapes (wildland, agricultural, and urban) that are part of the greater Salt Lake City metropolitan area, an area 

with a human population of 1.2 million plus; 2) explore climate change implications on American Kestrel breeding and 

migration phenology; 3) collaborate with other organizations and researchers at a larger scale to identify and 

understand drivers of American Kestrel declines; 4) engage citizen scientists and the general public in research and 

discussion addressing the impacts that urbanization and climate change can have on American Kestrel populations 

and other wildlife.  In 2016 we monitored 99 active nest boxes, banded 63 adults, and 302 nestlings.  Over the 

duration of the study, we have color banded over 115 adults and 680 nestlings (1/3 with color bands).  In 2017 we 

plan to install additional nest boxes in underrepresented landscapes and continue our nest monitoring and color 

banding efforts.  We will also begin efforts to resight color bands throughout our study area.  

IDENTIFYING FACTORS ASSOCIATED WITH EAGLE VEHICLE STRIKE RISK IN UTAH 

  

Steve Slater, Dustin Maloney 

HawkWatch International, Inc., Salt Lake City, UT 84106 

  

Roads represent a danger for both Bald Eagles (Haliaeetus leucocephalus) and Golden Eagles (Aquila chrysaetos) in 

Utah, primarily in relation to foraging on road-killed wildlife.  Vehicle strike risk for eagles is generally greater during 

fall and winter months, when eagles move off breeding areas, live prey is less available and big game species move to 

lower elevations.  We conducted the first year of a planned 3-year study of eagle activity and mortality along 

roadways in central Utah and southeastern Oregon from September 15, 2016–February 13, 2017.  Within Utah, we 

completed 8 rounds of driving surveys of 26 routes (average 14.8 miles/route), 4–5 rounds of walking surveys along 16 

right-of-way (ROW) transects (4-miles/transect), and 2 follow-up ROW transect surveys with carcass-sniffing dogs.  

During driving surveys, we documented the characteristics of all road-killed carcasses deemed available to eagles, 

searched for road-struck eagles, and recorded all live eagle and other scavenger activity near roads.  During both 

walking human and dog surveys, we recorded and marked all reasonably recent carcasses.  We also deployed motion-

sensitive cameras on ROW carcasses on 34 occasions to document eagle use and behavior at carcasses.  We will 

present preliminary results on eagle activity and mortality along central Utah roadways in association with availability 

of road-killed carcasses, eagle behavior at carcasses, and information on variability in detectability and persistence of 

various carcass types.   

TRACKING THE AMERICAN WHITE PELICAN 

  

Adam Brewerton1, John Neill1, Russell Norvell1, Sam Hall1, Eric Edgely1 
1Utah Division of Wildlife Resources, Salt Lake City, UT 84114 

  

The American White Pelican (Pelecanus erythrorhynchos) is a conservation success story. Pelican numbers have grown 

sharply over the last decade. This has been in large part due to conservation actions, like pesticide regulation, 

protection of nesting colonies, and protection of the lakes, rivers and wetlands where they forage. This population 

recovery, however, is also cause for concern. Pelicans are large, piscivorous birds that forage and travel in large 

groups. These characteristics make for an obvious conflict with aquaculture, wild fisheries (both native and sport), and 

airports. As managers, it is important to understand how management actions designed to reduce these conflicts will 

impact the population. One of the first steps is to track and describe movement patterns, for example are pelicans on 

Strawberry Reservoir connected to the nesting colony on Gunnison Island, and how the daily foraging movements to 

and from Gunnison Island might intersect the departure and approach paths of airplanes over the Great Salt Lake. We 

have attached 32 solar-powered GPS transmitters to adult pelicans at the Bear River Migratory Bird Refuge and 

Strawberry Reservoir over two summers, with plans to deploy 38 more over the next two years. We successfully 

tracked foraging trips from Gunnison Island to Strawberry Reservoir and other foraging grounds and the southward 

migration to wintering grounds on the Sea of Cortez. We have observed interconnectedness between nesting colonies 

and crossover with the Central Flyway. We are reporting on these initial results, the trapping methods, lessons 

learned, and the data management through an automated, live updating webmap. 
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THE USFWS WESTERN GOLDEN EAGLE TEAM NEEDS YOUR HELP DEVELOPING A CONSERVATION STRATEGY FOR GOLDEN EAGLES WITHIN 

THE CENTRAL GREAT BASIN  

  

Neil Paprocki, 1, Brian Woodbridge2, Steve Slater1, Eric Chabot1, 
1HawkWatch International, Inc., Salt Lake City, UT 84106 

2U.S. Fish and Wildlife Service, Corvallis, OR 97330 

  

The U.S. Fish and Wildlife Service (USFWS) established the Western Golden Eagle Team (WGET) in June 2013 to help 

address energy-related conservation concerns for Golden Eagles (Aquila chrysaetos).  In the nearly 4 years since its 

inception, WGET has worked with numerous stakeholders to compile and synthesize a wealth of existing information 

on Golden Eagle nesting ecology, prey use, winter distributions, movement ecology, and more.  Additionally, WGET 

has worked with various partners to collect new data to fill knowledge gaps (e.g., post-fledging movement and 

survival), and to utilize available data to create predictive models of breeding, winter, and movement-based habitat 

use.  The ultimate goal of these ambitious efforts is to bring to bear the best science available to inform conservation 

strategies for western Golden Eagles.  These strategies are being developed at the ecoregional scale, with HawkWatch 

International assisting WGET in the development of the Central Great Basin Golden Eagle Conservation Strategy 

(CGBGECS), which encompasses much of Utah’s West Desert.  HWI’s role in the development of the CGBGECS will be 

to set the stage for the current understanding of Golden Eagle distribution, ecology, status, and threats within the 

ecoregion.  This basic understanding of the setting for Golden Eagles in the Central Great Basin will help State and 

federal agencies, and other interested stakeholders work with WGET to develop strategies to respond to the unique 

challenges and opportunities facing Golden Eagle management within the region.  We invite you to visit our poster to 

learn more about the CGCGECS development process, provide your unique insights on Golden Eagles within the 

region, and add your name to the CGBGECS stakeholder contact list.   

 

GREATER SAGE-GROUSE WINTER FORAGE SELECTION: IS TREATED SAGEBRUSH TASTY? 

Jason A. Wood1, Mace G. Crane2, Randy T. Larsen1 

1Department of Plant and Wildlife Sciences, Brigham Young University, Provo, UT 84602, USA 

2Bureau of Land Management, Richfield, UT 84701, USA 

 

Monitoring the response of species to management actions provides information that can help improve conservation 

planning. Mechanical treatment of sagebrush (Artemisia sp.) is a strategy that managers use to increase habitat 

quality for greater sage-grouse (Centrocercus urophasianus) during the brood-rearing period. These treatments, 

however, may reduce the availability and quality of sagebrush available to grouse in winter. Sagebrush comprises 

>99% of the diet for greater sage-grouse during winter. Thus, retention of adequate sagebrush is crucial to 

conservation of this species. We do not fully understand how treatment of sagebrush influences winter habitat 

selection, including forage quality for greater sage-grouse. Our objective is to quantify the relationship between 

habitat treatments and selection by greater sage-grouse during winter. We will meet this objective by 1) evaluating 

selection for or against sagebrush treatments and 2) assessing foraging behavior of greater sage-grouse in relation to 

phytochemistry of treated and untreated sagebrush. We captured 27 greater sage-grouse between March and 

November of 2016 and fitted them with GPS transmitters. These GPS transmitters have collected >15,000 locations, 

showing some use of treated sagebrush. To assess the role of phytochemistry in selection of sagebrush for foraging, 

we will use GPS locations to collect samples of sagebrush from foraged and non-foraged plants in both treated and 

untreated areas. From these samples, we will measure primary and secondary compounds and identify the nutritional 

quality of sagebrush. We predict that sage-grouse will select for sagebrush with high nutritional quality and that 

mechanical treatments will alter the phytochemistry of sagebrush. 

 

CITIZEN SCIENCE BIRD MONITORING BUILDS COMMUNITY CAPACITY, GENERATES NOVEL INFORMATION,  

AND GUIDES STEWARDSHIP OF ALTA, UT 

 

Cooper M. Farr1, Tim Brown1, Jen Clancy2, Maura Olivos3, Bryant Olsen1 
1Conservation Science Program, Tracy Aviary, Salt Lake City, UT 84105 

2Friends of Alta, Alta, UT 84092 
3Alta Environmental Center, Alta, UT 84092 

 Situated at the headwaters of a protected watershed and encompassing an active ski area, nearly 800 acres of private 

property, and over 2,000 acres of National Forest land, Alta, UT provides important ecosystem services and recreation 

opportunities to the Wasatch front. It is also home to numerous plants and wildlife, including many bird species. Given 



competing land use goals, impacts of historic mining and forestry, future threats such as development and climate 

change, and a lack of previous data, gathering baseline information about Alta’s birds and their habitats is essential to 
guide stewardship and conservation efforts. In 2014, Tracy Aviary, Friends of Alta, Alta Environmental Center, and the 

Bird Conservancy of the Rockies began partnering to implement Alta’s first formal baseline bird inventory as part of 

Alta’s Ecological Assessment. Using a protocol based off of the Integrated Monitoring of Bird Conservation Regions 
(IMBCR) program, we generated 98 sampling points within ten 1km2 grids across the region. Citizen scientist 

volunteers were recruited and trained to conduct point count surveys during the breeding seasons of 2015-2017. We 

also collect data on vegetation and habitat features, and conduct non-breeding species occurrence surveys. During 

2015 and 2016, we documented 92 species, and detected White-crowned Sparrows, Dark-eyed Juncos, Clark’s 
Nutcrackers, and Chipping Sparrows most often. In 2017, we added a songbird and owl nest box monitoring project to 

broaden our understanding of nest box occupancy, nest success, and habitat relationships, and to increase 

opportunities for community participation. Using hierarchical distance-sampling and occupancy models, we will relate 

species occurrence, density, and nest box use to vegetation composition, structure, and other habitat features. By 

directly engaging community members and generating novel information about Alta’s bird populations and species-

habitat relationships, we can provide evidence-based management recommendations and generate community 

support for bird and habitat conservation.  

 

A STUDY OF BOBCAT ON THE HILL AIR FORCE BASE, UTAH TEST AND TRAINING RANGE 

Kyle Muncey1, Tom Smith1, Jace Taylor1, Russ Lawrence2 

 
1Department of Plant and Wildlife Science, Brigham Young University, UT 84602 

2Natural Resources Office, Hill Air Force Base, UT 84056 

Bobcats (Lynx rufus) are a highly successful species that has adapted to almost all habitat types throughout the United 

States and portions of Mexico and Canada. Though bobcats have been well studied, relatively little is known about 

their abundance and distribution in the extremes of their desert ranges. We propose deploying GPS collars on 15 

bobcats within the Hill Air Force Base, Utah Test and Training Range (UTTR) in Utah’s West Desert. Collar data will be 

used to determine home range size, seasonal movements, areas used for parturition, habitat selection and frequency 

of water guzzler utilization. Since Bobcats on the UTTR are protected from trapping, the above attributes will be 

compared to those of a population that is not. Data from GPS collars will be paired with various layers in GIS to 

produce a model of suitable habitat within the UTTR. Camera trapping grids of scent stations will be used to “mark” 
and recapture individuals based on the unique pelage patterns of bobcats. We will use remote cameras to estimate 

the size of the population using this technique.  

BLACK BEAR ACTIVITY AT BACKCOUNTRY CAMPSITES IN BRYCE CANYON NATIONAL PARK, UTAH 

Wesley Larson1, Tom S. Smith1 

1Plant and Wildlife Sciences, Brigham Young University, Provo, Utah  

A number of efforts in recent years have sought to predict bear activity in a variety of habitats to minimize human 

disturbance and bear-human conflicts.  Bryce Canyon National Park (BRCA) and the Paunsaugunt Plateau provide 

important habitat for black bears (Ursus americanus) in Southern Utah.  Bryce Canyon National Park has 12 

backcountry campsites, and the National Park Service (NPS) has expressed interest in learning more about black bear 

use of these campsites and other anthropogenic features in the park, as these areas receive extensive human use by 

park visitors, specifically backcountry campers and hikers.  This study provides insight regarding the nature and 

intensity of bear activity within BRCA.  We achieved a clearer understanding of bear-habitat relationships within BRCA 

by analyzing bear activity data collected through GPS radio-collaring, remote camera monitoring, campsite 

assessments, and analysis of human-bear interaction reports.  Each of the backcountry campsites were visited and 

assessed with regards to their overall human-bear conflict potential through a three-pronged assessment of bear 

habitat, displacement and encounter potentials.  Although we did not quantify actual levels of bear activity at study 

sites, agreement among measures of activity (e.g., GPS fix locations, camera data, etc.) lends support to our 

qualitative site assessments.  Radio-collared bears were found to select for several anthropogenic features (campsites, 

springs), while actively avoiding others (trails, roads).  Remote camera images, incident reports, and literature review 

seemed to suggest trail use among black bears.  We completed assessments for each of the campsites and campsites 

were ranked from low to high according to their overall potential for human-bear conflict. Finally, we created a series 

of recommendations from the multiple sources of data included within the report. 

 

 

 

 



 

 

HABITAT USE AND MOVEMENTS OF KIT FOX ON THE UTAH TEST AND TRAINING RANGE 

 

Tyler Glazier1, Jace Taylor1, Jacob Hall1, Russ Lawrence 2, Steve Petersen1 

1Department of Plant and Wildlife Sciences, Brigham Young University, UT 84602 

2Natural Resources Office, Hill Air Force Base, UT 84056 

GPS collars are used by wildlife biologists to accurately monitor the habits and movement patterns of wildlife. GPS 

collars have scarcely been used in kit fox research in Utah and are a useful tool for obtaining detailed information 

about kit fox life patterns and for the development of management practices.  Desert kit foxes (Vulpes macrotis) are a 

state sensitive species and reside in the arid western (Great Basin) and southern regions of the state. Kit foxes prey on 

jackrabbits and a variety of other small mammals and prefer desert scrub and grassland habitats with softer soils for 

building dens. The Utah Test and Training Range (UTTR) is located 80 miles west of Salt Lake City and contains acres of 

suitable habitat for kit foxes. Our objective was to observe and map the spatial use of habitat by kit foxes on the UTTR. 

From September–October 2016, we deployed 15 Reconyx cameras baited with scent across the range of the UTTR in 

order to know the best locations to trap. During November and December, with the aid of our camera data, we 

captured and placed GPS collars on nine kit foxes. After analyzing over 250 GPS points from seven different kit foxes, 

11 different den site locations, and vegetation and soil layers (via the USGS database), we created a habitat suitability 

map using GIS software. We believe the preliminary data from this study will help wildlife managers more accurately 

project where kit foxes may occur and how to best manage kit foxes in the future. 

ASSESSING GLOBAL POSITIONING SYSTEM TELEMETRY TECHNIQUES FOR ESTIMATING WOLF PREDATION IN THE HIGH ARCTIC 

Nicole R. Tatton1, Daniel R. MacNulty1 
1Department of Wildland Resources, Utah State University, Logan, UT 84321 

 Peary caribou (Rangifer tarandus pearyi) are classified as an endangered subspecies and studies have shown declines 

in their population numbers. This decline has caused concern, as Peary caribou have high cultural value and serve as 

an important source of food for local Inuit people in Nunavut, Canada.  This has created a need to understand the 

extent to which predation from Arctic wolves is affecting this prey species.  Previous studies on wolf predation 

patterns have used aerial monitoring or ground tracking to locate wolf kill sites.  The weather, terrain, and sightability 

conditions of the Nunavut region render these techniques infeasible.  An alternative method to study movement 

patterns is the deployment of Global Positioning System (GPS) collars on wolves.  The collar records its location as a 

data point periodically on a schedule that is programmed before deployment.  The collective data points can be 

uploaded to an Iridium satellite network and downloaded remotely.  Global Positioning System collars deployed on 

four Arctic wolves have provided accelerometer and location data.  We are currently analyzing this data to assess the 

impact of Arctic wolf kill rates on populations of Peary caribou and muskoxen in Nunavut, Canada.  By prioritizing 

clusters based on their probability of containing a kill, resources can be allocated more efficiently to optimize data 

collection.  Clusters that are inaccessible due to terrain can be assessed remotely to determine the probability of a kill 

having occurred at the cluster.  The ability to remotely assess predation activity in the High Arctic will allow for a more 

thorough understanding of the effect that wolf predation is having on sensitive prey species such as Peary caribou. 

COUGARS IN CACHE: APPROACHING THE BEAST FROM MULTIPLE PERSPECTIVES 

 

Margaret A. Hallerud1, Dr. David C. Stoner1, Dr. Daniel MacNacNulty1 

1Department of Wildland Resources, Utah State University, Logan, UT 84321 

 

The cougar (Puma concolor) is a notoriously difficult study animal due to its elusive behavior, wide-ranging 

movements, and low density on the landscape. The lack of cougar monitoring efforts is a persistent issue throughout 

the species range, and Utah is no exception. In fact, the majority of information about cougars in Utah comes solely 

from human-caused mortality records, which only show broad trends in the population. As a result, the Utah public 

has recently expressed concern about the state’s management of the species, particularly basing harvest levels on 

these uncertain measures. Therefore, more accurate means of monitoring would be useful for guiding state 

management of the species and alleviating public concerns. Using traditional wildlife monitoring methods, researchers 

have been recruiting the manpower provided by USU undergraduate wildlife students to gain information on the 

cougar population in Cache County. Fieldwork has focused on targeted and systematic placement of camera-traps to 

detect and confirm cougar activity. Locations of tracks and other natural sign has also been recorded, including sites 

where prey is cached. Events of natural predation by cougars have been investigated opportunistically. Demographic 

and spatial analysis of harvest data is being undertaken, and a framework for recording public encounters is being 

designed. By using many methods on this small scale, the relative and combined effectiveness for monitoring cougars 



can be compared, while concurrently gathering information on the local cougar population. Success of such a complex 

project has hinged on recruiting research partners and volunteers to participate, and this research highlights the 

benefits and risks of implementing large-scale research via citizen scientists.  

CACHING AND ACTIVITY LEVELS IN WOODRATS 

Nichols, J, Smith, J, Jack, A, Skopec  

Department of Zoology, Weber State University, Ogden Utah 84408 

Woodrats (genus Neotoma), also commonly known as packrats, exhibit prolific caching behaviors. Items collected by 

woodrats include food and items for nest building, as well as things that seem to serve no function, such as shiny 

objects. Woodrats’ interest in non-useful objects may be a spill-over behavior from food caching and/or high activity 

levels.  While activity, food and object caching have been tested independently in woodrats, all three have not been 

measured in the same experiment.  We therefore investigated activity, food and object caching in a laboratory setting 

in three different woodrat populations, N. albigula, and two populations of N. lepida from the Mojave and Great Basin 

Deserts. To test for differences in caching behavior in relation to activity, woodrats were placed in nesting cages that 

connected to a secondary area where they had access to a running wheel, rabbit chow (food), and jingle bells (object). 

It was found that both populations of N. lepida handled more jingle bells than N. albigula, indicative of a greater drive 

to cache non-essential items. Conversely, N. albigula showed a greater drive to cache an essential item, food, and 

cached more food than both populations of N. lepida. Both N. lepida populations had higher activity levels than N. 

albigula, as measured by the distance run on the wheels.  Based on N. lepida’s higher activity levels and interest in 

jingle bells we propose that interest in non-useful objects may be a spill-over behavior from high activity levels. N. 

lepida’s high activity levels and interest in novel items may have allowed them to colonize a greater diversity of 

habitats than N. albigula. 

ECOLOGY OF MOUFLON HYBRID SHEEP IN HAWAII 

Bradley J. Adams1, Randy T. Larsen1, Kanalu Sproat2, Brock R. McMillan1 
1Department of Plant and Wildlife Sciences, Brigham Young University 

2Division of Forestry and Wildlife, Department of Land and Natural Resources 

 

The European mouflon (Ovis orientalis musimon) was introduced to Hawaii in the 1950’s. They have since crossbred 
with feral sheep, producing mouflon-feral hybrids.  These mouflon hybrids occur across large portions of Hawaii and 

while popular with hunters, may negatively impact native ecosystems. Sheep have been observed stripping bark, 

browsing, and grazing species of endemic plants that did not evolve with large herbivores. Our objective is to define 

the interactions of these sheep with their environment. More specifically, we will estimate 1) annual survival, 2) 

cause-specific mortality, 3) habitat selection, and 4) seasonal and annual space-use patterns. We captured 80 sheep 

via helicopter net-gunning and funnel traps near the Pu’u Wa’a Wa’a game management area on the island of Hawaii 

in September 2016. For each individual, we sampled blood, estimated age, took ultrasound measurements of rump 

fat, and recorded several morphometric measurements. We placed 24 GPS and 16 VHF collars on a randomly selected 

subset of adults prior to release at point of capture. Our sampled population consisted of 39 females and 38 males 

with a mean age of 3.5 years. Apparent survival from September to the present was 0.95 (SE 0.03), with two instances 

of predation occurring among the collared subset. Nine percent of the females were pregnant and nearly half (0.47) 

indicated selenium deficiency. This project will provide valuable insight to assist in directing future conservation and 

management policies in Hawaii. 

IS PERCEPTION REALITY? HABITAT USE, HARVEST, AND MOVEMENT OF MULE DEER ON THE SOUTH MANTI UNIT 

 

Sydney Lamb1, Randy Larsen1, Brock McMillan1, Wade Paskett2 
1Department of Plant and Wildlife Sciences, Brigham Young University, Provo, UT 84602 

2Utah Division of Wildlife Resources, Price, UT 84501 

 

As a primary game animal in Utah, mule deer (Odocoileus hemionus) management is influenced by perceptions of 

residents, especially hunters. Recently the opinion of the public on the South Manti Unit is that abundance of mule 

deer has decreased in the mountains and that much of the population spends significant amounts of time in 

agricultural areas. In an effort to better understand the habitat use and movement dynamics of this population, we 

captured 61 individuals using helicopter net-gunning. We also examined harvest data from 2009, 2012, 2014, and 

2015 and categorized it based on whether the animal was taken in a town or in the mountains. Our objective was to 

better understand the South Manti population and resolve discord between public opinion and data from wildlife 

models. For each individual, we sampled blood, estimated age, measured rump fat via ultrasonography, took 

morphometric measurements, and attached a GPS collar. On average, rump fat measured 5.73 mm (SE 0.65), above 

the average for many of the other units sampled across Utah in 2016. During the three months post capture, apparent 



survival has been 0.95 (SE 0.05) for fawns, and 0.98 (SE 0.02) for adult females. From the GPS data we looked at the 

habitat use and movement of individuals, specifically their proximity to agricultural areas. Only two deer crossed 

Highway 10, the majority have shown altitudinal movements with little movement into agricultural areas. Early 

examination of hunter harvest shows the majority of harvest away from towns or agriculture. This project is in the 

initial phases, but we will continue to monitor habitat use, harvest, movement, and survival as time progresses.  

 

ASSESSMENT OF FACTORS ASSOCIATED WITH MOOSE-VEHICLE COLLISIONS AND THEIR RELATIONSHIP TO MOOSE 

SEASONAL MOVEMENTS IN THE MATANUSKA-SUSITNA VALLEY OF ALASKA 

 

Lucian R. McDonald1, Terry A. Messmer1, Michael R. Guttery2 
1Jack H. Berryman Institute, Utah State University, Logan, UT 84322 

2Division of Wildlife Conservation, Alaska Department of Fish and Game, Palmer, AK 99645 

 

Wildlife-vehicle collisions are an ongoing threat to both motorists and wildlife populations across the United States, 

and in Alaska, the majority of these collisions involve moose (Alces alces). Between 2000 and 2012, 9,949 reported 

moose-vehicle collisions in Alaska resulted in not only thousands of moose mortalities, but also 23 human fatalities, 

118 incapacitating injuries, and approximately 1,400 minor injuries. My research seeks to identify factors that are 

associated with locations where moose-vehicle collisions occur and to identify moose movement corridors and factors 

associated with movement behaviors. Site specific data is currently being collected at the site of moose-vehicle 

collisions as they occur. This site specific data will be compared to data collected at randomly selected sites in order to 

delineate the importance of each factor measured. Sixty moose will be outfitted with GPS radio-collars, allowing us to 

understand the landscape level movement of moose throughout the increasingly urbanized study area. Findings from 

the research will be used to guide management efforts of the Alaska Department of Fish and Game and will be shared 

with the Alaska Department of Transportation to help guide future transportation projects in the area. 

 

HUNTER HARVEST OF ELK (CERVUS ELAPHUS): DOES HABITAT SELECTION PREDICT HARVEST RISK? 

 

Maksim Sergeyev1, Brock McMillan1, Lucas Hall1, Kent Hersey2, Randy Larsen1 
1Department of Plant and Wildlife Sciences, Brigham Young University, Provo, UT, 84602, USA 

2Utah Division of Wildlife Resources, Springville, UT, 84663, USA 

 

Human activity can influence dynamics of animal populations. Hunter harvest, for example, can influence the 

demography, distribution, and movement patterns of game species. However, during the hunting season, variations in 

space-use patterns may predispose some individuals to a greater risk of harvest than others. We predicted that elk 

(Cervus elaphus) on public land, closer to roads, and in less rugged terrain would be more susceptible to harvest 

compared to elk on private land, more distant from roads, and in more rugged areas. We captured 146 female elk via 

helicopter net gunning along the Wasatch Range of Utah and fitted them with GPS transmitters beginning in the 

winter of 2015. From October 2015 to January 2016, hunters harvested 26 of the 146 radio-marked elk. From the 26 

harvested elk, locations and time of mortality were obtained for 21 individuals. We then randomly selected an equal 

number of surviving elk for comparison. We modeled survival status as a function of distance to road, land ownership, 

and terrain ruggedness, while controlling for differences in elevation and vegetation. Land ownership was the most 

influential predictor of harvest risk, with more harvested individuals occurring on public land. Ruggedness and 

distance to roads were less important variables, providing very little support for these components of our hypothesis. 

Age, dominant vegetation, and animal condition showed no effect on risk of harvest. While various factors may 

contribute to the likelihood of harvest, our results indicate that land ownership is the strongest predictor of likelihood 

of harvest. 

 

DETERMINATES OF MOOSE POPULATION GROWTH IN UTAH 

 

Robertson, S.D., D.R., Macnulty K.R. Hersey, J.S. Ruprecht 

Department of Wildland Resources, Utah State University, Logan, Ut 84322 

Utah Division of Wildlife Resources, Salt Lake City, Ut 84114 

 

Moose (Alces alces) populations in Utah have been slowly declining since 2005. Moose numbers have not been able to 

increase even though antlerless harvest and translocations have ceased. Due to this decline the Utah Division of 

Wildlife Resources (UDWR) continued moose research that began in 2013. Utah’s moose population could be at or 
near carrying capacity and experiencing from density dependent resource limitation. This is concerning because over 

abundance can lead to large population crashes in years when conditions are poor (e.g., droughts and extreme 

winters). In 2017 the UDWR captured an additional 80 cow moose and 28 calves to augment the sample size from the 

first phase of the study.  These moose were fitted with GPS collars and also several samples (e.g., blood, fecal, and 



hair) were collected along with body measurements for analysis. These moose will be monitored to obtain cow and 

calf survival estimates, as well as determine cause of death when possible.  Monitoring will also be used to estimate 

moose pregnancy rates, calving rates and annual calf survival. The data collected from the GPS collars, will be used to 

expand and improve an innovative population model that was developed by Ruprecht (2016).  The Ruprecht model 

collected and analyzed moose count data from the last 55 years. This model will be enhanced by incorporating 

additional data on cow and calf survival and reproductive rates. Additional data will then be used to evaluate 

alternative harvest strategies to be used by the UDWR to achieve management objectives. This research is critical in 

the determination of an optimal moose population that is healthy and sustainable under variable environmental 

conditions.  This additional data, when used in conjunction with existing data, could help to avoid large future 

population crashes. 

 

ARE REMOTE CAMERAS A VIABLE METHOD TO ESTIMATE  

MULE DEER POPULATIONS? 

 

Jacob Fullmer1, Randy Larsen1, 

Todd Black2, Ben Davis2 

1 Department of Plant and Wildlife Sciences, Brigham Young University, Provo, Utah 84602 
2 Deseret Land and Livestock, Woodruff, Utah 84086 

  

Effective wildlife management requires direct or indirect estimates of abundance in which accuracy and cost are 

primary concerns.  Current methods used to estimate abundance can be tedious and costly.  Advances in technology 

(e.g., remote cameras) coupled with mark-recapture estimators may provide a reliable and economical option for 

managers.  Previous studies with bighorn sheep (Ovis Canadensis) and mule deer (Odocoileus hemionus) have shown 

some promise, however, these examples have been limited to relatively small (< 150) populations on isolated 

mountain ranges.  Our objective was to assess the potential for remote cameras to estimate mule deer abundance in 

a relatively high-density (> 2,000 individuals) population. We accumulated mule deer photos from 13 remote cameras 

placed on Deseret Land and Livestock (809 km2 ranch in northeastern Utah) during a three-month period during the 

summer of 2015.  We identified male mule deer using unique markings (i.e., antler characteristics).  We analyzed 

usable imagery from eight of the thirteen cameras during a two-week period. Each identified individual was assigned a 

unique ID, “marked” in the first week’s photos, and “recaptured” in photos from week two.  We then used these 

classified images to estimate population size using a Lincoln-Peterson Mark-Recapture estimator. We estimated 3,420 

deer on DLL during summer of 2015 which was on the high end of the range (2,329 to 3,571) associated with 

estimates from traditional counts. We concluded remote cameras are a viable method to obtain estimates of 

abundance.  The practicality of this approach, however, may be limited by the time required to analyze photos.  

Professionals at DLL average approximately 100 hours conducting counts and classifications, whereas we exceeded 

that amount of time on photo analysis alone.  

 

CHANGES IN FIX FREQUENCY OF GPS COLLARS DURING SPRING MIGRATION OF MULE DEER IN UTAH’S WEST DESERT 

  

Levi Watkins1, Randy Larsen1 Brock McMillan1, Tom Becker2, Kent Hersey2, Justin Shannon2  
1Plant and Wildlife Sciences, Brigham Young University, Provo, UT 84602 

2Utah Division of Wildlife Resources, Salt Lake City, UT 84114-6301 

  

Conservation and management of mule deer (Odocoileus hemionus) is an issue of concern for wildlife managers in the 

west, and migration corridors are one area of focus. With the use of GPS collars, locations can be remotely collected 

allowing for identification of migration corridors. Managers can then make decisions influencing the identified 

corridors. To optimize efficient data collection, fix frequencies can be set to change throughout the year. A higher fix 

frequency during migration allows for a more accurate analysis of movement, and a lower fix frequency when animals 

are not migrating conserves battery life. We analyzed data collected August 2016 from 14 mule deer that were fitted 

with Lotek collars in western Utah during January 2016. The collars were pre-set with a 7-hour fix frequency July 1-

March 31, and a 3-hour fix frequency April 1-June 30. We used a 95 percent kernel density analysis to identify winter 

and summer ranges. With those ranges, we separated the locations of migration going from winter to summer range. 

We found a mean migration of 15 days (range from 2 to 24 days). A mean start date of March 10, and mean end date 

of March 25 (range from Jan 26 to Apr 13). The average distance traveled was 30.1 miles (range from 16 to 39.7 mi.). 

Our results indicate that the preset fix frequency of 3 hours April-June missed the spring migration of most of the 

animals. For this population of mule deer, a higher fix frequency would be more effective if set February to April. 

Without a complete year of data, the dates for the return migration cannot be determined. Future analysis could be 

done using Brownian bridge movement models to examine what the optimal fix frequency would be during migration 

to receive adequate locations for analysis.      

 



 

 

CULTIVATION LEGACY EFFECTS ON VEGETATION STRUCTURE AND PLANT COMMUNITY COMPOSITION FOLLOWING 

SHRUB REDUCTION IN UTAH 

 

Allison Jones 1, Mary Pendergast 1, Eric Thacker2, Linden Greenhalgh 3, Justin Williams4,  Thomas Monaco 4 
1Wild Utah Project, Salt Lake City, UT 84101  

2Wildland Resources Department Utah State University, Logan UT 84322 
3Tooele County Extension, Utah State University, Logan UT 84322 

4USDA, Agricultural Research Service, Forage and Range Research Lab, Logan, UT, 84322 

 

We studied big sagebrush plant community responses to a two-way chain harrow and broadcast seeding of 

herbaceous species at eight Wyoming big sagebrush sites with the same ecological site classification; five were 

cultivated for dryland wheat production during the 1950-1980s, then seeded with introduced forage grasses and 

reverted back to grazing lands, while three had not been previously cultivated. Five years after treatment, densities of 

sagebrush seedlings and snakeweed plants increased in cultivated sites during the second and third year after 

treatment. In addition, perennial forb cover increased for cultivated sites, while perennial grass biomass increased for 

non-cultivated sites. Plant community change after treatment also varied between non-cultivated and cultivated sites, 

and response to treatment was most strongly correlated with reductions in sagebrush cover, increases in the 

perennial grass bulbous bluegrass, and increases in 10 herbaceous species—four of which were seeded. Our results 

emphasize that broad variability in plant community responses to sagebrush reduction is possible within the same 

ecological site classification, and that cultivation history can leave long-lasting legacy effects. 
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ANTLER DEFORMITIES IN MULE DEER (ODOCOILEUS HEMIONUS) FROM THE PAUNSAUGUNT UNIT, UTAH 

  

Annette Roug1, Justin Shannon1, Josh Pollock2, Wade Heaton3, Jane Kelly4, Arnaud van Wettere5 
1Utah Division of Wildlife Resources, Salt Lake City, UT 84116 

2Utah Division of Wildlife Resources, Cedar City, UT 84721 
3Color Country Outfitters, Alton, UT 84710 

4Utah Veterinary Diagnostic Laboratory, Spanish Fork, UT 84660 
5Utah Veterinary Diagnostic Laboratory, Logan, UT 84341 

 

 In the Paunsaugunt area of Southern Utah, wildlife managers have observed an unusual high concentration of mule 

deer (Odocoileus hemionus) bucks with antler deformities. The deformities range from helmet-like overgrowth of 

antler tissue to near normal antler growth but with a persistence of velvet and absence of shedding. Antler 

deformities are most commonly related to testicular abnormalities, as healthy antler growth and shedding is driven by 

the seasonal increase in male sex hormones. Various factors have been proposed as causes for development of antler 

deformities, such as genetic predisposition, mineral deficiencies, phytoestrogens, aflatoxins, organophosphates, or 

infectious disease during testicular development. In order to investigate the high prevalence of antler deformities in 

the Paunsaugunt area, 10 bucks with antler deformities were harvested during a management hunt in the fall of 2016. 

Blood was collected within 20 minutes, and tissue samples collected from all animals within 2 hours of harvest. Blood 

and tissue samples from the 10 bucks, as well as an additional 6 bucks with normal antlers harvested in the same area 

and time period, were submitted to the Utah Veterinary Diagnostic Laboratory for histopathology, serology, trace 

mineral and heavy metal analysis, hormone analysis, and PCR. The goal of the study is to identify contributing causes 

of antler deformities in the Paunsaugunt, and if possible, recommend management actions to reduce the prevalence. 

We present the results of the study to date.  

 

 

 

 

 

 



OPTIMIZING DETECTION OF A DESERT CARNIVORE AT SCENT STATIONS 

Kelsey A. Richards1, Randy T. Larsen1, Mace G. Crane2, Russell Lawrence3,  

Robert N. Knight4, Kimberly Hersey5, and Brock R. McMillan1  

 

1Department of Plant and Wildlife Sciences, Brigham Young University, Provo, UT 84602 
2U.S. Department of the Interior, Bureau of Land Management, Richfield, UT 84701 

3Hill Air Force Base, Natural Resource Office, Hill AFB, UT 84056 
4United States Army Dugway Proving Ground, Environmental Programs, Dugway, UT 84022 

5Utah Division of Wildlife Resources, Salt Lake City, UT 84116 

 

The kit fox (Vulpes macrotis) is a species of conservation concern in the western United States and an efficient 

protocol to detect and monitor populations would benefit conservation efforts.  A recent method for monitoring 

wildlife involves lures and remote cameras in an occupancy-modeling framework.  However, the utility of occupancy 

modelling is dependent on the optimization of “capturing” individuals at camera stations.  Different lures including 
fatty acid tablets and liquid lures commonly have been used to attract foxes.  However, the efficacy and durability of 

the various lures over time have not been evaluated.  Additionally, relocating scent stations a short distance to a novel 

location during mid-sampling may increase rate of visitation.  Our objective was to identify the optimal lure and 

relocating procedure to maximize visits and recapture rate of foxes.  We placed remote cameras at 660 random 

locations throughout nine study regions in the Great Basin Desert, Mojave Desert, and Colorado Plateau.  Each 

location was randomly assigned 1 of 3 possible methods to broadcast scent: Plaster of Paris tablet, cotton swabs, or 

hollowed golf ball.  After seven days, half of the scent stations were relocated 100 meters, while others remained in 

the same location.  Stations were then monitored for an additional week.  Detection of kit foxes did not vary by scent, 

but did vary by method of scent deployment with cotton swabs providing the highest rate of visits.  Recapture rates 

did not increase when scent stations were relocated.  We suggest that the use of cotton swabs during sampling 

maximizes captures, and the predictive power of occupancy modelling.  

THE ENVIRONMENTAL CONTEXT OF PREDATOR-SPECIFIC RATES OF PREDATION ON SNOWY PLOVER NESTS 

Kristen S. Ellis1, Randy T. Larsen1, David N. Koons2, John F. Cavitt3, Robert N. Knight4, C. Russell Lawrence III5 

1Department of Plant and Wildlife Sciences, Brigham Young University, Provo, UT 
2Department of Wildland Resources, Ecology Center, Utah State University, Logan, UT 

3Department of Zoology, Weber State University, Ogden, UT 
4Environmental Programs, Dugway Proving Ground, Dugway, UT 

5Natural Resources, Hill Air Force Base, UT 

 

Predators are a dominant driver of reproductive failure in avian populations. Identifying predators can help explain 

variation in nest survival, however, most studies have grouped predation events together which may obscure 

predator-specific impacts. We used remote cameras to monitor 344 snowy plover nests at Great Salt Lake, Blue Lake, 

Fish Springs National Wildlife Refuge, and Dugway Proving Ground between 2011 and 2016. We constructed 

competing models of overall and predator-specific rates of predation as a function of site, Julian date, distance to 

roads, and nesting substrate. Overall rates of predation varied by site, nesting substrate, and Julian date. The 

probability of nest predation was greater at Great Salt Lake (0.58, 95% CI = 0.50 – 0.65) than in western Utah (0.35, 

95% CI = 0.28 – 0.42). Predator-specific models revealed that gulls (Larus spp.) and common raven (Corvus corax) had 

greater odds of depredating plover nests at Great Salt Lake than in western Utah (10.7, 95% CI = 3.0 – 33.3; and 10.9, 

95% CI = 3.1 – 38.9, respectively). However, nests in western Utah had greater odds of being depredated by kit fox 

(Vulpes macrotis) and coyote (Canis latrans; 5.3, 95% CI = 1.6 – 17.8; 2.0, 95% CI = 0.8 – 5.5, respectively). Gulls, 

common raven, and coyote all had lower rates of predation during the middle of the breeding season, whereas 

depredation of nests by kit fox peaked midseason. Additionally, gulls were more likely to depredate nests located on 

barren substrates compared to vegetated substrates. Estimating the contribution of specific predators can increase 

our understanding of how nest predation influences bird populations, and help direct management in more 

appropriate and focused directions. 

 

 

 

 

 

 



SUBTERRANEAN CACHING OF DOMESTIC COW (BOS TAURUS) CARCASSES BY AMERICAN BADGERS (TAXIDEA TAXUS) IN THE GREAT BASIN 

DESERT, UTAH 

 

Ethan H. Frehner1, Evan R. Buechley1, Tara Christensen1, Çağan H. Şekercioğlu1,2 
1Biodiversity and Conservation Ecology Lab, University of Utah, 257 S 1400 E, Salt Lake City, Utah 84112 

2College of Sciences, Koç University, Rumelifeneri, Istanbul 34450, Turkey 

 

Camera traps documented 2 solitary American badgers (Taxidea taxus) independently caching juvenile domestic cow 

(Bos taurus) carcasses during late winter of 2016 in the Great Basin Desert of Utah. One carcass was partially buried 

and the other was entirely buried. Both badgers constructed dens alongside their cache, where they slept, fed, and 

spent up to 11 days continuously underground. They abandoned the sites 41 and 52 days after initial discovery.  

To our knowledge, this is the first documented account of an American badger—or any other mustelid—burying an 

immovable carcass significantly more massive (3-4 times) than itself. Several North American mustelid species, 

including the wolverine (Gulo gulo), marten (Martes americana), and long-tailed weasel (Mustela frenata) have been 

known to cache carcasses of ungulates and rodents, and a study by Hüner and Peter (2012) described a fisher (Martes 

pennanti) caching an American black bear (Ursus americanus) carcass in situ beneath branches and bracken (but not 

burying it). Though American badgers have previously been documented feeding on large mammalian carrion, such as 

domestic pig (Sus scrofa domesticus) and cattle (Bos taurus), there have been no previously published records of 

badgers caching items larger than jackrabbits. 

American badger activity in this study has demonstrated that they are capable of caching carcasses weighing over 20 

kg, and they would thus likely be able to bury the majority of carrion items that they encounter in the wild. This is 

ecologically significant as American badgers are widespread mammals that could be responsible for consuming a 

much larger portion of carrion in many ecosystems than previously thought, potentially having a significant impact on 

nutrient cycling across their large geographic range. Furthermore, the burial of diseased carcasses could provide a 

significant ecosystem service to ranchers. 

 

WHITE-TAILED PRAIRIE DOG MONITORING IN UTAH 2008–2016. 

Kimberly Hersey1, Anthony Wright1, Brian Maxfield1, Adam Brewerton1, George Oliver1 
1Utah Division of Wildlife Resources, Salt Lake City, UT 84116  

  

Our objective was to monitor white-tailed prairie dogs (WTPD) in Utah over time and determine the relative effects of 

potential threats and landscape attributes on WTPD habitat use.  We surveyed for WTPDs during the summers of 

2008, 2011, 2014, and 2016.  During each survey period we made two visits to a site allowing us to estimate detection 

probability, occupancy, colonization, and extinction.  We modeled the relationships between colonization and 

extinction using covariates related to oil and gas development, shooting, and  invasive species.  The best model for 

approximating detection probability did not support differences between years.    Detection probability was uniformly 

high and estimated at 0.88 SE=0.01. Occupancy estimates were relatively stable between years varying between 0.47 

and 0.56. Initial occupancy was positively correlated with increasing road density, was higher inside of the black-

footed ferret management zone, was higher at lower elevations, increased with increasing distance from an oil or gas 

well, and decreased at greater soil depths .  Colonization was more likely on private lands and on sites with an 

increasing number of wells.  No covariates for extinction were included in the best-supported model.  We did not find 

support for any anthropogenic threats negatively impacting WPTD occupancy. We intend to continue occupancy 

monitoring to document the success or failure of conservation actions with the past four surveys serving as a baseline. 

DARK KANGAROO MOUSE POPULATION DYNAMICS FROM 1930 TO PRESENT IN THE EASTERN GREAT BASIN 

 

Samantha E. Phillips1, Brock R. McMillan1, Robert N. Knight2, Kimberly A. Hersey3, Terri L. Pope3, and Keith 

S. Day4 

1Department of Plant and Wildlife Sciences, Brigham Young University, Provo, UT 84602 
2Natural Resources Office, Dugway Proving Grounds, Dugway, UT 84022 

3Division of Wildlife Resources Central Region, Springville, UT 84663 
4Division of Wildlife Resources Southern Region, Cedar City, UT 84721 

 

Small mammals are a keystone guild in arid ecosystems; often exerting top-down control on the diversity and 

structure of plant communities. However, changing climate, shifting fire regimes, and the invasion of exotic plants are 

modifying the structure of arid systems such as the Great Basin. Environmental changes in these arid systems are 

likely altering small mammal communities, with potentially stronger effects on rare or sensitive species. The dark 

kangaroo mouse (Microdipodops megacephalus) is an ecological specialist, requiring a specific set of habitat 

conditions in order to survive. They are closely associated with vegetated dune habitats in the Great Basin desert, one 



of the most threatened habitats in North America. When first described in the late 1800’s, M. megacephalus was 

considered locally common; today they are described as rare and declining. This species is especially at risk at the 

eastern edges of its range in Utah, where it is also poorly studied. We conducted a multi-year population survey in 

order to ascertain the current status and range of M. megacephalus within the state. Four teams sampled 234 historic 

locations (some previously sampled during the mid-20th century) of M. megacephalus across western Utah from 2014-

2015. Of the sites sampled, only 5 sites resulted in M. megacephalus captures, totaling 15 individuals. Such a low 

detection rate could indicate a state-wide population decline for M. megacephalus, both compared to historic 

population levels and to populations surveyed less than ten years ago. There may be cause for concern about the 

status of M. megacephalus populations within the state of Utah, indicating a need for future management action. 

COMMUNITY-BASED CONSERVATION AND THE FUTURE 

OF WILDLIFE MANAGEMENT: LESSONS LEARNED IN WAR 

 

        Terry A. Messmer 

Utah Community-Based Conservation Program, Jack H. Berryman Institute,  

Utah State University, Logan, UT 84322-5230 

 

The decade long process that culminated in the 2015 U.S. Fish and Wildlife Service decision to not provide the greater 

sage-grouse (Centrocercus urophasianus) protection under the Endangered Species Act has often been likened to war. 

To fight this war, opposing factions engaged public opinion, social media, the courts, congress, and the political 

processes as weapons to gain relief. However, those most often affected by conservation policies, the communities 

that live and work in the sagebrush (Artemisia spp.) biome, opted for the non-combative alternative strategy of 

incentive-based collaboration.  Concomitantly, the knowledge and values of local communities are now being 

increasing sought and acknowledged by federal and state agencies and non-governmental organizations because of 

the potential for valuable contributions to natural resources conservation and management. The success of these 

relationships has been linked to reciprocity and transparency in information exchange, common goals, enhanced 

understanding of rules of law and social processes, and shared scientific discovery which collectively created a 

foundation for mutual trust. These social engagement processes, often referred to as local working groups, are 

enhancing the connectedness of communities to government and shaping individual and group action leading to 

increased ownership and positive outcomes. These processes seek to encourage innovation, new ideas, and risk taking 

as those involved learn together more about themselves and the systems they are managing while they are actively 

managing them. However, even given the recent innovative successes involving the sage-grouse, there remain 

practical and policy challenges and unresolved questions regarding how governments and those who do not live in the 

affected communities view and will respond to communities empowered to make their own resource management 

decisions. To frame and address these questions, I will explore the parallels between war and collaboration to define 

the role of community-based conservation in the future of wildlife management and conservation. 

 

A BIOLOGIST’S ROLE IN CREATING SUCCESSFUL AND RESPONSIBLE WIND ENERGY PROJECTS 

  

    Joseph B. Platt, Ph.D.                                   

Department of Biological Sciences, Dixie State University, St. George, UT 84790 

  

Renewable energy from wind and solar sources promise to provide clean reliable energy for our future. But there 

have been unintended consequences for society and wildlife. The significant number of birds and bats killed at some 

wind energy projects typically are the result of poor project siting decisions. Decisions often associated with 

inadequate biological surveys or analysis at the beginning of the project. Biologists serve as independent observers 

who ensure the compliance of the project with state and federal guidelines. They can also work with developers to 

choose options that will protect natural resources beyond required standards. 

The presentation will draw upon actual windfarms projects to illustrate conflicts and their resolution. It will also 

discuss opportunities presented by the profession of biological consultant.    

 

 

 

 

 

 

 

 

 



A NOVEL TOOL FOR PRIORITIZING WILDLIFE MANAGEMENT ACTIONS THAT ACCOUNTS FOR EXPOSURE TO POTENTIAL CLIMATIC CHANGES 

  

Edd Hammill1, Jeffrey Haight1, Jimi Gragg2, Eric Edgley2, Gary Ogborn2, Paul Badame2, Stephen Hansen2, Joel Tuhy3 

1Department of Watershed Sciences, Utah State University, Logan UT 84322 
2Utah Division of Wildlife Resources, Salt Lake City, UT 84116 

3The Nature Conservancy, Salt Lake City, UT 84102  

  

While projected future climate data provide insight into how temperature and precipitation metrics may change in 

the future, they offer few clues into how these changes are likely to affect wildlife. A crucial component of 

understanding how future climatic changes will affect species is related to dispersal, more specifically, the rate at 

which a species will have to travel in order to experience its current climatic conditions. This need to understand the 

distances species need to travel has led to the development of “climate velocities”, which specifically describe the 
rates at which organisms will need to move across landscapes to maintain their current climatic conditions. 

Understanding how climate velocities are distributed may significantly aid managers wishing to identify priority 

management areas, as low climate velocities indicate areas that are likely to be relatively resilient to climatic changes. 

In addition, climate velocity data may be used to identify species that are likely to be less vulnerable to climate 

changes, and aid in active management decisions such as assisted migration. Here we present a method whereby 

climate velocities can be used to value land parcels in the state of Utah. The goal of the project was to identify land 

parcels that will be relatively unaffected by future climatic changes in order that they can be the focus of future 

management activities. Using human/Black Bear conflicts as a case study, we demonstrate how spatial climate 

velocity data can be incorporated into prioritizing management areas within a species range. As part of our results, we 

present how the framework we have developed can be rapidly applied to emerging management issues, and be 

tailored to the needs of specific end users. We are keen to make the methodology as accessible as possible and will 

discuss how interested potential stakeholders can utilize the techniques in their own work. 
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