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Welcome

Dear Conference Participant:

Welcome to “Crossing Boundaries: Science, Management & Conservation in the Greater Yellowstone,” the 12th Biennial Scientific
Conference on the Greater Yellowstone Ecosystem. Since 1991, this conference series has been an important scientific venue for
researchers and management partners with a shared interest in understanding the natural and cultural resources of the region. The
theme of this conference comes at a critical time for cross-boundary issues. The conference serves as a place for exchanging scientific
information and ideas and discussing cross-boundary challenges relevant to management. Our goal is to investigate those resource
issues and science questions that require new research and collaboration.

In the 23 years since the first Biennial Scientific Conference, the Greater Yellowstone Ecosystem has been in transition, from
both an ecological and a management perspective. Coming together to share new information, and to critically examine current
knowledge and management strategies, we can reflect on our successes, and failures, to work across boundary lines.

We hope to inspire managers at this year’s conference to celebrate some of the region’s success stories. We also challenge participants
to assess the state of collaborations in cross-boundary conservation challenges and to discuss new approaches to try over the coming
years. This year’s conference will feature panel discussions that raise important questions across all jurisdictions: How do we achieve
landscape-level conservation in a divided environment? How can we address climate change in a collaborative manner? What does
the future hold for carnivores in this diverse stakeholder region? We intentionally integrate management and science topics within
sessions to promote discussion, thought, and re-evaluation.

We hope you find your experience at the conference rewarding. Please take some time to explore Yellowstone during your visit

and enjoy this special place.

Sincerely,

Program Committee

12th Biennial Scientific Conference on the Greater Yellowstone Ecosystem

David Hallac, Yellowstone Center for Resources, Yellowstone National Park
Cathy Whitlock, Montana Institute on Ecosystems, Montana State University
Matt Kauffman, University of Wyoming

Tom Olliff, Great Northern Landscape Conservation Cooperative

Dan Tyers, Gallatin National Forest

Jeft Kershner, U.S. Geological Survey

Jodi Hilty, Wildlife Conservation Society

Wayne Freimund, University of Montana

Kristin Legg, Greater Yellowstone I&M Network

Virginia Kelly, Greater Yellowstone Coordinating Committee

Sue Consolo-Murphy, Grand Teton National Park

Pat Flowers, Montana Fish, Wildlife, and Parks

Paul Schullery, Montana State University

Scott Smith, Wyoming Game and Fish Department



Biennial Scientific Conference Series

The Greater Yellowstone Ecosystem biennial scientific conference series, initiated in 1991, encourages awareness and application
of wide-ranging scientific work on the region’s natural and cultural resources and the human relationship to conservation and
resource management. These conferences, with the active involvement of professional societies and other institutions, provide a
much-needed forum for knowledge-sharing among hundreds of researchers, park managers, and the general public. They attract
world-class speakers and are interdisciplinary by design. These conferences, and the ten large proceedings volumes they have
produced, are perhaps the single most comprehensive source of scientific information on the Greater Yellowstone Ecosystem in
the history of the region.

Crossing Boundaries: Science, Management & Conservation in the Greater Yellowstone
October 6 — 8, 2014

Greater Yellowstone in Transition: Linking Science and Decision Making
2012

Questioning Greater Yellowstone’s Future: Climate, Land Use, and Invasive Species
2010

The ‘88 Fires: Yellowstone and Beyond
2008

Greater Yellowstone Public Lands: A Century of Discovery, Hard Lessons, and Bright Prospects
2005

Beyond the Arch: Community and Conservation in Yellowstone and East Africa
2003

Yellowstone Lake: Hotbed of Chaos or Reservoir of Resilience?
2001

Exotic Organisms in Greater Yellowstone: Native Biodiversity Under Siege
1999

People and Place: The Human Experience in Greater Yellowstone

1997

Greater Yellowstone Predators: Ecology and Conservation in a Changing Landscape

1995

The Ecological Implications of Fire in Greater Yellowstone

1993

Plants and Their Environments
1991



Past Lecture Series Speakers

A. Starker Leopold Lecture

Conference
11 (2012)
10 (2010)

Speaker

Estella Leopold, University of Washington (unable to attend)
Mary Meagher, retired U.S. Geological Survey
Norm Christensen, Duke University

Jack Ward Thomas, U.S. Forest Service
Richard Leakey

Robert Smith, University of Utah

Barry Noon, Colorado State University

T.H. Watkins, Montana State University

L.D. Mech, University of Minnesota

Mark S. Boyce, University of Wisconsin

Aubrey L. Haines Lecture

Conference
11 (2012)
10 (2010)

Speaker

Paul Schullery, Montana State University

Judith Meyer, Missouri State University

Mark Hebblewhite, University of Montana

Sarah E. Boehme, Whitney Gallery of Western Art

Dan Flores, University of Montana

John Vatley, Yellowstone National Park

Holmes Rolston I1I, Colorado State University

(Not initiated until 5th Conference/1999; Haines attended in 1997 and moderated a session)

Superintendent’s International Lecture

Conference
11 (2012)
10 (2010)

Speaker

Ian W. Dyson, Alberta Environment and Sustainable Resource Development
Goran Ericsson, Swedish University of Agricultural Sciences
Alfredo Nolasco-Morales, The Nature Conservancy

Harvey Locke, Canadian Parks and Wilderness Society
A.R.E. Sinclair, University of British Columbia

Nigel Trewin, University of Aberdeen (Scotland)

Daniel Botkin, University of California Santa Barbara
Donald Worster, University of Kansas

Stephen Herrero, University of Calgary

Monte Hummel, World Wildlife Fund Canada



Conference Information and Services Available

Conference Information Hotline: (406) 581-4239

Conference Check-In & Information Desk Hours Mammoth Health Clinic

Monday, October 6: 11 a.m.—6 p.m. Monday—Thursday, 8:30 a.m.—5 p.m.

Tuesday, October 7: 7 a.m.—5:30 p.m. Friday, 8:30 a.m.—1 p.m.

Wednesday, October 8: 7:30 a.m.—3p.m. 307-344-7965

Hotel Front Desk Hours Mammoth Hotel Dining Room Lounge Hours
Monday, October 6: 12 p.m.-9 p.m. Beverages Only

(hotel rooms available starting at 3 p.m.) Tuesday, October 7: 5 p.m.—10 p.m.

Tuesday, October 7: 7 a.m.— 9 p.m. Terrace Grill Hours

Wednesday, October 8: 7 a.m.—5 p.m. October 8-12: 11 a.m.—5 p.mm.

(check out available until 2 p.m.)
Guest Messages: 307-344-5600 Yellowstone General Store Hours

. . Daily, 9 a.m.—6 p.m.
Presentation Practice Room

Check out key from the Conference Check-In & Hotel Gift Shop Hours
Information desk Monday, October 6: 9 a.m.—8 p.m.

Tuesday, October 7: 7 a.m.—7 p.m.

Mammoth Temporary Visitor Center Hours Wednesday, October 8: 7 a.m.—6 p.m

9 a.m.—5 p.m., everyday
307-344-2263

ATM Locations: Mammoth Hot Springs Hotel and Yellowstone General Store

Internet Access

“Pay-as-you-go” Internet access is available in the Mammoth Hotel Dining Room Lounge. Seating for Internet access in the
Mammoth Hotel Dining Room Lounge is available (guests wishing to use the internet during meal periods will be required to
produce a conference name badge). 1 hour: $4.95, 1 day: $11.95, 3 days: $24.95. 24-hour customer care is available by calling
1-877-658-5997.

Tuesday, October 7: 7 a.m.—10 p.m.
Wednesday, October 8: 7 a.m.—2 p.m.
Connection Instructions:
1. Enable Wi-Fi on your laptop/PDA and connect to the network labeled “Global Gossip Public Access”.
(An 802.11b/g card is needed to connect.)
2. Open your favorite web browser (IE, Firefox, Safari, etc.)
3. Click on the button labeled “Create a New Account”
4. Follow the instructions on screen for account set up and payment details

5. Once you have completed the account set up, click on “Start Browsing”
Road Closure and Construction Information: Current Road Report Hotline (24 hours/day): 307-344-2117

Park Entrance Gates

You are exempt from paying the entrance fee to Yellowstone National Park while you are participating in the conference. If you
travel outside of Yellowstone during the conference, please use your name badge to re-enter the park. If you have any ques-
tions, please visit the Conference Check-In & Information desk.



Agenda

Day 1: Monday, October 6

Time |Length Activity Location
4:00- |2hr Poster Session set up. Posters must be set up by 6 PM Monday. Rec Hall Edges
6:00
PM
6:00- |30 min Opening Remarks Rec Hall
6:30 Carhy Whitlock, Montana Institute on Ecosystems
PM Dave Hallac, Chief of Yellowstone Center for Resources, Yellowstone National Park
Welcome
Dan Wenk, Superintendent, Yellowstone National Park
6:30— 1 hr 30 min | Welcome Recfptian Hote’lLobby
IE;\(/)IO Heavy hors d'oeuvres and cash bar & Map Room
8:00- |45 min+ Keynote Address: The Power of Photography Rec Hall
9:00 15 min Michael “Nick” Nichols — National Geographic Magazine Photojournalist
PM questions
Day 2: Tuesday, October 7
Time |Length Activity Location
7:00- |1hr Breakfast/Buffet Dining Room
8:00
1hr 15 Concurrent Session 1
min
1a: Animal Movements Across Boundaries | 1b: Natural Disturbances that Cross
(Rec Hall) Boundaries (Map Room)
Moderaror: Matt Kauffman, USGS Moderator: Dan Reinhart, Yellowstone
National Park
8:00-8:15 | Clark’s nutcracker demography and Climatic controls on mountain pine beetle
habitat selection in the face of whitebark | mediated mortality in white bark pine in
pine decline, Taza Schaming the GYE, David Thoma
8:15-8:30 Elk migrations of the Greater Yellowstone | Disturbances across boundaries: Forest
Ecosystem: A review, Arthur Middleton structure, wildfire severity, and post-
_ fire resilience following recent bark Rec Hall: 1n
8:00' beetle outbreaks in forests of Greater &
9:15 Yellowstone, Brian J. Harvey Map Room: 1b
8:30-8:45 | Supplemental feeding alters elk Mountain pine beetle in GYE whitebark
migration, Jennifer Jones pine: The fire that doesn't go out, Jesse A.
Logan
8:45-9:00 Ungulate use of primary productivity Climate change, mountain pine beetles,
in the Greater Yellowstone: Seasonal and whitebark pine forests of the Greater
migration, climate change, and complex Yellowstone Area, Polly C. Buotte
management, David Christianson
9:00-9:15 | What to do with offspring of conflict Understanding fire refugia and their
bears: Genetic insights from the Greater importance to conservation in the Rocky
Yellowstone Ecosystem, Mark A. Mountains of the U.S. and Canada,
Haroldson Geneva Chong
9:15- | 15 min Break Rec Hall &
9:30 Coffee available all day Map Room

Agenda
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Day 2: Tuesday, October 7

Time |Length Activity Location
2 hr Panel 1: When traditional research approaches are not enough - challenges to
landscape level conservation
Moderator: Wayne Freimund, College of Forestry ¢ Conservation, University of Montana
9:30-9:45 | Seeking cause and effect in a complex world, Wayne Freimund
9:45-10:00 | Resident opinions regarding the economic and ecological impacts of wolves and wolf
management in Montana, Meredith Berry
9:30- 10:00-10:15 | Using mobile apps to provide cross-jurisdictional information for visitors to the
1'1,30 Yellowstone region, Whitney Tilt Rec Hall
10:15-10:30 | Cognitive and behavioral influences for park support to Yellowstone National Park,
Jake Jorgenson
10:30-10:45 | Ungulate migrations in and around the Greater Yellowstone Ecosystem: Ecological
insights and management challenges, Matthew Kauffman
10:45-11:30 | Panel Discussion: Session Authors and Invited Managers — David Vela, Superintendent
of Grand Teton National Park and Mary Riddle, Chief of Planning and Compliance at
Glacier National Park
11:30- | 1 hr 15 min | Zunch/Plated Meal Dinine R
. lﬂlﬂg oom
12:45
30 min Superintendent’s International Lecture: Crossing the Boundaries of Science, Values,
12:45- | +15 min and Practice to Advance Nature Conservation Rec Hall
1:30 questions Craig Groves, Senior Scientist, The Nature Conservancy
1:30- |15 min Break Rec Hall &
1:45 Coffee available all day Map Room
1hr 30 Concurrent Session 2
min
2a: New Partnerships Bridging 2b: Emerging Technologies to Understand
Jurisdictional Boundaries (Rec Hall) Transboundary Science Issues (Map Room)
Moderator: Tom Olliff; Great Northern Moderator: Harold Bergman, UW-NPS
Landscape Conservation Cooperative Research Center
1:45-2:00 Breaking down barriers -- Collaboration Fostering interdisciplinary science through
across boundaries to remove dams in data curation: Geobiology at YNP as
Grand Teton NP, Sue Consolo-Murphy exemplar, Bruce W. Fouke
2:00-2:15 The Murie legacy in 21st century Climate mediated disease costs: Using
conservation: Crossing partnership thermal imagery to estimate calorie costs
boundaries to break the gridlock, Paul of mange infections in wolves, Paul Cross
Walden Hansen
1:45- | 2:15-2:30 The Greater Yellowstone Area Mountain | Using citizen science to cross educational | Rec Hall: 22
3:15 Ungulate Project, Robert Garrott and research boundaries in the quest to &
better understand disease dynamics in the | Map Room: 2b
GYE, Emily Almberg
2:30-2:45 Road trip Mongolia: Building capacity Lessons from ecological forecasting in
for managing protected areas, Cliff the GYE: Access, synthesis, analysis, and
Montagne modeling of essential variables across
boundaries, Robert Crabtree
2:45-3:00 Linking basic and applied research, multi- | Calibrating a dynamic vegetation model
resource management, public education, [ to simulate climate change impacts in
and enforcement: Post-fire archeology on | Greater Yellowstone, Kathryn Ireland
the Shoshone National Forest, Wyoming,
Lawrence Todd
3:00-3:15 2014: A remarkable year of research Using field data to validate remote
and monitoring on the world’s favorite sensing models of grassland phenology,
volcano, Peter Cervelli biomass, and forage quality in the Upper
Yellowstone River Basin, Erica Garroutte
8 12th Biennial Scientific Conference on the Greater Yellowstone Ecosystem




Day 2: Tuesday, October 7

7:00 PM - Dinner/Plated Meal, Dining Room — 1 hr (Banquet Ticket Required To

Attend)

8:00 PM - Lecture, with coffee and dessert, will be moved to the Rec Hall so the

general audience can attend - 1 hr

Time |Length Activity Location
3:15- | 15 min Break
3:30 Coffee and Brownies in Recreation Hall only B
1 hr 30 min Concurrent Session 3
3a: Ecosystem Processes That Know No 3b: Bison Conservation: Challenges &
Boundaries (Rec Hall) Opportunities (Map Room)
Moderator: Cathy Whitlock, Montana Moderator: Keith Aune, Wildlife
Institute on Ecosystems Conservation Society
3:30-3:45 Recovering aspen follow changing elk Assessing alternatives for managing a
dynamics on the Yellowstone northern bison population chronically infected with
range, Luke E. Painter brucellosis, Chris Geremia
3:45-4:00 | Working across boundaries improves A genomic assessment of brucellosis
monitoring of amphibians in the Greater | transmission among wildlife and livestock
Yellowstone and beyond, William Gould | of the Greater Yellowstone Ecosystem,
Pauline L. Kamath
4:00-4:15 Using spatio-temporal trend analysis Bison conservation across boundaries: An Rec Hall: 30
3:30- to identify areas of critical climatic and investigation into the human dimensions & '
5:00 ecological change across the Greater of wild bison in the gateway communities Map Room: 3b
Yellowstone Ecosystem (GYE), Steven Jay | of Greater Yellowstone, Peter William '
Metcalf
4:15-4:30 | Analyzing changes and differences in The role bison play in shaping plant
glacial melt rates across the southern communities: A test of the grazing
Greater Yellowstone Ecosystem, Jeffrey optimization theory, Rick Wallen
VanLooy
4:30-4:45 Intraspecific aggression affects vital rates | Vegetation conditions and bison
and competitive ability in gray wolves reproduction affect the timing of return
(Canis lupus) of Yellowstone National migrations to Yellowstone - Implications
Park, WY, Kira A. Quimby on brucellosis spillover to livestock, Chris
Geremia
4:45-5:00 Assessing the additive and compensatory | A range of boundaries: Grasping the
nature of wolf predation in the multi- challenges of bison on a wider landscape,
prey system of Yellowstone National Park, | Mason Auger
Matthew C. Metz
5:00- | 30 min Break—participants on own (nothing provided) _
5:30
5:30- 1 hr 30 min | Poster Session and Evening Reception
7j00 Appetizers and Cash Bar Rec Hall
2 hr A. Starker Leopold Banquet and Lecture: Fires and Beetles and Climate, Oh My!
Science, Management, and Conservation in Yellowstone
Dr. Monica Turner, Professor of Zoology, University of Wisconsin
7:00- Dining Room
9:00 ¢ Rec Hall

Agenda
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Day 3: Wednesday, October 8

Time |Length Activity Location
7:00- 1hr Brea/efa:t/Buﬁ%t Dining Room
8:00
1hr 30 Concurrent Session 4
min
4a: The Journey to Achieving Desired 4b: Perspectives on Management
Conditions (Rec Hall) Boundaries: The Political, Ecological,
Moderator: Kristin Legg, Greater Yellowstone | Economic & Social Dimensions of Decision
Network Making (Map Room)
Moderaror: Sue Consolo-Murphy, Grand
Teton National Park
8:00-8:15 | The long road to a major environmental | The U.S. National Park Service:
cleanup, Thomas Hatcher Henderson Organizational adaptation in an era of
complexity, uncertainty, and change,
Christina Mills
8:15-8:30 Bat monitoring in Yellowstone National Adaptively crossing the boundary: A case
Park: Preparing for the arrival of white- study of winter use in Yellowstone, Jo
8:00- nose syndrome, John Treanor Arney Rec Hall: 4a
9:30 8:30-8:45 Long-term reproduction (1984-2013), Modeling the political environment for Za Room: 4b
nestling diet and eggshell thickness of transboundary cooperation in the Greater 7 '
peregrine falcons (Falco peregrinus) in Yellowstone Ecosystem, Robert Pahre
Yellowstone National Park, Lisa Baril
8:45-9:00 Archaeological boundaries and their Crossing boundaries to restore
transgressions in the Greater Yellowstone | Yellowstone cutthroat trout in
Ecosystem, Staffan Peterson Yellowstone Lake, Robert E. Gresswell
9:00-9:15 | Time as a management tool — long-term Managing the iconic bear in the iconic
dynamics of the New Zealand mud snail national park: Bears and people in
and native invertebrate communities in Yellowstone, Patricia A. Taylor
the Greater Yellowstone Area, Teresa M.
Tibbets
9:15-9:30 Prioritizing conservation of Yellowstone The “Gardiner Gateway Project:”
cutthroat trout across their range, Bradley | Connecting community and Yellowstone,
B. Shepard Norma Nickerson
9:30- 15 min Break Rec Hall &
9:45 Coffee available all day Map Room
2 hr Panel 2: Managing natural and cultural resources under a changing climate — moving
forward in an uncertain future
Moderator: Jeff Kershner, USGS Northern Rocky Mountain Science Center
9:45-10:00 | Whitebark pine response to past climate change and fire activity: Are we
underestimating the resilience of the species? Cathy Whitlock
10:00-10:15 | Ice patch archaeology at the crossroads of culture and climate change in the Rocky
Mountains, Craig M. Lee
9:45- | 10:15-10:30 | Developing a mechanistic understanding of the effects of climate change on native Rec Hall
11:45 and non-native salmonids in the Greater Yellowstone, Robert Al-Chokhachy ect1a
10:30-10:45 | Assessing climatic controls on river flows in the Greater Yellowstone Ecosystem, Adam
Sepulveda
10:45-11:00 | Cross-jurisdictional management implications of tree response to climate change in
Yellowstone and the Northern Rockies, Andrew Hansen
11:00-11:15 | Decision points for the future: Taking action to prepare for climate change, Molly S.
Cross
11:15-11:45 | Panel Discussion: Session Authors
11035- 1 hr 15 min | Lunch/Buffer Dining Room
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Day 3: Wednesday, October 8

Time |Length Activity Location
. 30 min Aubrey L. Haines Lecture: Paradox in the Park: the Jackson Hole Airport
1:00- . i ) ) o
1:a5 | *15> min Dr. Robert Righter, Professor of History, Southern Methodist University Rec Hall
’ questions
1:45- | 15 min Break Rec Hall &
2:00 Coffee available all day Map Room
1hr Concurrent Session 5
5a: Local Studies with Regional 5b: The Growing Wildland-Exurban
Applications (Rec Hall) Development Area Interface (Map Room)
Moderator: Bill Romme, Colorado State Moderator: Virginia Kelly,
University Cooperative Greater Yellowstone Coordinating Committee
2:00-2:15 Fire history of Jackson Hole (Grand Teton | Partnerships and science to link
NP and Bridger Teton NF), Kevin Krasnow | Yellowstone National Park to protected
areas and local communities across the
2:00- High Divide, Michael B. Whitfield Rec Hall: 54
3:00 2:15-2:30 Early postglacial terrestrial and limnologic | Mule deer movements and habitat &
development in the northern Greater use along the wildland-exurban-urban Map Room: 56
Yellowstone Ecosystem (GYE), Teresa R. interface, Corinna Riginos
Krause
2:30-2:45 Influence of winter feedgrounds on elk Conserving migratory mule deer through
calf:cow ratios in the GYE, Aaron Foley the umbrella of sage-grouse, Holly
Copeland
2:45-3:00 Cutthroat trout conservation strategy for | Identifying impediments to long-distance
the Lamar River drainage, Todd Koel mammal migrations, Renee Seidler
Poster Session ends. Posters must be removed by 3:15 PM.
- 15 min Break
31 5_ Coffee and Cookies in Recreation Hall only Rec Hall
2 hr 15 min | Panel 3: Nature, red in tooth and claw: Carnivore conservation across boundaries
Moderator: Dave Hallac, Yellowstone National Park
3:15-3:30 Dietary breadth of grizzly bears in the Greater Yellowstone Ecosystem, Kerry Gunther
3:30-3:45 Age structure and pack composition of an unexploited wolf population in
Yellowstone: Managing for naturalness and maximizing connectivity, Doug Smith
3:45-4:00 Crossing boundaries: Management of a recovered Northern Rockies wolf population
3:15. in Montana, Abigail Nelson
5:30 4:00-4:15 Ecological impacts of recolonizing wolves on a hunted cougar population, Mark Rec Hall
Elbroch
4:15-4:30 Estimating cougar abundance, population structure, and diet on Yellowstone’s
northern range using noninvasive sampling techniques, Daniel Stahler
4:30-4:45 Wolf monitoring and management in Wyoming, Ken Mills
4:45-5:30 Panel Discussion: Session Authors and Invited Managers (TBD)
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Poster Session: Tuesday, October 7th
5:30-7:00 p.m.
Recreation Hall

Cultural Resource Investigations

Hardluck Archaeology: BAER, Probability Models, and Post-
Fire Inventory Methods on the Shoshone National Forest,
Wyoming / Lawrence Todd

Yellowstone Obsidian: An Early Example of Multi-
Jurisdictional Cooperation in the Greater Yellowstone
Ecosystem and Beyond / Marcia Peterson

Before There Were Maps: Searching for and Interpreting Nez
Perce National Historic Trail Sites in the GYE / Daniel H.
Eakin

The Howard Eaton Trail: Crossing Borders and Disciplines
to Preserve the Past / Judith L. Meyer

New Partnerships & Technologies

Creating a Digital Wonderland: Crossing Disciplinary and
Technical Boundaries for Cultural and Historical Landscape
Conservation and Interpretation Using Mobile Devices /
Yolonda Youngs

The Camp Monaco Prize: A Partnership to Support
Transboundary Science and Education in Greater Yellowstone
/ Charles R. Preston

Aggregating and Integrating Geobiological Data from
Yellowstone National Park: A Prototype Data Portal / Andrea
Thomer

Looking Backward, Looking Forward: The Twenty-Fifth
Anniversary of the Aggregation and Vision Projects / Robert
Pahre

Group Sourcing Natural History: Understanding Yellowstone
Badgers / James Halfpenny

Practicing the Art of Conservation: How to be Good
Neighbors in a Landscape Where Wildlife Cross Fences /

Kristine Inman

From Conflict to Resolution in the Two Big-Y Parks: Ending
20 Years of Controversy in Yellowstone and Yosemite / Mike
Yochim

Fire, Forest Ecology & Climate Change

Postfire Plant Community Dynamics in Subalpine Forests:
The First 25 years after the 1988 Yellowstone Fires / William
H. Romme

Analysis of Hazard Fuel Treatments within Yellowstone’s
Extensive Wildland Urban Interface / Rebecca Smith

Calibrating a Mechanistic Fire Module for GYE Vegetation
Modeling / Kristen Emmett

Isotopic Heterogeneity and Nutritional Ecology of
Whitebark Pine Nuts in the Greater Yellowstone Ecosystem /
Mary Frances Mahalovich

Planning and Implementing Whitebark Pine Protection and
Restoration Efforts in the Greater Yellowstone Area (GYA) /
Karl Buermeyer

Subalpine Forest Change 1972-2013, Rocky Mountain
National Park, USA / Scott M. Esser

A Climate Change Early Warning System for the Greater
Yellowstone Ecosystem / Ben Poulter

How Have Changing Environmental Conditions Affected a
Postfire Cohort of Aspen Seedlings Twenty-Five Years After
the 1988 Yellowstone Fires? / Winslow D. Hansen

Using Climate Data To Inform Resource Management
Decisions / Ann Rodman

12 12th Biennial Scientific Conference on the Greater Yellowstone Ecosystem



Poster Session: Tuesday, October 7th
5:30-7:00 p.m.
Recreation Hall

Transboundary Resource Issues

Studies of Parasitic Wasps (Hymenoptera) in Association with
a Mountain Pine Beetle (Dendroctonus ponderosae) Outbreak
in Grand Teton National Park / Lawrence Haimowitz

Livestock Management for Coexistence with Large
Carnivores, Healthy Land and Productive Ranches /
Matthew K. Barnes

Tracking Indicators of Vegetation Restoration Progress in
Gardiner Basin: Six Years of Soil and Microbial Composition
Data / Steven Vranian

The Importance of Organic Matter in Restoring Vegetation
in Disturbed Grassland Soils: Reestablishing Fungal and
Prokaryotic Communities / Adrian Xu

Bison Conservation Across Boundaries: An Investigation
into the Human Dimensions of Wild Bison in the Gateway
Communities of Greater Yellowstone/ Peter William Metcalf

Research & Educational Opportunities

Examining the Concept of Yellowstone as a “Natural
Laboratory” / Stephen Friesen

Crossing Boundaries in Hands-on Education:
Implementation of Research Experiences for Undergraduates
by Using Avian Epidemiology as a Model Multipathogen/
Multihost Community / Eric C. Atkinson

Paleoecological Reconstruction of the Bridger Range,
Montana / James V. Benes

The Role of Non-Condensable Gases in Geyser Eruptions /
Bethany Ladd

Investigations of Wildlife

Rare Amphibian Species, Spadefoot Toad, Identified in
Yellowstone National Park / Dylan Schneider

Beaver Habitat Suitability Estimates: GIS-based Adapted
Assessment for the Madison Valley Watershed / Andra
Bontrager

Assessing Hantavirus Prevalence and Dynamics in Deer Mice
Populations on the Northern Range / Jessica Richards

An Apex Mesopredator: Interannual Variability in the Diet
of a Montane Red Fox Population in Response to Whitebark
Pine and Snowshoe Hare Availability / Patrick Cross

The Effects of Simulated and Natural Bison Grazing on
Nitrogen and Phosphate Mineralization in the Northern
Winter Range / E. William Hamilton III

Status of Dam-building Beaver on Public Lands in New
Mexico: A Comparison of Occupied and Vacant Sites / Brian
Small
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Keynote Speakers

Keynote Address - October 6, 2014, 8:00 p.m.

The Power of Photography

A~
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Michael “Nick” Nichols, National Geographic Magazine Photojournalist

Mr. Michael “Nick” Nichols is a wildlife journalist; his narratives are epics where the protagonists are lions, elephants, tigers, and
chimps. Scientist-conservationists like Jane Goodall, J. Michael Fay, lain Douglas-Hamilton, and Craig Packer are all in featured
roles. He came to National Geographic magazine with the legacy of a childhood spent in the woods of his native Alabama, reading
Tarzan and John Carter of Mars adventures. Nichols became a staff photographer for National Geographic magazine in 1996 and
was named Editor-at-Large for photography in 2008. From 1982 to 1995 he was a member of Magnum Photos, the prestigious
photography cooperative founded by photographer Henri-Cartier Bresson. Nick has published 27 stories with National Geographic
magazine, most recently “The Short Happy Life of a Serengeti Lion” (NGM August 2013), breaking new ground in photographing
the king of the beast using infrared, a robot controlled mini-tank for eye-level views, and a tiny, camera-carrying electric helicopter.
LOOK3 Festival of the Photograph featured this story at its 2013 festival; it was also featured at The Visa Pour L'Image festival in
Perpignan, France at its 25th Anniversary 2013 festival. The December 2012 cover story of National Geographic magazine, “The
World’s Largest Trees,” featured a 5-page foldout of a 3,200 year-old Giant Sequoia. The image was made during a California
blizzard. This built upon the technique used in “Redwoods: The Super Trees” (NGM October 2009), where Nichols broke new
ground in photography of the world’s tallest trees by using these innovative rigging techniques to create an 84 image composite

of a 300-foot-tall, 1,500-year-old
redwood tree. At the heart of Nick’s
mission is to preserve true wildness.
Whether in the redwood forests

of California or the acacia plains
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of Kenya, it must be documented,
nurtured, and protected. Nick is
working to create images that show
what we have to gain in caring for
this magnificent planet and what
we have to lose. Nick is currently
based in Yellowstone National Park
for a long-term assignment with
National Geographic magazine.

He is field-directing this massive
project on the greater Yellowstone
ecosystem to be published as a
single issue of National Geographic

magazine in 2015.
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Superintendent’s International Lecture - October 7, 2014, 12:45 p.m.

Crossing the Boundaries of Science, Values, and Practice to Advance Nature Conservation

Craig Groves, Senior Scientist, The Nature Conservancy

My, Craig Groves has been selected as this year's Superintendent’s International lecture presenter. In 1997, Yellowstone National Park
celebrated its 125th anniversary with the theme, “The Best Idea America Ever Had.” The park was an idea thar caught on and spread
around the world, so that most
nations now have established
national parks or similar nature
reserves. Yellowstone serves as a
model in many ways, as these other
nations look to learn from our suc-
cesses, our failures, and our ongoing
experiments in research and man-
agement of cultural and natural
resources. At each Biennial Scientific
Conference, the Superintendent’s
International lecture has featured
an address by a leading figure in
international conservation on some
global aspect of park science and
management. This lecture empha-
sizes the global interchange of ideas
and information among members
of the conservation and scientific
communities.
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Mr. Craig Groves is currently a

Senior Scientist for The Nature

Conservancy’s Science for Nature and People Initiative (SNAP; www.snap.is), a collaboration with the Wildlife Conservation
Society and the National Center for Ecological Synthesis at the University of California, Santa Barbara. SNAP funds and facilitates
multi-disciplinary working groups to address some of conservation’s most challenging problems. He has also served as the Series
Editor for IUCN’s World Commission on Protected Areas Best Practice Guidelines. Prior to the SNAP initiative, Craig directed
the Conservation Methods Team in the Central Science group of the Conservancy, a team of social and ecological scientists who
work to improve conservation planning and monitoring methods, tools, and applications. From 2002-2007, Craig worked as

a conservation biologist and planner for the Wildlife Conservation Society, both in the Greater Yellowstone Ecosystem and in
selected international projects. Earlier in his career, Craig launched the Idaho Natural Heritage Program (a cooperative biodiversity
inventory program between TNC and state government), worked as a nongame and endangered species biologist for the Idaho
Department of Fish and Game, and served as the Director of Conservation Planning for The Nature Conservancy from 19972002
where he led the efforts to develop ecoregional biodiversity plans. He has written and published a book on conservation planning
(Drafting a Conservation Blueprint, Island Press 2003) as well as numerous popular and scientific articles on conservation planning
and on the ecology of at-risk species in the Rocky Mountains. His second book, Conservation Planning: Informed Decisions for a
Healthier Planet (with co-author Eddie Game) is due out in December, 2014.
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A. Starker Leopold Lecture — October 7, 2014, 8 p.m.

Fires and Beetles and Climate, Oh My! Science, Management, and Conservation in Yellowstone
Dr. Monica Turner, Eugene P. Odum Professor of Ecology in the Department of Zoology, University of Wisconsin-Madison

Dr. Monica G. Turner has been selected as this years A. Starker Leopold lecture presenter. A. Starker Leopold (1913—-1983) was an ecol-
ogist, conservationist, and educator, as well as a primary force in the shaping of modern National Park Service policy. As a scientist, he
produced more than 100 papers and five books, including classic studies of the wildlife of Mexico and Alaska. As a teacher, he inspired
generations of students in numerous ecological disciplines. As an advisor to several Secretaries of the Interior, Directors of the National
Park Service, and as chairman of an Advisory Board on Wildlife Management in 1963, Starker led the parks into an era of greater con-
cern for scientifically-based management decisions and a greater respect for the ecological processes that create and influence wildlands.
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Dr. Monica G. Turner is the Eugene P. Odum Professor of Ecology in the Department of Zoology, University of Wisconsin-
Madison. A native New Yorker, Turner received her BS in biology from Fordham University. Between her sophomore and junior
years, an incredible summer spent in Yellowstone as a Student Conservation Association ranger-naturalist stationed at Old Faithful
solidified her interest in ecology. She earned her PhD in ecology at the University of Georgia (UGA), conducting research with the
National Park Service through the Man and the Biosphere Program and in both Virgin Islands and Cumberland Island national
park units. After a postdoc at UGA, Turner spent seven years as a research scientist at Oak Ridge National Laboratory then

joined the UW-Madison faculty in 1994. Her research emphasizes causes and consequences of spatial heterogeneity in ecological
systems, focusing primarily on forest ecosystem and landscape ecology. She began research in Yellowstone during the summer

0f 1988, along with a long-term collaboration with Dr. William H. Romme. She has studied disturbance regimes, vegetation
dynamics, nutrient cycling, and climate change in Greater Yellowstone for over 25 years. Her research includes long-term studies
of the 1988 Yellowstone fires,
landscape patterns of elk habitat

use, interactions between bark
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beetle outbreaks and fire, and

consequences of climate warming

for fire regimes. In addition to

her Yellowstone work, Turner also

studies land-water interactions

in Wisconsin, effects of current

and past land use on southern

Appalachian forest landscapes,

and spatial patterns of ecosystem

services. She has published over

200 scientific papers; authored

or edited six books, including

Landscape Ecology in Theory and

Practice; and is co-editor in chief

of Ecosystems. Turner was elected

to the U.S. National Academy of

Sciences in 2004, and she received

both the ECI Prize in Terrestrial Ecology and the Ecological Society of America’s Robert H. MacArthur Award in 2008. She begins
serving as President-elect of the Ecological Society of America in August 2014. For more information, please visit http://landscape.

zoology.wisc.edu.
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Aubrey L. Haines Lecture — October 8, 2014, 1:00 p.m.

Paradox in the Park: the Jackson Hole Airport
Dr. Robert Righter, Professor of History, Southern Methodist University
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Dr. Robert Righter has been selected as this year’s Aubrey L. Haines lecture presenter. Aubrey L. Haines (1914-2000) remains the

premier historian of Yellowstone.

He also participated in shaping the
parks history for nearly 60 years,
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Sfrom bis first job as a park ranger in
the late 1930s through his retirement
in 1969 and in the following
years, as he continued to produce
important historical works from his
Arizona home. Educated in forestry
and engineering, Aubrey also worked
in Mount Rainier National Park
and Big Hole National Battlefield,
and wrote authoritative histories of
both parks. But it is for his work in
Yellowstone that he is best known
and honored by this lecture series.
The Yellowstone Story (1977) may
be the single most important book
ever published on the park, and
his Yellowstone National Park: Its
Exploration and Establishment
(1974) occupies a unique position as the foremost historical documentation of the park’s creation. In the 1960s, he originated the
collection now known as the Yellowstone Archives, a branch of the National Archives, and gathered countless rare items, interviews,

diaries, and a wealth of other materials into the parks library and museum collection.

Dr. Robert (Bob) Righter is the author or editor of eight books. He earned his PhD at the University of California, Santa Barbara,
enjoyed a successful teaching career at the University of Wyoming and the University of Texas at El Paso, and is now a Research
Professor of History at the Southern Methodist University. Wind energy has been the focus of three of his books, but his first love
is our national parks. He has written on The Battle over Hetch Hetchy (2006) in Yosemite National Park, but is most devoted to
Grand Teton. Crucible for Conservation: The Struggle for Grand Teton National Park, published in 1982, describes the park’s early
history through its enlargement in 1950. Dr. Righter’s new book, Peaks, Politics and Passion: Grand Teton National Park Comes of
Age (2014), available through the Grand Teton Association, tells of park issues from the 1960s to the 21st century.

18  12th Biennial Scientific Conference on the Greater Yellowstone Ecosystem



Paper Abstracts

All authors were invited to submit an extended abstract.

Session 1a: Animal Movements Across Boundaries

Clark’s Nutcracker Demography and Habitat Selection in the Face of Whitebark Pine Decline
Taza Schaming, Cornell University, Cornell Lab of Ornithology, tds55@cornell.edu

Habitat fragmentation and degradation can have large, neg-
ative effects on forest community dynamics and persistence. To
understand processes underlying forest decline and potential for
recovery, I am evaluating whether Clark’s nutcrackers (Nucifraga
columbiana), and hence their functional role as seed dispersers,
can persist in the Greater Yellowstone Ecosystem in the face
of habitat decline. Nutcrackers specialize on seeds of masting
conifers, and are highly sensitive to variation in the cone crop of
high altitude pines -- they will irrupt in years of cone crop failure.
Despite their capacity for wide ranging movement, evidence
suggests they are declining rangewide, likely due to the rapid
disappearance of one of their primary food sources, whitebark
pines (WBPs; Pinus albicaulis). Even the healthiest WBP stands,
located in the Greater Yellowstone, have severely declined; in
2009, 46% of these stands were classified as “high mortality”.
It is important to better understand the impact of the decline of
WBP on nutcracker demography and habitat selection because
Clark’s nutcrackers are essential for WBP regeneration (the seeds
are only dispersed through nutcracker seed caches), and they
disperse seeds of at least ten other conifer species. Nutcrackers
shape the ecosystems in which they live; annually, individual
birds are estimated to store between 32,000 and 98,000 seeds
in thousands of separate locations. They rapidly and effectively
disperse seeds up to 32.6 km, contributing to gene flow across
and between habitat islands, across altitudes and elevations, and
into disturbed, recently burned, and newly available habitats.
With the advent of climate change, increased environmental
disturbance, landscape change, and declining forest health, this
long distance dispersal may be indispensable in helping species
adapt to change.

Over five years (2009-2013), through radio tracking and con-
ducting occupancy, fledgling and habitat surveys, I documented
nutcracker reproductive success, habitat selection, movement
patterns, foraging ecology, and occupancy in areas with variable

WBP mortality. (1) Clark’s nutcrackers at the site experienced

significant interannual differences in food availability and
weather conditions, and two population-wide nonbreeding years
corresponded with low WBP cone crops the previous autumn
and high snowpack in early spring (Fig.1). Adult body condition
during the breeding season differed significantly between breed-
ing and nonbreeding years, and the nutcrackers may have been
in such poor condition that they chose not to or were unable
to breed (Fig.2). Alternatively, the environmental cues available
to the birds prior to breeding, availability of cached seeds, may
have allowed them to know their breeding conditions would be
poor, and therefore led to the decision to skip breeding. Breeding
plasticity would allow nutcrackers to exploit an unpredictable
environment; however, an increase in the number of nonbreed-
ing years, resulting from declining WBP and climate change,
could have serious population-level and ecosystem-wide conse-
quences. (2) Nutcracker range size and habitat selection varied
significantly during breeding and nonbreeding years, suggesting
that a diversity of habitats in close proximity to WBP is required
for nutcracker persistence. (3) After correcting for detectability,
my occupancy model results suggested that nutcrackers track
the WBP cone crop during the autumn harvest season because
nutcracker occupancy positively correlates with local WBP
cone crop levels during that time (Fig.3). In autumns with low
local WBP cone crops, a significantly higher number of radio
tagged nutcrackers moved out of the 10,000 km2 study area.
I hypothesize that the birds were searching for locations with
higher food supplies to ensure increased overwintering survival
and increased breeding success the following spring. (4) There is
a strong positive influence of local WBP importance value and
landscape scale proportion of WBP on nutcracker occupancy
in every season, suggesting nutcrackers select areas with greater
healthy WBDP habitat throughout the year, though radio-tracking
data (n = 76 nutcrackers) show a strong relationship between

daily movements and ephemeral food availability.
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This study informs conservation efforts, and is a rare oppor- nutcrackers in the Greater Yellowstone Ecosystem, allowing for

tunity to understand both mutualism breakdown potential better informed predictions of the impacts of current distur-
and the capacity of a bird population to respond via habitat bances on nutcracker population viability and viability of the
selection. My results characterize the importance of WBP to Clark’s nutcracker-WBP community.

Figure 1. Environmental conditions in
breeding versus nonbreeding years.
Evidence suggests nutcrackers did not
breed population-wide in 2009 and 2011,
years following low whitebark pine cone
crops, and years with high snowpack. Black
horizontal line represents the threshold of
cone crop below which, and the threshold
of snowpack above which the Clark’s
nutcrackers did not breed. (Cone crop and
snowpack data available from Haroldson
MA, personal communication, and United
States Department of Agriculture Natural
Resources Conservation Service Togwotee
Pass SNOTEL station (http://www.wcc.nrcs.
usda.gov), respectively).

Prebreeding Season Body Condition Breeding Season Body Condition Figure 2. Clark’s nutcracker bOdy condition
in breeding versus nonbreeding years.

. 24 e 2 1 - Poaem While nutcracker prebreeding body
s o P condition did not differ between breeding
g 5 — 1 = ! “p=0.002 1 .
8 o : . : and nonbreeding years, the average body
g & A 7 : condition for birds during the breeding
B o © — season was significantly higher in breeding
g5 a versus nonbreeding years. Body condition
= ' . .
z - 8 , is the residuals of body mass regressed
§ I | N | against tarsus, corrected for date.

T T T T
Breeding Years Nonbreeding Years Breeding Years Nonbreeding Years
(2010, 2012) (2009, 2011) (2012) (2011

Figure 3. Clark’s nutcracker occupancy
versus whitebark pine cone crop.
Nutcracker occupancy positively correlates
with local whitebark pine cone crop levels
during the autumn harvest season.
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Elk Migrations of the Greater Yellowstone Ecosystem: A Review
Authur Middleton, Yale School of Forestry and Environmental Studies, arthur.middleton@yale.edu

Doug McWhirter, Doug Brimeyer, Aly Courtemanch, Wyoming Game and Fish Department

Kelly Proffitt, Montana Fish, Wildlife and Parks
P.J. White, National Park Service
Eric Cole, U.S. Fish and Wildlife Service

Jon Beckmann, Renee Seidler, Wildlife Conservation Society

Matt Kauffman, Matt Hayes, Wyoming Cooperative Fish and Wildlife Research Unit

Sue Fairbanks, lowa State University

Seasonal ungulate migration is a crucial, transboundary eco-
logical process in the Greater Yellowstone Ecosystem (GYE).
Elk are the most abundant and widespread of the ecosystem’s
migratory ungulates. Each spring, thousands of elk migrate from
low-elevation winter ranges in Wyoming, Montana, and Idaho,
to high-elevation summer ranges closer to the core of Yellowstone
National Park (YNP). These migrations sustain diverse carnivores
and scavengers and attract tens of millions of dollars to gateway
communities. However, a growing array of ecological changes
makes their conservation and management ever more challenging.
Beyond the recent recovery of their primary predators - wolves
and grizzly bears - migratory elk populations are being variously
influenced by drought, invasive species, introduced disease, and
habitat fragmentation from development. Migratory subpopula-

tions within several of the herds have experienced sharp declines.

Supplemental Feeding Alters Elk Migration
Jennifer Jones, University of Wyoming, jjones2536@gmail.com
Paul C. Cross, Northern Rocky Mtn. Science Center, USGS

Yet the study and management of the migrations remains relatively
fragmentary, with studies focusing on one herd at a time and
management responsibility divided among many agencies. This
project a collaborative, multi-stakeholder effort during 2014-16 to
synthesize existing information on the GYE elk migrations. Our
goals are to 1) comprehensively describe the contemporary spatial
ecology and conservation status of the GYE’s 6-9 migratory elk
herds; 2) determine the influence of spring and summer climate
on elk migration at the ecosystem scale; 3) improve long-term
monitoring via remote cameras; and 4) broaden public awareness
of transboundary GYE migrations and their global significance.
This talk will describe the existing data including each herd’s
migration routes, seasonal ranges, and recent trends in produc-

tivity and abundance.

Matthew J. Kauffman, U.S. Geological Survey, Wyoming Cooperative Research Unit

Kevin L. Monteith, University of Wyoming
Brandon Scurlock, Wyoming Game and Fish Dept.
Shannon Albeke, University of Wyoming

Long-distance ungulate migrations are increasingly threatened
as their routes become impeded by development or influenced by
resource subsidies. The Wyoming Game and Fish Department
operates 22 elk (Cervus elaphus) winter feedgrounds that were
designed to shortstop migration, but their influence on migration
behavior is unknown. We deployed GPS collars on 159 fed and
92 unfed elk from January 2007 to February 2012. Principal
component analysis revealed that the migratory behavior of fed
and unfed elk differed in distance migrated, and the timing of
arrival to, duration on, and departure from summer range. Fed
elk migrated 19.2 km less, spent 11 more days on stopover sites,
arrived to summer range 5 days later, resided on summer range

26 fewer days, and departed in the autumn 10 days earlier than

unfed elk. Time-to-event models indicated that differences in
migratory behavior between fed and unfed elk were caused by
altered sensitivity to the environmental drivers of migration. In
spring, unfed elk migrated following green-up closely, whereas fed
elk departed the feedground but lingered on transitional range,
thereby delaying their arrival to summer range. In autumn, fed
elk were more responsive to low temperatures and precipitation
events, causing earlier departure from summer range than unfed
elk. These results suggest that feedgrounds appear to influence
year-round migration behavior and that management practices
applied in one season may have unintended behavioral conse-

quences in subsequent s€asons.
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Ungulate Use of Primary Productivity in the Greater Yellowstone: Seasonal Migration, Climate, and

Complex Management

David Christianson, University of Arizona, School of Natural Resources and the Environment, dchristianson@email.arizona.edu

Eric Cole, USFWS-National Elk Refuge

Understanding how migratory ungulates like elk and bison
move through the Greater Yellowstone Ecosystem and select
forage from the available vegetation in a highly seasonal land-
scape remains important for (1) understanding herbivore-plant
interactions, (2) understanding movement and land-sue across
diverse management boundaries (e.g., wilderness, feed-grounds,
hunting districts), and (3) understanding the effects of climate
change on herbivores. Central to these questions is understand-
ing how herbivores like elk and bison select for and harvest
green-growth from senescent vegetation in late-winter, spring,
and early summer when most GYE populations transition from
winter to summer range and when abundance in green biomass
is highly spatio-temporally variable. Here, we present data on
selection for green vegetation by elk and bison collected over
the last 10 years, from 7 elk population and 2 bison populations
in the GYE representing over 10,000 sampled animals, with
particular focus on elk and bison from the National Elk Refuge,
Wyoming. We present a novel approach that combines fecal
measures of diet quality with satellite-based metrics like NDVI
and time-lapse photo-plots to assess the timing and extent of
green-up. The relationship between availability in green veg-
etation as measured using common indices (e.g. NDVI) and
ungulate use of green vegetation is complex and not always
linear, in that (1) elk and bison can show more rapid shifts in
the greenness of their diet than occurs on the landscape (2) elk
and bison can show considerable inter-individual variation in
the greenness of their diet despite little variation in environ-
mental conditions. The implications of this translate directly
into assessments of habitat ‘quality’ for large herbivores grazing
forest lands, private lands, or protected areas. We discuss the
potential for winter feeding and climate change to interact with

the relationship between larger herbivores and plant phenology.

Figure 1. Changes in fecal chlorophyll concentration, a
metric of ‘greeness’ of an herbivores diet, through the
2012 winter-spring-summer transition in elk and bison
using the National Elk Refuge, Grand Teton National
Park, and Bridger-Teton National Forest.
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What to Do with Offspring of Conflict Bears: Genetic Insights from the Greater Yellowstone Ecosystem
Mark A. Haroldson, USGS Interagency Grizzly Bear Study Team, Northern Rocky Mountain Science Center,

mharoldson@usgs.gov

Craig Whitman, USGS Interagency Grizzly Bear Study Team, Northern Rocky Mountain Science Center

Kerry A. Gunther, Bear Management Office, Yellowstone Center for Resources, Yellowstone National Park

Daniel D. Bjornlie, Large Carnivore Section, Wyoming Game & Fish Department

Daniel J. Thompson, Large Carnivore Section, Wyoming Game & Fish Department

Frank T. Van Manen, USGS Interagency Grizzly Bear Study Team, Northern Rocky Mountain Science Center

Management of human-bear conflicts is one of the greatest
challenges for bear managers throughout the world. When
female bears with offspring are involved in human-bear con-
flicts, managers face a dilemma. Translocation of offspring with
the conflict mothers may increase the likelihood that nuisance
behaviors are passed on to the next generation as reproductive
females typically return to their established ranges with their
offspring. Alternately, when management decisions involve
removal of females, additional removal of dependent offspring
is often not supported by the public nor may it be desirable if
the conservation need is high. One option is to transport older
offspring (i.c., yearlings) to new locales separately from their
conflict mother. The rationale is that learning plays an import-
ant role in the development of individual foraging patterns and
that separating offspring would reduce exposure to undesirable
behavior. However, an important question is whether offspring
separated from conflict mothers ultimately contribute to the
population. We examined this question using data from grizzly

bears (Ursus arctos) in the Greater Yellowstone Ecosystem (GYE).

During the late 1960s— early 1970s, open garbage pits in Yel-
lowstone National Park (YNP) and surrounding communities,
where grizzly bears had fed for decades, were closed to reduce
dependence of bears on anthropogenic foods. The immediate
effect was a substantial increase in management removals and
subsequent concern about population status. Early studies
indicated an urgent need to reduce female mortalities. Thus,
maintaining female offspring in the ecosystem was important.
Researchers and managers in the GYE began separating offspring
from conflict females in the early 1980s. We used individual
life history information and genetic analysis of parentage to
examine the fate and population contributions of >40 yearlings
that were transported and released separately from their conflict
mothers. Our findings indicate that 2 such female offspring
were particularly important to the population and likely made a
substantial contribution to the southern expansion of occupied
range. We conclude that, under certain conservations scenar-
ios, separating yearling bears from mothers can be a viable and

successful management option.

Paper Abstracts, 1a 23




Session 1b: Natural Disturbances that Cross Boundaries

Climatic Controls on Mountain Pine Beetle Mediated Mortality in Whitebark Pine in the GYE

David Thoma, National Park Service, Greater Yellowstone Network, dave_thoma@nps.gov

Kathryn Irvine, U.S. Geological Survey, Northern Rocky Mountain Science Center

Henry Shovic, Shovic LLC

Erin Shanahan, National Park Service, Greater Yellowstone Network

Kristin Legg, National Park Service, Greater Yellowstone Network

Since 2004 the Greater Yellowstone Inventory and Monitor-
ing Network has been monitoring the condition of individual
whitebark pine (Pinus albicaulis) trees over time at 176 sites across
the Greater Yellowstone Ecosystem. Since 2007 a mountain
pine beetle (Dendroctonus ponderosae) epidemic swept through
the ecosystem contributing to an estimated population level of
mortality between 18% and 36% in whitebark pine trees (>1.4
m tall). Warming temperatures favor beetle population growth
as long as host trees are available, and it has been suggested that
tree mortality may be greater when host defense mechanisms

are impaired by drought. To assess drought stress at monitoring

sites, we used a water balance model to estimate soil water defi-
cit. Statistical model results suggest that soil water deficit is an
important factor that interacts with forest disease agents and
tree diameter in determining the probability of tree mortality
during the recent pine beetle outbreak. Water deficit can be
mitigated or exacerbated by slope, aspect and soil type, which
are factors used in the water balance model. This site level study
demonstrates that spatial patterns of soil water deficit interact
with forest disease agents to affect probability of tree mortality
which has implications for site specific restoration efforts in the

context of climate change.

Disturbances Across Boundaries: Forest Structure, Wildfire Severity, and Postfire Resilience Following

Recent Bark Beetle Outbreaks in Greater Yellowstone

Brian J. Harvey, University of Wisconsin, bjharvey@wisc.edu

Daniel C. Donato, Washington State Department of Natural Resources

Martin Simard, University of Laval
Jacob M. Griffin, Edgewood College
William H. Romme, Colorado State University

Monica G. Turner, University of Wisconsin

Outbreaks of native bark beetles caused extensive tree
mortality throughout Greater Yellowstone and the Northern
Rocky Mountains from 2000 to 2011, leaving questions about
the future of forests in their wake. Wildfire activity also
increased in recent decades, raising concern about whether
post-outbreak forests burn with higher severity and/or exhibit
lower postfire resilience than forests unaffected by outbreaks.
Here we synthesize research conducted across park and forest
boundaries in Greater Yellowstone and surrounding areas of
the Northern Rocky Mountains, examining changes to forest
structure, fuels, subsequent fire severity, and early postfire
tree regeneration in forests impacted by recent bark beetle
outbreaks. We studied lodgepole pine (Pinus contorta) forests

affected by mountain pine beetle (Dendroctonus ponderosae)

and Douglas-fir (Pseudotsuga menziesii) forests affected by
Douglas-fir beetle (Dendroctonus pseudotsugae).

Up to 90% of the tree basal area in forest stands was
killed by beetles in severe outbreaks, however post-outbreak
stands still contained more live than dead trees across forest
types because of survival of small diameter and non-host
trees that were not attacked by beetles. Post-outbreak tree
regeneration was abundant in lodgepole pine, but lower and
more variable in Douglas-fir forests. Most tree regeneration
primarily occurred in advance of, rather than following beetle
outbreaks. Overall, outbreaks had moderate effects on suc-
cessional trajectories of both forest types largely because of a
high number of beetle-host and non-host trees that survived

outbreaks.
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Outbreaks generally decreased canopy fuels and increased
surface fuels over time. Effects on fuels were stronger in
lodgepole pine forests and weaker in Douglas-fir forests, the
latter having a highly variable fuel structure in the absence of
outbreaks. When fires burned post-outbreak stands, prefire
outbreaks did not necessarily affect subsequent fire sever-
ity; but when present, effects differed by forest type, time
since outbreak, and weather conditions when stands burned.
Overall, fire severity was driven primarily by weather and

topography; fire severity increased under warm, dry, and

Douglas-fir forest in Yellowstone National Park,
approximately 20 years following a Douglas-fir beetle
outbreak.

Lodgepole pine tree that was killed by mountain pine
beetles, then burned ~ 2 years later in the 2008 New
Fork Lakes Fire on the Bridger Teton National Forest, WY.
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windy conditions and at higher slope positions regardless of
prefire outbreaks. In lodgepole pine forests, most measures
of fire severity were unrelated to prefire outbreaks, but some
fire severity measures increased with prefire outbreak severity
under moderate burning conditions in early outbreak stages
and under extreme burning conditions in later outbreak
stages. In contrast, fire severity was unrelated to prefire out-
breaks in Douglas-fir forests, regardless of the conditions
under which stands burned.

Postfire tree regeneration was unrelated to prefire outbreaks
for serotinous lodgepole pine forests, which can maintain
an aerial seedbank on both live and dead trees. In contrast,
postfire tree regeneration was reduced in beetle-killed and
burned Douglas-fir stands where many of the trees were dead
prior to fire, presumably because there is no persistent seed
source on beetle-killed Douglas-fir trees.

Collectively, these studies illustrate the importance of
beetle outbreaks and wildfire in structuring forests across
Greater Yellowstone, and highlight differences among forest
types in their response to severe beetle outbreaks and wildfire.
Although beetle outbreaks and wildfire individually can have
strong effects on short- and long-term forest trajectories,
they are not necessarily linked disturbances that produce
compound effects. Instead, interactions between these two
natural disturbances varied by context, and in many cases

forests may be resilient to their singular and combined effects.

Douglas-fir tree that was killed by Douglas-fir beetles,
then was burned ~ 6 years later in the 2008 Gunbarrel
Fire on the Shoshone National Forest, WY.
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Mountain Pine Beetle in GYE Whitebark Pine: The Fire That Doesn’t Go Out
Jesse A. Logan, USDA Forest Service (retired), logan.jesse@gmail.com

William W. Macfarlane, Utah State University
Emily J. Francis, Clean Air/Cool Planet
Maxim S. Grigri, Clean Air/Cool Planet

The Greater Yellow Ecosystem (GYE) is ecologically and topo-
graphically complex, with 22 major mountain ranges exhibiting a
wide variety of soil parent material and climatic features that results
in a complex of forest types. However, everywhere across this diverse
region above approximately 8,500 ft whitebark pine becomes an
important forest component, and above 9,000 ft climax whitebark

forests dominate. Consequently, whitebark forests unify the entire

GYE. Whitebark is both a foundation and a keystone species pro-
viding incalculable ecosystem services ranging from high quality
food for wildlife to protecting winter snowpack. Unfortunately,
all across the GYE, whitebark forests have recently experienced
catastrophic mortality from mountain pine beetle (MPB) out-

breaks (Fig. 1).

Figure 1. GYE-wide whitebark pine distribution catchment-level mortality map. Mortality ratings are grouped into
mortality levels; trace (green), low (yellow), moderate (orange), severe (red), and severe post-outbreak (gray).
Catchments with severe and severe post-outbreak mortality dominate the map, with Yellowstone National Park among

the hardest hit areas.
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Figure 2. Aerial photograph taken May, 2013 near
Marion Lake, Northern Wind River Mountains, WY. A
classic outbreak population in an area previously thought
to be climatically resistant to MPB outbreaks. Current
outbreaks are ongoing in several areas, including the
Gros Ventre, Salt River, and Wyoming mountain ranges.

The classic model for MPB outbreaks involved three require-
ments; abundant suitable food, favorable weather, and enough
simultaneously attacking beetle to overcome host defenses. The
combination of these components in the historical lodgepole pine
host resulted in episodic outbreaks, and co-evolution between
beetles and trees that led to effective host defensive chemistry. In
contrast to lower-elevation pines, whitebark has primarily adopted
an evolutionary strategy of avoidance; occupying habitats that are
climatically inhospitable for most other conifers and insect pests like
MPB. This survival strategy of escape to harsh environments has
resulted in a tree superbly adapted to survival in their high-eleva-
tion habitat, but poorly protected from MPB attack. A reasonable
hypothesis is that all available energy during the brief growing
season is devoted to maintenance and growth, with little reserves
available for chemical defenses. In fact, not only is whitebark pootly
defended, its resin chemistry is inverted; high in compounds bee-
tles use in their pheromone communication system, but low in
protective chemicals that are toxic to beetles.

The historic (pre global warming) regime of MPB in GYE
whitebark forests consisted of extremely low endemic populations
(essentially no standing red trees), punctuated by occasional, short-
lived outbreaks of limited scale. However, beginning in the early
2000s, a rapidly warming climate combined with the reduced
chemical defenses of whitebark resulted in a regime shift to unprec-
edented MPB outbreaks with mortality often exceeding 95%.
These well-documented outbreaks were largely assumed to have
ended with record-breaking cold temperatures in October 2009.
Nevertheless, since then researchers and outdoor enthusiasts have
continued to observe substantial whitebark mortality across the

GYE. The resurgence of MPB populations has been expressed as
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Figure 3. Of trees sampled that showed mountain pine
beetle mortality nearly half exhibited signs of current
mortality (yellowing and red needles) indicating that
death occurred since October 2009 (<30 months); while
the remainder showed signs of mortality (loss of needles,
loss of bark, and weathering of galleries) associated with
the unprecedented outbreaks of the early 2000's (>30
months).

both classic outbreaks in areas with a climate favorable to MPB and
enough susceptible forest to support outbreak populations (Fig. 2).
Additionally, a more subtle, and perhaps insidious, sub-outbreak
mortality in areas previously thought resilient to MPB attack.

In an effort to examine the causes and extent of this sub-outbreak
mortality, we surveyed mature and understory whitebark in 113
random plots (0.04 ha in size) in the Beartooth Plateau and the
adjacent West Beartooth Mountain Range, among the healthiest
remaining whitebark in the entire ecosystem. Fifty-two percent
of these plots showed MPB-caused mortality. Of trees killed by
MPB, nearly half resulted from recent (within the last 30 months)
sub-outbreak level MPB activity (yellowing and red trees) and the
remaining mortality was associated with the outbreaks of the early
2000s (greater than 30 months ago, gray trees) (Fig. 3). These
findings indicate that another regime shift has occurred in places
that were, until recently, more resilient to MPB outbreaks. A regime
in which low, but significant MPB populations and whitebark
mortality continues year after year, the fire that doesn't go out. Our
findings show the importance of gauging the impacts of this new
disturbance regime —sub-outbreak level mortality—and establishes
the need to further monitor whitebark forests across the GYE.

So long as climate continues to warm, a regime shift to irruptive
outbreaks may occur if enough trees survive to support an outbreak
population, but even without the classic MPB irruptive population,
the long-term expression of chronic mortality will lead to the same
end result. It is likely that the cumulative impact of the outbreaks
of the early 2000s, chronic sub-outbreak mortality since 2009 and
widespread white pine blister rust could lead to the functional loss

of whitebark as a foundation and keystone species in this ecosystem.
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Climate Change, Mountain Pine Beetles, and Whitebark Pine Forests of the Greater Yellowstone Area

Polly C. Buotte, Environmental Science Program, University of Idaho, pbuotte@uidaho.edu

Jeffrey A. Hicke, Department of Geography, University of Idaho

Haiganoush K. Preisler, USDA Forest Service, Pacific Southwest Research Station

Kenneth P. Raffa, Department of Entomology, University of Wisconsin

Whitebark pine (Pinus albicaulis) is an important, high-ele-
vation tree species in the Greater Yellowstone area (GYA) that
provides critical habitat for wildlife and supplies valued ecosystem
services. These trees currently face multiple threats, including
attack by mountain pine beetles. They consequently have been
listed as warranted for protection under the Endangered Species
Act, but precluded due to funding constraints. Historically,
mountain pine beetle outbreaks were rare in whitebark pine
forests. However, a widespread outbreak recently occurred in
the GYA, across Park and National Forest boundaries.

Our goals were to increase the understanding of the beetle-cli-
mate relationships in whitebark pine, to determine the causes of
the recent outbreak, and to estimate future weather suitability
for whitebark pine mortality from mountain pine beetles. To
accomplish this, we developed a generalized additive model of
the probability of tree mortality from mountain pine beetles,
and then applied the model to historical and future climate
projections and calculated a weather suitability index as the sum
of the weather terms in the model. We used observations from
USDA Forest Service aerial detection surveys to determine the
presence of whitebark pine mortality from mountain pine bee-
tles. Our explanatory variables represented processes affecting
mountain pine beetle development, host tree susceptibility, the
number of attacking beetles, and stand structure. We applied the
model to historical PRISM data at 800 meter resolution for the
period 1900 — 2009 (htep://www.prism.oregonstate.edu/), and
ten general circulation models forced with three emissions sce-
narios for the period 2010 — 2099, downscaled to 30 arc-second
resolution (https://portal.nces.nasa.gov/portal_home/published/
NEX.html).

In the GYA, area with whitebark pine mortality from moun-
tain pine beetles increased from below-observable levels in the
late 1980s to a peak of just over 3,500 km2 in 2008, followed
by a slight decline in 2009 (Fig. 1). Our cross-validated model
of tree mortality probability predicted the observed annual pat-

terns of mortality well (Fig. 1), indicating confidence in our

interpretations and predictions from the model. The prob-
ability of whitebark pine mortality increased with increasing
winter minimum temperature, allowing for greater beetle winter
survival; with increasing average fall temperature, allowing for
greater beetle survival and a synchronous beetle emergence the
following summer; and increasing tree drought stress, reducing
tree defenses. During the recent outbreak weather conditions
remained suitable for a longer period of time than had occurred
since 1900. The primary cause of this change was a lack of
unsuitable (i.e. cold) winter minimum temperatures (Fig. 2).
Future winter minimum and average fall temperatures are
projected to increase, but future precipitation is variable. Future
weather suitability for tree mortality from mountain pine beetles
shows an increasing trend into the future and is higher under
higher emissions scenarios and later in the century (Fig. 3).
However, the recent outbreak has altered the forest structure,
reducing the number of suitable host trees, which will influ-
ence the future potential for tree mortality. The occurrence
of extremely cold winters has prevented outbreaks in the past,
however the probability of unsuitably cold winters declines in
the future, particularly under the higher emissions scenarios.
The persistence of whitebark pine on the landscape is likely
to be determined, in large part, by the intersection of the time
to cone-bearing age of remaining and new whitebark pines and
the time between cold winters that cause high beetle winter
mortality. There are collaborative efforts underway to grow
and plant blister rust resistant whitebark pine seedlings. We
suggest that these planting efforts should focus on high-clevation
areas, or places that experience intense cold-air drainage, to
maximize the potential for periodic cold winters that will cause
beetle mortality and limit outbreak potential. The probability
of beetle-killing cold winters is highest under RCP 2.6, the
lowest emissions scenario. Therefore, reducing global carbon
emissions would increase the chances of whitebark pine per-

sistence into the future.
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Figure 1. Model evaluation, showing observed (black line) and predicted (red line) area with mortality by year, dashed
red lines are 95% Cl calculated from cross-validation by year (RMSE=339 km2, R2=0.87).

Figure 2. Historical weather suitability for whitebark pine mortality from mountain pine beetles averaged over the
Greater Yellowstone area for each year for the variables winter minimum temperature, representing beetle winter
survival; fall temperature, representing beetle survival and occurrence of a synchronous mass emergence of adults;
and cumulative two-year summer precipitation, representing tree drought stress. Positive suitability indicates an
increase in the probability of tree mortality and negative suitability indicates a decline in the probability of tree
mortality.
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Figure 3. The range (gray shading) and average (gray solid line) weather suitability for whitebark pine mortality from
mountain pine beetles from ten GCMs and PRISM monthly data (black line) averaged over the Greater Yellowstone
area for each year for a) RCP 2.6, a low emission scenario b) RCP 4.5, a moderate emissions scenario, and ¢) RCP 8.5, a
high emissions scenario.
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Understanding Fire Refugia and their Importance to Conservation in the Rocky Mountains of the U.S. and

Canada

Geneva Chong, U.S. Geological Survey, geneva_chong@usgs.gov

Sandra Haire, Haire Laboratory for Landscape Ecology

Ellen Whitman, Simon Fraser University

Global climate change and its interactions with other pro-
cesses such as fire know no boundaries; thus, trans-boundary
approaches are required to conserve biodiversity. A potential
adaptation strategy will be the identification and protection
of natural refugia that buffer biodiversity from the rate and

magnitude of regional change. Importantly, on contemporary

landscapes, fire itself can be a primary agent in the formation
of refugia. Our work brings together partners from the U.S.
and Canada to identify potential fire refugia across forested
ecosystems in the Great Northern Landscape Conservation
Cooperative (GNLCC) area, which includes the Greater Yel-
lowstone Ecosystem (GYE; Figure 1). We want to understand

Figure 1. The Great Northern Landscape Conservation Cooperative (GNLCC) study area with the Greater Yellowstone
Area (GYA; circled) and fires sampled for this project (red) indicated.
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refugia formation, ecology, and importance to conservation
at multiple spatial and temporal scales (Figure 2), with the
goal of facilitating the inclusion of fire refugia as critical
anchors and stepping stones for biodiversity conservation in
management applications such as Landscape Conservation
Design (LCD).

Here, we present models of fire refugia for burned-area
study sites within the GYE, based on remotely-sensed burn
severity data (Figure 3) and key predictors, and examine
their characteristics in terms of local and broad-scale envi-
ronments. In addition, we propose a framework for explicit
consideration of refugia, given management practices which
may inadvertently change the landscape structure of refugia.

In developing the framework, we consider both immediate

benefits to biodiversity conservation, and the potential to
provide an effective and cautious mitigation strategy across
environmental, management, and political boundaries in the
context of rapid global change.

Fire and fire refugia are “cross boundary” issues for the
GYE because fires and the formation and ecological functions
of fire refugia cross spatial and temporal boundaries: political,
management and ecological.

Fire refugia formation and distribution in space and time
should be used to inform conservation management in a
multi-jurisdictional ecosystem because we actively manage
fire, which can be the primary agent in refugia formation,
and fire refugia serve as critical anchors and stepping stones

for biodiversity conservation.

Figure 2. The three objectives of the fire refugia project framework are to: (1) identify fire refugia and their
characteristics to model their locations; (2) quantify the ecological function of fire refugia; and (3) model how fire
refugia locations would be expected to change under different future scenarios such as those related to climate
change or management practices. This framework could be used to, for example, develop fire management plans
that account for fire refugia locations over space and time and guide Landscape Conservation Design to improve

resiliency to change.
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Figure 3. a) Example differenced (delta) Normalized
Burn Ratio (dNBR) plot indicating areas that did not
burn or burned with less severity than the surrounding
forest (the Clover Fire, 11 July 1988, Yellowstone
National Park).

We are developing the framework to: (1) identify fire refu-
gia and their characteristics to model their locations; (2)
quantify the ecological function of fire refugia; and (3) model
how fire refugia locations would be expected to change under

different future scenarios such as those related to climate
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Figure 3. b) Bunsen Peak, Yellowstone, after the 1988
fires shows patches of surviving trees (green) within a
matrix of varying burn severities. dNBR represents the
variation in burn severity on the landscape just as the
photo does.

change or management practices. This framework could be
used to, for example, develop fire management plans that
account for fire refugia locations over space and time and
guide Landscape Conservation Design to improve resiliency

to change.
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Session 2a: New Partnerships Bridging Jurisdictional Boundaries

Breaking Down Barriers: Collaboration Across Boundaries to Remove Dams in Grand Teton NP

Sue Consolo-Murphy, National Park Service, Grand Teton National Park, sue_consolo-murphy@nps.gov

By establishing partnerships across jurisdictional boundaries,
in the past five years, the NPS at Grand Teton NP has removed
two diversion dams that impeded native fish passage and natural
stream flow. One of the dams was located on the park bound-
ary with the National Elk Refuge; another was a park owned
and managed asset located on Bridger-Teton National Forest
Lands. Project planning and execution required fostering new
partnerships with federal, state, and local government agen-
cies as well as NGOs and, in one case, businesses and private
landowners with water rights. It also required breaking down
‘barriers’ of tradition, internal divisions and disciplines, and
beliefs or expectations of what’s possible. The removal of the
physical barriers may, as in these projects, require more cost in
dollars, but removal of the cultural and administrative barriers

for us required more investment in time and managerial ‘risk.’
q g

Those barriers included internal conflicts over park priorities
and workload, bureaucratic procedures related to environmen-
tal and other compliance, ignorance of water rights law and
responsibility, and skepticism over what’s doable. We found
that with broad-based support for the ultimate resource-based
and asset-management goals, breaking down both cultural and
physical barriers was easier than expected and well worth the
effort expended to work with partners. Pre-and post-project
research and monitoring also helps inform the analysis of local
ecology and likelihood of success, although partners may be less
invested in long-term monitoring than the responsible agencies.
Lessons learned from this project may inform other potential
projects that require multi-jurisdictional coordination and par-

ticipation to achieve a conservation objective.

The Murie Legacy in 21st Century Conservation: Crossing Partnership Boundaries to Break the Gridlock

Paul W. Hansen, The Murie Center, paul@muriecenter.org

Olaus and Margaret Murie, and Adoph and Louise Murie,
were all talented scientists, artists, writers and active conserva-
tionists. They had high aspirations for conservation, but were
always kind and civil in their advocacy. They understood that
that engagement with a broad spectrum on interest and com-
promise are essential to success.

The passage of The Wilderness Act on September 3, 1964 is
regarded as one of the Muries’ crowning achievements. It is also
a great example of what is missing from 21st century conserva-
tion. As we mark the 50th anniversary of passage of this Act, it
provides a direct example of the effectiveness of compromise.
At the time of its passage, there were over 570 million acres in
the federal public land estate. Wilderness Act protection was
afforded to only about 9 milion acres, 1.5 per cent of the public
lands, that qualified. Still, the Muries and others accepted this
compromise, and an inclusive and deliberate process to evaluate
and add land to the Wilderness system. Since passage of the Act,
100 million acres has been added to the system. Every President
has signed legislation adding to the Wilderness preservation

system, the most acres by President Ronald Reagan.

In the 1970s, when people worked together, we passed an
extensive array of environmental legislation that established a
legal framework for the environment. Since 1990, reauthoriza-
tion of all these basic environmental statutes, and many others,
were casualties of gridlock.

The Murie legacy for success in environmental conservation
is one of high aspirations for protection of nature, advocated by
kindness. Mardy Murie loved to quote her late husband Olaus:
“its going to take all of us to do it.” The Muries stood for civility,
inclusive engagement, transparency and strategic compromise.

Their son Donald writes: “My dad and mom won the respect
of both allies and opponents by their calm, non-confrontational
and reasoned approach. They never accused, never shouted,
never insulted.” Or, as the late Patty Layser wrote, Mardy “knows
how to defuse radical exuberance without derailing youthful
enthusiasm.”

For American conservation to succeed in the 21st, we need
to take a lesson from the success of the past. Without civility,
tolerance, reason, and a respect for science and each other, con-

servation efforts cannot succeed.
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The Greater Yellowstone Area Mountain Ungulate Project
Robert Garrott, Fish and Wildlife Ecology and Management Program, Ecology Department, Montana State University,

rgarrott@montana.edu

P.J. White, National Park Service, Yellowstone Center for Resources, Yellowstone National Park

Doug McWhirter, Wyoming Game and Fish Department
Andy Pils, U.S. Forest Service, Shoshone National Forest
Shawn Stewart, Montana Fish Wildlife and Parks

Hollie Miyasaki, Idaho Department of Fish and Game

The Greater Yellowstone Area (GYA) comprise one of the core
ranges for bighorn sheep in North America with 28 recognized
herd units distributed within nearly every mountain range in
the region. Conservation efforts have restored bighorn after the
era of exploitation, however many areas of the GYA, including
both National Parks, support only small patchily distributed
bighorn populations. While mountain goats were not present
in the GYA at the time of European settlement, there has been
a progressive increase in the abundance and distribution of

non-native mountain goats since they were introduced into

mountain ranges in Montana and Idaho during the mid-20th
century. Despite their iconic status among the public and nat-
ural resource agencies, these mountain ungulates have received
comparatively little scientific attention and all natural resource
agencies within the GYA have an interest in improving ecological
understanding of both species.

Over the past 5 years a broad coalition of agencies and orga-
nizations has combined their expertise and resources to support
the GYA Mountain Ungulate Project. The initial years of the

project were devoted to building strong lines of communication

Figure 1. Conceptual model for integrating different types of distribution data to develop habitat models for bighorn

sheep and mountain goats in the greater Yellowstone area.
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and cooperation among academics, state and federal government
natural resource professionals, conservation organizations, and
philanthropic corporations. Considerable effort was expended to
develop trust among the various collaborators which facilitated
the sharing and coalescing of nearly all spatial and demographic
data that has been collected on bighorn sheep and mountain
goats in the GYA. Standardized databases were developed and
used to describe changes in distribution, abundance, and popu-
lation attributes. Areas of sympatry and allopatry were identified
and herd-specific studies of population trend were completed.
Analyses of annual recruitment data for bighorn sheep herds
revealed that variation in seasonal precipitation and air tempera-
ture had significant impacts on the demographic performance of
herds, but the influence of climate differed substantially among
herds distributed across the GYA. A synthesis of the literature
on possible interactions between bighorn sheep and mountain
goats revealed that there is potential for both interference and
exploitive competition and that both species can host many of
the same parasites and pathogens.

While mountain goats are not native to the GYA they are
naturally sympatric with bighorn sheep in other portions of
the northern Rockies suggesting evolutionary processes should
have resulted in ecological niche partitioning to allow both
species to persist. Habitat models developed in other areas of
the species’ range, based on presence-only data, are poor pre-
dictors of current distributions of mountain ungulates in the
GYA and lack the spatial precision to evaluate the potential of
niche partitioning. As a consequence we have developed and
implemented rigorous occupancy survey methodologies in two
study areas where both species occur (Fig. 1). Surveys over three
field seasons captured spatially-precise locations of bighorn
sheep and mountain goat groups that account for imperfect
detection. These data have allowed the development of unique
fine-scale summer habitat-selection models that support the
niche partitioning hypothesis. The models also allow us to pre-
dict the range expansion of mountain goats into the eastern
and southern GYA where robust populations of bighorn sheep
currently reside and colonizing mountain goats have recently
been documented.

Our strong partnerships have allowed us to capture, sample,
and instrument bighorn sheep and mountain goats throughout
the GYA in order to better understand seasonal movements,
habitat use, migration patterns and corridors, and patterns of
mortality and survival (Fig. 2). In addition, biological sam-
pling of captured animals is providing insight into variation
in pregnancy and body condition among herds occupying

diverse ecological settings, as well as presence and prevalence

of important pathogens that are known to cause epizootics.
To date, approximately 250 animals have been captured and
sampled and 115 animals have been radio collared (Fig. 2). The
GPS collars from the first groups of animals instrumented are
beginning to be released from the animals for recovery and data
retrieval. These initial data are revealing striking and divergent
movement patterns among animals and herds, seasonal ranges,
and migratory corridors. While numerous species of respiratory
pathogens have been detected in nearly all populations of both
mountain goats and bighorns that have been sampled, expres-
sion of the pathogens as disease events has been infrequent,
challenging the contemporary paradigms of respiratory disease

in these species.

Figure 2. The distribution of study areas (yellow circles)
within the greater Yellowstone area where bighorn
sheep and mountain goats have been radio-collared.
Red and blue circles describe the distribution of
mountain goats and bighorn sheep, respectively.
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Road Trip Mongolia: Building Capacity for Managing Protected Areas

Cliff Montagne, Montana State University, montagne@montana.edu

Badamgarav Dovchin, Montana State University
David Thoma, NPS Greater Yellowstone Network
Kristin Legg, NPS Greater Yellowstone Network
Rebecca Watters, Mongolia Wolverine Project

Lance Craighead, Craighead Institute

Three recently established National Parks and Strictly Protected
Areas in northern Mongolia's Darhad Valley include landscapes that
are climatically and biologically similar to the Greater Yellowstone
Ecosystem (GYE). Located west of Lake Huvsgul National Park,
the Darhad Valley is home to the Darkhad ethnic group and the
Tuvan reindeer herders. Surrounded by mountains reaching up
to 3000m, and located around 51 Degrees N, the valley experi-
ences severely cold winters and short summers. The valley has four
governmental administrative units (soums) similar to counties in
the United States, each with a small urban center. Most families
practice nomadic herding of sheep, goats, cattle, yaks and horses,
and migrate across a network of seasonal camps. Along with a large
population of domestic animals, there are small populations of argali
sheep, ibex, moose, elk, musk deer, wolverine, wolf, and bear, as
well as the endangered taimen and other native fish. Extensive
wetlands and grasslands host a suite of migratory birds. Valley and
mountain slopes support a Siberian larch forest with spruce taiga
at higher elevations. The Tuvan reindeer herders occupy mountain
landscapes, while the Darkhad people comprise the majority pop-
ulation in three of the four soums.

When Yellowstone National Park was established, geographic and
then political boundaries made human communication and inter-
action difficult. Native American populations were often displaced
by white settlers engaged in resource extraction through mining,
forest harvest, grazing, and animal and fish harvest. While natural
resource harvest was largely prohibited within the Park, the greater
area was extensively impacted and fragmented. Political boundaries
made it difficult for managers and government officials to collabo-
rate and work towards a common vision. The Greater Yellowstone
Coordinating Committee, The Greater Yellowstone Network (for
scientific monitoring), the Yellowstone Business Partnership, and
the Greater Yellowstone Coalition are examples of area-wide orga-
nizations created to overcome boundary fragmentation and move
towards whole area stewardship based on a balance of environ-
mental, social, and economic factors. These efforts are aided by
communication and information transfer technologies. Scientific
information about the environmental, social, and economic status
of protected and surrounding area resources provides a strong base

for informed decision making and management.

The three Darhad Valley protected areas are managed with a
small but dedicated and enthusiastic staff, mostly from surrounding
communities, that perform backcounty patrols and are developing
long range management plans that will influence visitor, commu-
nity, and herder relations. To aid this planning effort BioRegions
International hosted an information exchange workshop with the
Darhad Strictly Protected area staff and U.S. National Park Service
and non-governmental organization professionals to identify a
future vision, management objectives, and resource needs to help
Mongolian protected areas achieve their goals. The plans take a
proactive and holistic approach to address threats including grazing,
logging, mining, and poaching through community education
and interaction with visitors and herders about the value of native
species and a functioning environment. During the workshop
Mongolian park managers identified immediate, near-term and
long-term needs, some of which will benefit from interaction
with U.S. colleagues. The Darhad Valley protected areas and
surrounding communities find themselves in situations similar
to the protected areas and surrounding communities of the GYE
one hundred years ago. The Darhad protected areas have been
established, but many boundaries, whether physical or mental,
remain as barriers to progress. Environmental bartiers include a
mindset for littering and poaching as well as challenges of climate
and topography for transportation and living. Social barriers include
lack of knowledge about how ecologically and culturally friendly
tourism works and toleration of overgrazing, economic barriers
include lack of capital and entrepreneurship skills, and infrastructure
barriers abound. There is little awareness or capacity to document
through valid measures or understand current environmental, social,
economic and infrastructure conditions which can be barriers or
solutions for progress towards a holistic future vision for these
protected areas and their surroundings.

Gaining a better understanding of the challenges ahead for these
protected areas stimulated introspective questions for U.S. partici-
pants such as, “What information or resources do we wish we had
100 years ago when protected areas in the GYE were established?”
and “What would we do differently given what we know now?”.
Ideas generated from questions like these will be valuable as Mon-

golian park managers prepare for the future.
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Linking Basic and Applied Research, Multi-Resource Management, Public Education, and Enforcement:
Post-Fire Archeology on the Shoshone National Forest, Wyoming.

Lawrence Todd, Park County Historic Preservation Commission, lctodd@lamar.colostate.edu

Kyle Wright, Shoshone National Forest
Paul Burnett, SWCA

Kent Houston, Shoshone National Forest
Marcy Reiser, University of Arizona

Laura Scheiber, Indiana University

Especially in remote, Wilderness settings, fires produce a
complex array of both direct and indirect impacts to heritage
resources that creates a cascade of complex research and man-
agement issues and opportunities. Over the last decade we have
been working to align goals of academic research programs
and historic preservation initiatives with Forest management
needs on the Shoshone National Forest (SNF) in northwestern
Wyoming. Through collaboration in data sharing, bundling of
funding, active in-field engagement, and large-scale regional
resource modeling projects, we have been working to bridge the
gaps between the potentials and lessons from regionally focused
basic archaeological research with the applied management needs

of both the SNF and larger-scale programs such as Burned Area

Emergency Response (BAER). The challenges of researching and
managing archaeological resources after large wildland fires has
become increasingly clear on the SNE. Not only do fires destroy
some unique perishable resources, they also expose large-scale,
complex prehistoric archaeological landscapes. These rich pre-
historic sites have unprecedented research opportunities, but
also serve as attractants vulnerable to artifact thieves and site
looters. Examples drawn from post-fire archaeological inventory
and management collaboration are used to highlight some of
the prospects and pitfalls working toward an integrated view of
the social, biological, and physical processes shaping the Greater

Yellowstone Ecosystem.

2014: A Remarkable Year of Research and Monitoring on the World’s Favorite Volcano

Peter Cervelli, U.S. Geological Survey, peervelli@usgs.gov

The last eruption of Yellowstone volcano occurred about
70,000 years ago. Although not a “super-eruption”, this event
did create the Pitchstone Plateau — all 17 cubic miles of it. Since
then Yellowstone has been comparatively quiet, but still far
from silent. Yellowstone is a restless caldera having thousands
of earthquakes in a typical year, along with common episodes of
widespread ground uplift or subsidence. Over the last several
decades, earth scientists have studied these phenomena carefully,
identifying recurring patterns of activity and establishing base-
line levels of unrest. This analysis leads to models of Yellowstone’s
magmatic system that help us better understand how the system
works and to better predict its future behavior. Over the last

year we have seen an unprecedented sequence of geological

events that began with the sudden onset of rapid uplift (15
cm/yr) near Norris Geyser Basin in late 2013. Simultaneously,
seismic activity in the same area increased markedly, culminating
in late March 2014 with the largest earthquake in Yellowstone
(M4.8) since 1980. Following this earthquake, the Norris area
abruptly switched from uplift to subsidence, reaching downward
rates of more than 20 cm/yr by mid-April. Throughout this
sequence, we also witnessed an apparent interplay between the
events at Norris and patterns of deformation and seismicity in
Yellowstone Caldera. Taken together, these recent observations
present a challenge to existing models, but they also create an
opportunity to refine our understanding and extend the frontiers

of our knowledge.
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Session 2b: Emerging Technologies to Understand Transboundary Science Issues

Fostering Interdisciplinary Science Through Data Curation: Geobiology at Yellowstone National Park as

Exemplar

Bruce W. Fouke, University of Illinois at Urbana-Champaign, fouke@illinois.edu

Carole L. Palmer, University of Illinois
Andrea K. Thomer, University of Illinois
Timothy DiLauro, Johns Hopkins University
Sean Gordon, University of Illinois

Christie Hendrix, Yellowstone National Park

Hundreds of scientists conduct geobiological research on
Yellowstone National Park (YNP) hot springs each year, yet
it is relatively uncommon for them to share data from these
unique geothermal systems, except through formal publication
of results in printed and online journals. As a result, digital
data are sequestered in research labs, virtually inaccessible to
the greater community. This hampers progress and partici-
pation on “big picture” and “big data” science questions and
makes it challenging to comprehensively evaluate resource
management issues in YNT.

Prior studies of scientific data use have shown that data
curation best practices (standardized ways of collecting, for-
matting, and preserving data) are instrumental in supporting
collaborative systems science. For geobiology, new approaches
are needed that accommodate diverse physical, chemical,
geological, and biological data, and actively support inter-
disciplinary inquiry. Our team—information scientists and
geobiologists from the University of Illinois Urbana-Cham-
paign, data archiving experts from Johns Hopkins University,
and YNP personnel—is collaboratively developing a site-based
data curation framework that has implications for data col-
lected at scientifically significant sites within YNP and beyond.

Research activities to date include a stakeholders’ workshop
held in Spring 2013 (Palmer et al., 2013); follow-up interviews
with geobiologists and YNP resource managers; and in-depth
work curating real geobiological data for reuse. These activities
have guided development of a prototype data portal’, and a
framework of key data collection and curation requirements,
which include: (a) accounting for essential site-specific factors
that “link” data products to their original spatial-temporal
context; (b) addressing data organization practices and relating
digital objects with one another; and (c) making research more

visible to scientists and resource managers.

Linking sites and samples

Concise and meaningful contextual information is vital for
use and reuse of all geobiological samples. Yet the collection
of this contextual information cannot be so onerous as to pre-
vent researchers from collecting and compiling necessary data.
For instance, while GPS coordinates for each field sample are
easily collected, they are often not sufficient when sampling
scales are smaller than the spatial resolution of GPS tracking
systems. Additional contextualizing data points and descriptors
are needed, such as the distance and bearing of a sampling
location from a hot spring vent, and the facies or context from
which a sample was collected. For many geobiological studies,
this is what allows the analyses to be both reproducible and

predictive in nature.

Linking sites and data products

There is a clear need for “bookkeeping” schemes that track
and connect field and laboratory data. Stable sample identifiers
must be established and used consistently in the field, in the
laboratory, and published in both journal articles and web-
site repositories. For instance: repositories like Genbank do
not publish important contextualizing information about an
organism’s ecological context. Any geobiological data repository
must support query that links a Genbank accession number to
a corresponding, originating field sample. Consistent use and
publication of sample identifiers is the only way to support this

later linkage between laboratory and field data.

Linking research and resource management

Both geobiology researchers and YNP resource managers
seek more transparency regarding overall research activity in
the park, and a broader understanding of research conducted in
YNP. Site-based data repositories — or site-based functionality in

existing repositories like IRMA — could act as a data awareness
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system, allowing researchers and resource managers to be more

conscious of others’ work in the park.

Conclusions

Greater awareness of other research projects is the first step
toward integrating research to answer “big picture” science ques-
tions, and may ease the process of data standardization. The
Site-Based Data Curation framework will foster such integration
by guiding development of data management plans, providing
researchers with simple ways of sharing data, and supporting

YNP staff in data management and coordination efforts.
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"The prototype is explained in further detail in our poster,
“Aggregating and integrating geobiological data from Yellow-
stone National Park: A prototype data portal.”

Climate Mediated Disease Costs: Using Thermal Imagery to Estimate Calorie Costs of Mange Infections in

Wolves

Paul Cross, U.S. Geological Survey, pcross@usgs.gov
Olivier Putzeys, Montana State University

Emily Almberg, Pennsylvania State University

Paul Nugent, NWB Sensors

Doug Smith, Yellowstone National Park

Climate and disease impacts are two major threats to wildlife
in the Rocky Mountain region, but few studies have addressed
the interaction of climate and disease in wildlife systems. In this
study we used infrared thermography to measure wolf surface
temperatures in captive and wild wolves across a range of ambi-
ent conditions. We then calculated sensible heat losses, and thus
the calories, associated with maintaining body temperatures in
different regions. Sarcoptic mange was first observed in gray wolf
(Canis lupus) packs of Yellowstone National Park in 2007. By
2009, half of the packs were infected, some of which had severe

hair loss and increased mortality rates. We estimate that healthy

wolves lose roughly 1000 dietary calories per night in winter,
even without accounting for the convective effects of wind. Our
results suggest that moderate to severe mange infections are likely
to roughly double those energy costs. We discuss some extrapo-
lation of our results to warmer and colder climatic conditions.
Analyses of wolves with GPS collars do not suggest that light
to moderate infections alter daily movement distances. Wolves
that survive severe mange infections must therefore satisfy their
increased energy demands by increasing caloric intake, altering

behavior, or drawing upon stored energy reserves.
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Using Citizen Science to Cross Educational and Research Boundaries in the Quest to Better Understand

Disease Dynamics in the GYE

Emily Almberg, Pennsylvania State University, Department of Biology, esa5046@psu.edu

Cheyenne Burnett, Wyoming Game and Fish Department
Paul Cross, U.S. Geological Survey

Peter Hudson, Pennsylvania State University

In the spring of 2013, Penn State University, the U.S. Geo-
logical Survey, and the Yellowstone Wolf Project collaborated to
initiate the website, “Yellowstone Wolf: Project Citizen Science”
in an effort to expand educational outreach, to directly involve
the public in our research efforts, and to push the boundaries
on the scientific questions that we're capable of asking. The
website acts as a central hub to collect visitor photographs of
Yellowstone’s wolves, which we in turn use to track monthly
pack membership, individual life histories, and infection status
with sarcoptic mange. In exchange, we showcase these long-term
photographic histories of individuals and packs and provide
accompanying information on pack compositions, territory
ranges, and the Wolf Project’s most recent research to the public.
As we strive to understand disease dynamics and implications
for management, we are embracing the public’s contributions
towards those efforts. We feel strongly that this type of exchange,
which crosses the traditional boundary between managers/
researchers and the public, is key for maintaining vibrancy,
transparency, and community investment in regional research

and conservation efforts.

Figure 1. A photograph of the Canyon Pack’s mangy
pup (2013) submitted to Yellowstone Wolf: Project
Citizen Science by Warren Bergholz, and used by
research staff to track the dynamics and progression of
sarcoptic mange in Yellowstone.
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Here, we discuss the associated opportunities and challenges,
both in terms of educational outreach and citizen science, for
future research and conservation efforts in the Greater Yellow-
stone Ecosystem (GYE). To date, we have had nearly 1000
photographic contributions from over 50 photographers, and
the website has been visited by nearly 5000 unique users from
76 different countries. These numbers expand daily, although
the ongoing challenge remains to get people involved. Citizen
science efforts are by no means new in the GYE, but much
more is possible given the high-profile nature of our regional
resources and the sheer number of people out and about on our
landscape. We discuss additional efforts currently underway.

Photographic contributions via our citizen science website
have enabled us to pursue scientific questions that require data of
very high temporal resolution. Monthly observations of wolves
throughout Yellowstone, facilitated in part by the website, have
allowed us to track the progression of sarcoptic mange, estimate
it’s impacts on survival, and to uncover the benefits of social
living in terms of coping with infectious disease. Our research
suggests that mangy individuals do generally suffer reduced
survival rates, but that this cost of infection can be removed if

that individual belongs to a pack with lots of healthy packmates.

Figure 2. Prevalence of mange within the population
(left) and within infected packs (right) over time. Gray
and black dots represent monthly estimates of the
prevalence of any mange infection (class 1-3) and more
severe infections (class 2-3), respectively. Lines represent
lowess fits to the data.
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Lessons from Ecological Forecasting in the GYE: Access, Synthesis, Analysis, and Modeling of Essential

Variables Across Boundaries

Robert Crabtree, Yellowstone Ecologicial Research Center, University of Montana, crabtree@yellowstoneresearch.org

Chris Potter, NASA-Ames Research Center
Dan Weiss, Yellowstone Ecological Research Center

Steven Jay, Yellowstone Ecological Research Center

Henry W. Loescher, National Ecological Observatory Network and University of Colorado

The type, magnitude and timing of environmental impacts
on ecosystem processes are changing as a result of forcings and
interactions with climate, legacies of land-use change, disturbance
history, and management practices. Many, if not most, of these
changes are unprecedented rendering traditional management
and conservation strategies ineffective. Thus learning from the
past, new and improved approaches are needed to sustain and
support resiliency in ecological function, species populations and
their habitats. To meet these challenges and to coordinate man-
agement across multiple landscape boundaries—both ecological
and jurisdictional—we undertook a variety of projects aimed at
bridging the gap between scientists and practitioners (managers,
politicians, stakeholders). Prioritizing the needs of decision-mak-
ers, not scientists or academics, we identified ‘gaps’ in needed
data (in both forcing and response variables) as well as analytical
tools that provide diagnostic and prognostic models—ecological
forecasts—to enhance and guide adaptation management strat-

egies. We gathered and analyzed 25 species data sets in order to

define a set of ‘essential variables’ (EV’s) for ecological assessment
and modeling that have the highest value to end-users. Because
most of the EVs previously did not exist, were inaccessible, or
too expensive, we also utilized remote sensed data to determine
EV’s at broader spatial scales. While remote sensed data rarely
provides these variables for the species or communities of interest
(e.g., measures of ‘greenness’ are often poor proxies to forage
quantity and quality), we developed fusion techniques and data
assimilation models to produce spatially relevant EV’s related to
changing conditions. Here, we present the results of these efforts
including a range of easy-to-use informatics tools for data access,
data standards, derived data products, synthesis and analytical pro-
grams, and a variety of models that practitioners can inform cause
and consequence of processes and decision making. A variety of
species and community case studies illustrate the development
of these data, and informatic tools and models and, when taken
together, resulted in an open-access, novel framework called the

Adaptive Impact Modeling (AIM) process.

Calibrating a Dynamic Vegetation Model to Simulate Climate Change Impacts in Greater Yellowstone

Kathryn Ireland, Montana State University, kathryn.ireland@montana.edu

Kristen Emmett, Montana State University
Frances Ambrose, Montana State University
Andrew ]. Hansen, Montana State University

Benjamin Poulter, Montana State University

Climatic changes are likely to affect many aspects of ecosystems,
including the productivity of vegetation communities and ecosys-
tem processes, such as wildfire regimes. The impacts of climate
change are likely to be felt in Yellowstone National Park, but will
cross boundaries to impact the surrounding ecosystem. We are
applying a mechanistic dynamic vegetation model (LPJ-GUESS)
capable of simulating vegetation dynamics at the individual species
level to explore the potential changes to forest communities and
fire regimes at the scale at which ecosystems function. The advan-
tage of using a mechanistic simulation model like LPJ-GUESS
lies in its ability to capture important vegetation-climate-fire
feedbacks. However, a major challenge to implementing LPJ-
GUESS in the Greater Yellowstone Ecosystem (GYE) is the

need to calibrate the model for local vegetation, disturbance,
and environmental conditions. We developed model parameters
for 16 tree species in the GYE based on previous modeling efforts,
USEFS FIA data, literature, and expert opinion. To ensure that our
model parameters produced realistic results across environmental
conditions in the GYE, we selected 15 sites representing gradients
in elevation, precipitation, and vegetation communities to cali-
brate the model under historical climate conditions. We compare
the simulations with tree species distribution and productivity
patterns similar to those documented by Forest Inventory and
Analysis data. Mechanistic ecosystem models such as LPJ-GUESS
have large potential as tools for exploring the changes to vegeta-

tion, fire regimes and and climate in the GYE.
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Using Field Data to Validate Remote Sensing Models of Grassland Phenology, Biomass, and Forage

Quality in the Upper Yellowstone River Basin

Erica Garroutte, Montana State University, erica.garroutte@msu.montana.edu

Andrew Hansen, Montana State University
Rick Lawrence, Montana State University
Scott Creel, Montana State University

Jim Robison-Cox, Montana State University

Concern that altered vegetation phenology caused by cli-
mate and land use change may be affecting migratory ungulate
populations highlights the critical need for cross-jurisdictional
monitoring of vegetation phenology across the Greater Yellow-
stone Ecosystem (GYE) (Parmesan & Yohe 2003; Middleton
et al. 2013). Phenology has been shown to be directly related
to vegetation biomass and forage quality, and is well-known to
be a driver of ungulate migration patterns (Pettorelli et al. 2011;
Thein et al. 2009). While the general relationship between
phenology and ungulate migration is well-documented,
predicting the potential effects of shifting phenology on ungu-
lates requires a comprehensive assessment of the relationship
between phenology, biomass, and forage quality in varying
land uses, seasons, and elevations in migratory ungulate ranges
across the GYE. Additionally, more information is needed on
the accuracy and utility of monitoring tools used in the GYE.

Satellite-derived Normalized Difference Vegetation Index
(NDVI) has gained attention as a tool for monitoring land-
scape-scale vegetation phenology and biomass, but is limited
by a lack of validation in varying land uses, elevations, and
throughout the entire growing season. NDVI, an index that
measures red and near-infrared surface reflectance, is used as
a proxy for vegetation phenology, productivity, and protein
content in ecology research (Pettorelli et al. 2011). While widely
used, NDVI is known to have limitations in areas with high
soil exposure, senescent vegetation, high biomass, and has only
recently been linked to forage quality (Keatley et al. 2010).
This study aims to validate the relationship between MODIS
satellite-derived NDVI and grassland phenology, biomass, and
forage quality using field data across elk summer migratory
ranges in the Upper Yellowstone River Basin of the GYE. A
total of 20 quadrats in 20 MODIS pixel plots in varying land
uses and elevations across the study area were sampled every 14

days from April to September in 2013 and 2014. Aboveground

dry biomass, chlorophyll concentration, crude protein, and
in vitro dry matter digestibility tests were run on all samples.
Preliminary results suggest a strong relationship between NDVI
and biomass, phenology, crude protein, digestibility, and chlo-
rophyll concentration in all land uses and elevations at the
beginning of the growing season. The relationship, however,
varies by land use, elevation, and throughout the growing

season. Results from this study suggest that managers across

boundaries should be aware of the varying utility of NDVI
in different seasons, land uses, and elevations when monitor-
ing phenology and making management decisions about the
effects of climate and land use change on vegetation dynamics

important for ungulate populations across the GYE.
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Session 3a: Ecosystem Processes That Know No Boundaries

Recovering Aspen Follow Changing Elk Dynamics on the Yellowstone Northern Range

Luke E. Painter, Department of Fisheries and Wildlife, Oregon State University, luke.painter@oregonstate.edu

Robert L. Beschta, Oregon State University
Eric J. Larsen, University of Wisconsin

William J. Ripple, Oregon State University

On the northern ungulate winter range of Yellowstone
National Park, aspen stands were dying out in the late 20th
Century following decades of intensive browsing by elk (Cervus
elaphus). After wolves (Canis lupus) were reintroduced in north-
ern Yellowstone National Park in 1995-96, researchers reported
that some aspen stands (Populus tremuloides) began to recover,
but these conclusions were controversial. To investigate the
extent and causes of new aspen recruitment, we measured brows-
ing intensity and height of young aspen in 87 randomly selected
aspen stands in northern Yellowstone in 2012, and compared our
results to similar data collected in 1997-98. We also examined
the relationship between aspen recruitment and the distribution
of Rocky Mountain elk and bison (Bison bison), using ungulate
fecal pile densities and annual elk count data.

In 1998, 90% of young aspen were browsed and none were
taller than 200 cm. In 2012, only 37% in the east and 63%
in the west portions of the range were browsed, and 65% of
stands in the east had young aspen taller than 200 cm. These

changes occurred despite a drought in the region, and the near

elimination of the winter elk hunt. Browsing and height of
young aspen were highly variable among stands, and some stands
were still suppressed by browsing. Height was inversely related to
browsing intensity, with the least browsing and greatest heights
in the eastern portion of the range, corresponding with recent
changes in elk density and distribution. In contrast with his-
torical elk distribution (1930s-1990s), the greatest densities of
elk recently (2006-2012) have been north of the park boundary,
with relatively few elk in the eastern portion of the range (<2
elk/km?). This unprecedented redistribution of elk and decrease
in density inside the park may be the primary reason why many
aspen stands have begun to recover. Wolves played a substan-
tial role in these changes, in combination with predation by
bears (Ursus spp.), hunting by humans, and other factors. The
resulting new aspen recruitment is evidence of a landscape-scale
trophic cascade, where large carnivores have benefited aspen

through effects on ungulate prey.

Working Across Boundaries Improves Monitoring of Amphibians in the Greater Yellowstone and Beyond
William R. Gould, Applied Statistics Program, New Mexico State University, wgould@nmsu.edu

Andrew Ray, National Park Service, Greater Yellowstone Network

Debra A. Patla, Northern Rockies Conservation Cooperative

Paul Stephen Corn, USGS Northern Rocky Mountain Science Center, Aldo Leopold Wilderness Research Institute
Blake R. Hossack, USGS Northern Rocky Mountain Science Center, Aldo Leopold Wilderness Research Institute

Rob Daley, National Park Service, Greater Yellowstone Network

Since 2006, the Greater Yellowstone Network (GRYN) in
collaboration with USGS-Amphibian Research Monitoring
Initiative and university and nonprofit cooperators has used
standardized surveys to monitor amphibians in selected catch-
ments in Grand Teton (GRTE) and Yellowstone (YELL) national
parks. Within catchments, all wetlands with standing water
are surveyed for presence of breeding amphibians, with two

independent observers to allow estimation of variable detection

rates. Estimated occupancy of a species within catcchments and
wetlands and associated dynamic parameters (annual extinc-
tion and colonization rates) are used to characterize status and
trends of amphibians on these National Park Service (NPS)
lands, with pooled annual survey data from both parks used for
trend estimation. Here, we demonstrate the benefits of pooling
data across the two parks to describe amphibian trends, and

suggest that the analytical approach could be extended across
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other management unit boundaries to cover a larger portion
of the Greater Yellowstone Ecosystem (GYE). In our current
program, catchments are distributed using a spatially balanced
design across the two park units; this design resulted in fewer
catchments within GRTE compared to YELL. We show that due
to sample size limitations, trend reporting at the catchment level
is only possible by pooling across the two parks. Pooling survey
results produced greater precision in wetland-scale occupancy
estimates of three widespread amphibian species; estimated vari-

ances were as much as four times higher when we did not pool

Figure 1. Estimated occupancy of breeding chorus frogs
in Yellowstone National Park (YELL) in permanent
(perm) and seasonal (seas) wetlands, 2006-2009.

data. Additionally, pooling over park units revealed park-de-
pendent habitat relationships for boreal chorus frogs (Figures
1 and 2). Given that amphibian surveys are now underway in
the Bridger-Teton and Beaverhead-Deerlodge National Forests
and proposed for gateway communities (e.g. Bozeman), the
analytical techniques described could be used to better under-
stand how cross-boundary drivers (e.g. climate), land use, road
density, fishery management, and human population growth
individually or interactively affect amphibian occupancy and

extinction or colonization rates in the GYE and beyond.

Figure 2. Estimated occupancy of breeding chorus frogs
in Grand Teton National Park (GRTE) in permanent and
seasonal wetlands, 2006-2009.

Using Spatio-temporal Trend Analysis to Identify Areas of Critical Climatic and Ecological Change Across

the Greater Yellowstone Ecosystem (GYE)

Steven Jay, Yellowstone Ecological Research Center, jay@yellowstoneresearch.org

Robert Crabtree, Yellowstone Ecological Research Center

Recent climatic and ecological trends in the Greater Yellow-
stone Ecosystem are not constrained to just the boundaries
of Yellowstone National Park (YNP). Changes in climate
and landscape productivity outside YNP influence ecosystem
response within its boundaries. We analyzed precipitation,
temperature, percent surface water (PSW) and net primary pro-
ductivity (NPP) trends for the Greater Yellowstone Ecosystem
and identified regions of strong temporal change. Our technique
utilizes advanced climate and ecosystem models to produce a
time series of the three biophysical variables that were further

analyzed using a spatio-temporal linear regression model called

Breaks For Additive and Seasonal Trends (BFAST) to identify

regions within the GYE experiencing strong and significant
trends. PSW and NPP was analyzed from 2000-2010 for the
entire GYE at 500-meter resolution. Summer (May-September)
NPP and summer PSW trends were summarized and aggregated
to ecologically relevant regions. Annual precipitation and tem-
perature trends were summarized during the years 2000-2009 at
1km resolution and aggregated to ecologically relevant regions.
We will illustrate how these results can then be used by managers
as carly warning indicators to identify regions experiencing rapid
ecological or biophysical change and take appropriate actions

and adaptation strategies to stabilize regions of concern.
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Analyzing Changes and Differences in Glacial Melt Rates Across the Southern Greater Yellowstone

Ecosystem

Jeffrey A VanLooy, Department of Earth System Science and Policy, University of North Dakota, jvanlooy@aero.und.edu

Roberta MacDonald, Department of Earth System Science and Policy, University of North Dakota

Due to the importance of glacial melt water to riparian
zones and surrounding ecosystems, it is necessary to monitor
and analyze changes in melt rates especially in light of climatic
changes. Studies using aerial photographs of mountain glaciers
of the Wind River Range in the southern extent of the Greater
Yellowstone Ecosystem (GYE) have shown that almost all of the
glaciers have retreated (or shrank in area, mostly at their termi-
nus) over the last half century. While these studies indicate the
glaciers are rapidly changing, they describe only a portion of the

glacial changes as they do not measure the amount of elevation

change (or glacial thinning) which is a substantial component
to understanding glacial volume changes and melt rates over
time. Itis very possible that a glacier might not change in area
buc still have changes in its surface elevation, potentially leading
to significant surface melting which would not otherwise be
detected by area change analysis. To conduct glacier surface
elevation change research, the geodetic method is often used
in which glacier surface elevation data from different decades
are compared to determine how the glacier surface has changed

(i.e. thinning or thickening). Therefore, research was conducted

Figure 1. Glacier locations within the Wind River Range, Wyoming.
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using glacier surface elevation data from 1966 topographic maps
and 21999 digital elevation model (DEM) to calculate changes
in glacial melt rates in comparison with climatic changes over
the last half century for the Wind River Range.

While regional climatic changes have direct impacts on glacial
melt rates, not all glaciers in the region will respond the same
to these changes. Results from three of the largest glaciers
(Dinwoody, Grasshopper, and Knife Points) (Figure 1) indi-
cate that most of the glacier melting is occurring at elevations
<3,662 m (Figure 2). Below this threshold the amount of glacial
melt averages 0.30 m per year with localized melting rates of
2.0 m per year. Above the 3,662 m threshold the amount of
accumulation nearly offsets the melting with 0.26 m per year
of glacial thickening, leading to an average change in glacial
elevations of -0.07 m per year. However, these glaciers are not
necessarily representative of all the glaciers in the Wind River
Range, or across the entire Greater Yellowstone Ecosystem.
For example, Continental glacier, which is similar in size to the

other three glaciers, has a very different melt pattern with most

of the melting occurring at elevations above 3,662 m (Figure
3) and an average melt rate of -0.15 m per year. The causes for
the substantial difference in melt rates by elevation are likely
due to topographical and localized meteorological influences,
but more analysis is needed. These results emphasize the point
that a small sample of glaciers does not provide accurate results
for regional analysis especially for related issues of glacial melt
water resource management across the GYE boundaries.
Overall, this research will help emphasize the importance
of conducting larger scale glaciological studies across the GYE
which in turn will help in water resource conservation manage-
ment decision making. Management of riparian ecosystems,
particularly the numerous aquatic species, is reliant on the
knowledge of glacial melt water conditions. As the region expe-
riences fluctuations in temperature and precipitation related to
climatic changes, water resource managers will need to know
how much glacial melt water is available as well as how much
longer the glaciers will be able to supplement stream flow, espe-

cially during the dry late summer season.

Figure 2. Scatter plot of surface elevation changes (AZ) versus elevation above sea level (Z) for Dinwoody, Knife Point,
and Grasshopper glaciers for 1966 - 1999. Trend line of points represented by thick gray line. Elevation threshold of

3,662 m represented by gray dashed line.

Figure 3. Scatter plot of surface elevation changes (AZ) versus elevation above sea level (Z) for Continental glacier for
1966 - 1999. Trend line of points represented by thick gray line. Elevation threshold of 3,662 m represented by gray

dashed line.
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Intraspecific Aggression Affects Vital Rates and Competitive Ability in Gray Wolves (Canis lupis) of

Yellowstone National Park, WY

Kira A. Quimby, Yellowstone National Park, kira_quimby@nps.gov

Sarah Cubaynes, Oxford University

Daniel R. MacNulty, Utah State University
Daniel R. Stahler, Yellowstone National Park
Doug Smith, Yellowstone National Park

Gray wolves (Canis lupus) are group-living carnivores that
defend group territories and direct aggression against conspecif-
ics. Intraspecific strife accounts for a large proportion of natural
mortality, and likely serves as an important mechanism regu-
lating vital rates in wolves. We documented 292 inter-pack
aggressive interactions during 16 years of observation in Yellow-
stone National Park, Wyoming to determine factors influencing
the proximate results of interactions and impacts on survival at
the population-level. We found that while pack size relative to
the opponent is an important factor in predicting success, pack
composition also had significant effects. Packs with relatively
higher numbers of old adults (six years and older) or adult males
had an advantage over their opponents, making them more
likely to win an interaction. While the importance of pack size

in inter-pack conflict suggests the evolution and maintenance

of group-living may be due to larger packs’ superior abilities to
protect themselves and their resources, the influence of group
composition highlights our findings that some individuals are
more effective than others during aggressive inter-pack inter-
actions. In addition, on the northern range, density regulated
adult survival through an increase in intraspecific aggression,
independent of prey availability. Previous studies have suggested
wolf populations increase with prey abundance but our study
indicates that intrinsic density-dependent mechanisms have the
potential to regulate wolf populations at high ungulate densities.
When low prey availability or high removal rates maintain wolves
at lower densities, limited inter-pack interactions may prevent
density-dependent survival, consistent with our findings in the

interior of the park.

Assessing the Additive and Compensatory Nature of Wolf Predation in the Multi-prey System of

Yellowstone National Park

Matthew C. Metz, Yellowstone National Park, matt_metz@contractor.nps.gov

Doug Smith, Yellowstone National Park
Daniel R. Stahler, Yellowstone National Park
Daniel R. MacNulty, Yellowstone National Park

Recent progress in carnivore conservation has sparked debates
about trophic cascades and top-down effects on ecosystems.
Fundamental to this debate is assessing predator impacts on
prey behavior and population dynamics, touching on another
complex issue of additive vs. compensatory mortality. Therefore,
our goal was to assess the additive or compensatory nature of
wolf (Canis lupus) predation on the Northern Range of Yellow-

stone National Park. Specifically, we assess how various factors

(i.e., climate, demographic characteristics of ungulate popu-
lations and wolf-killed prey) influence intra- and interannual
variation in wolf predation patterns. Our results indicate that
significant intra- and interannual variation in wolf predation
causes the nature of wolf predation to differ through time. The
appreciation of this observation is critical to the conservation
of large predators, their prey, and the ecological communities

where they reside.
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Session 3b: Bison Conservation: Challenges & Opportunities

Assessing Alternatives for Managing a Bison Population Chronically Infected with Brucellosis

Chris Geremia, Yellowstone National Park, chris_geremia@nps.gov

P.J. White, Yellowstone National Park
Rick Wallen, Yellowstone National Park
Dave Hallac, Yellowstone National Park

The unique adaptive capabilities of Yellowstone bison need
to be conserved because they are currently the only ecologically
viable population within the original range of the species. How-
ever, their management is one of the greatest challenges facing
natural resource managers in North America because the pop-
ulation is chronically infected with the disease brucellosis that
can be transmitted to livestock and humans, and there is limited
tolerance for these massive animals when they attempt to migrate
outside Yellowstone National Park and beyond nearby areas in
Montana. A diverse group of agencies, stakeholders and Tribes
are involved with managing Yellowstone bison which represent
an even broader spectrum of perspectives of how bison should
be managed. The National Park Service and State of Montana

are currently embarking on a new conservation strategy for

Yellowstone bison. The long-term success of any conservation
strategy will depend on sound science. To this end, we developed
a model of a Yellowstone bison population that is chronically
infected with brucellosis using long-term data on abundance,
composition, demographics, and disease. Our model enables
us to project the bison population into the future under dif-
ferent management strategies and compare the effectiveness
of each approach. We consider alternatives such as continuing
current management practices, prioritizing bison conservation
by reducing human intervention, and focusing on preventing
spillover of brucellosis to cattle. Our approach enables us to
incorporate what we have learned from managing Yellowstone

bison to objectively weigh future alternatives.

A Genomic Assessment of Brucellosis Transmission Among Wildlife and Livestock of the Greater

Yellowstone Ecosystem

Pauline L. Kamath, USGS, Northern Rocky Mountain Science Center, pkamath@usgs.gov

Kevin P. Drees, Center for Microbial Genetics and Genomics, Northern Arizona University

Jeffrey T. Foster, Center for Microbial Genetics and Genomics, Northern Arizona University
Christine Quance, USDA-APHIS, National Veterinary Services Laboratory
Suelee Robbe-Austerman, USDA-APHIS, National Veterinary Services Laboratory

Tod Stuber, USDA-APHIS, National Veterinary Services Laboratory

Neil J. Anderson, Montana Fish Wildlife and Parks

P. Ryan Clarke, USDA-APHIS, Veterinary Services
Eric K. Cole, USFWS, National Elk Refuge

William H. Edwards, Wyoming Game and Fish Dept
Jack C. Rhyan, USDA-APHIS, Veterinary Services

John J. Treanor, Yellowstone Center for Resources, National Park Service, Yellowstone National Park

Rick L. Wallen, Yellowstone Center for Resources, National Park Service, Yellowstone National Park

Gordon Luikart, Flathead Lake Biological Station, University of Montana

Paul C. Cross, USGS, Northern Rocky Mountain Science Center

Brucellosis, a disease caused by the bacterium Brucella abor-
tus, has recently been expanding its distribution in the Greater
Yellowstone Ecosystem (GYE), with increased outbreaks in cattle

and rising seroprevalence in elk across the tri-state region over

the past decade. Genetic studies suggest that elk are a primary
source of recent transmission to cattle. However, these studies
are based on standard genotyping methods, which have proven

to be limited in assessing and quantifying transmission. The
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goal of this study was to (i) investigate the introduction and
dispersal of B. abortus in the GYE, (ii) identify B. abortus lin-
eages associated with host species and/or geographic localities,
and (iii) elucidate transmission dynamics across host species
and populations.

We sequenced B. abortus whole genomes (n = 237) derived
from isolates collected from three host species (bison, elk,
and cattle) over the past 30 years, throughout the GYE. Eight
additional isolates were sequenced from outside the GYE and
included in the analyses as outgroups. We identified genetic
variation, reconstructed evolutionary relationships among B.
abortus isolates, and applied a Bayesian phylogenetic diffusion
modeling approach that incorporates associated temporal, geo-
graphic and host data to estimate transmission rates among
host species and locations. Our results suggested four divergent
Brucella lineages, with two lineages being geographically limited
and two lineages having a more widespread distribution. Evi-
dence for asymmetric cross-species transmission was detected

among host species; the highest rates were from bison-to-elk

and elk-to-cattle. However, the pattern of isolate clustering
indicated that most transmission events likely occur within
species and herds. Spatial dispersion of the pathogen was variable
through time (with a median of approximately 3.5 km/yr) and
the National Elk Refuge/ Teton region appeared to be linked
to long-distance transmission events.

A better understanding of brucellosis transmission among host
species and the dispersal of the pathogen across the landscape is
imperative for informing and unifying effective management
practices and disease control measures in Idaho, Montana and
Wyoming. In addition, these results will assist in identifying
source populations responsible for historic and future brucello-
sis infections in wildlife and livestock. To our knowledge, this
study is the first demonstrated use of these emerging genomic
technologies for epidemiological investigation of a pathogen at
the wildlife/agriculture interface. In addition, the methodology
utilized by this study will provide the paradigm for analysis of

whole genomes for clonal bacterial pathogens beyond Brucella.

Bison Conservation Across Boundaries: An Investigation into the Human Dimensions of Wild Bison in the

Gateway Communities of Greater Yellowstone

Peter Metcalf, University of Montana, peterwmetcalf@hotmail.com

Elizabeth Covelli Metcalf, University of Montana

Wayne Freimund, University of Montana

The seasonal migration of wild bison (Bison bison) is one of
the most pressing transboundary wildlife management issues in
the Greater Yellowstone Ecosystem. During late winter and early
spring, Bison leave Yellowstone National Park and wander onto
adjoining public and private lands in search of forage. Concerns
about the possible transmission of the disease Brucellosis to
cattle have led managers to severely restrict bison’s movement,
restrictions unparalleled by any other wildlife in the GYE. These
restrictions along with bison’s general presence outside the park
has generated myriad social tensions, political conflicts and legal
battles. The challenges and conflicts associated with bison are
particularly acute in the GYE’s gateway communities including
Gardiner and West Yellowstone. A clearer understanding of the

perceptions, attitudes, and interactions of gateway community

residents, including key stakeholder groups like business owners,
community leaders and private landowners, with bison could
improve transboundary management of this charismatic species.
Despite repeated calls for such a study, no formal research on
the human dimensions of bison in these communities has been
conducted. Such data is crucial to understand how bison affect
people’s lives and how to best manage bison to minimize conflict
and maximize tolerance for their presence on the landscape.
This presentation will describe preliminary findings from a
qualitative study conducted in the summer of 2014. The results
from this study will contribute to future trans-boundary bison
management as well as the growing literature on the centrality
of human dimensions in the conservation and restoration of

wildlife in the American West.
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The Role Bison Play in Shaping Plant Communities: A Test of the Grazing Optimization Theory

Rick Wallen, Yellowstone National Park, rick_wallen@nps.gov
Doug Frank, Syracuse University

Ecological processes on Yellowstone’s northern range are ever
changing. Populations of grazing species fluctuate naturally
with the processes of predation, climate, annual weather pat-
terns and management removals. Grazers recycle nutrients by
turning plant biomass into recycled nitrogen and carbon that
provide nutrients for the plant communities, thus affecting plant
community dynamics. Since the early 1990’ Yellowstone elk
populations have decreased by more than 60 percent. Previous
research showed that a measurable decrease in plant community
productivity occurred with fewer elk. However, bison num-

bers have increased during this time interval, now being the

dominant grazing force across the northern range. The purpose
of this project was to evaluate how the reversal in abundance
trends of elk and bison may have affected how grasslands respond
to grazing activity. The results are intended to assist managers in
explaining the role bison play in influencing plant community
dynamics over the long term and provide support for the NPS
mission of preserving migratory behavior in native wildlife spe-
cies. Preliminary results indicate that even under extremely high
forage consumption rates, the production of above ground bio-

mass on our study sites is greater where grazing is not excluded.

Vegetation Condition and Bison Reproduction Affect the Timing of Return Migrations to Yellowstone:

Implications on Brucellosis Spillover to Livestock

Chris Geremia, Yellowstone National Park, chris_geremia@nps.gov

Rick Wallen, Yellowstone National Park
Angela Stewart, Yellowstone National Park
Katrina Auttelet, Yellowstone National Park

Doug Blanton, Yellowstone National Park

Recovery of Yellowstone bison (Bos bison) from less than 25
individuals in 1902 to more than 4,000 animals today led to
range expansion and the seasonal movement of bison between
Yellowstone and the state of Montana. Bison and elk (Cervus
elaphus) in the Greater Yellowstone Area persist as one of the last
reservoirs of the disease brucellosis, a bacterial disease that may
induce abortions or birth of non-viable calves in livestock and
wildlife. When the disease is transmitted to livestock, it further
causes economic loss from slaughtering infected cattle herds
and imposed trade restrictions. The United States government
and the state of Montana agreed to an Interagency Bison Man-
agement Plan (IBMP) in 2000 that established guidelines for
cooperatively managing the risk of brucellosis transmission from
Yellowstone bison to cattle and conserving bison as a natural

component of the ecosystem, including allowing some bison

to migrate out of the park. Agencies agreed to maintain tem-
poral and spatial separation of bison and livestock by defining
a “haze-back” date of May 15th after which bison would not
be allowed outside the Park. Such separation has been 100%
effective at preventing the spillover of brucellosis from bison
to livestock. However, hazing efforts have been controversial,
dangerous, costly and ineffective with hazing actions imple-
mented for several weeks prior to bison naturally returning to
the park. To improve our understanding of bison migration,
we tracked vegetation conditions, and the spatial distribution
and reproduction of radio-collared adult female bison during
2008-2013. Our research suggests that adjusting haze-back dates
could reduce harm to bison while maintaining a low risk of

disease spillover.
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A Range of Boundaries: Grasping the Challenges of Bison on a Wider Landscape

Mason Auger, University of Colorado, mason.auger@colorado.edu

Bison pose significant challenges to all manner of boundaries
in the Yellowstone region. Two decades of debate and conten-
tiousness over their management attest to this fact. A hallmark
of trans-boundary wildlife conservation is the often complex
social and political dynamics that emerge when wildlife cross
administrative, juridical, and cultural boundaries (Goldman 2009;
Haggerty and Travis 2006; Hughes 2005; Thompson 2002).
Over much of the last two decades controversy over bison man-
agement and distribution has centered on the issue of brucellosis.
Brucellosis was and remains a serious obstacle in restoring the
species to other areas of the Yellowstone ecosystem, but singular
focus on the etiology, virulence, and transmission of the disease
has produced some unfortunate consequences. Primarily, it has
encouraged a perception that the specifically socio-political chal-
lenges of bison movement across jurisdictional boundaries can be
solved by technocratic and scientific expertise alone. The unsuc-
cessful 2012 lawsuit filed by Park County against Montana Fish
Wildlife and Parks and the Montana Department of Livestock
over bison wintering in Gardiner Basin is but one indication
that this is not the case. The politics of local communities and
their composition through multiple processes of negotiation are
equally important factors in establishing “social tolerance” for
bison on a wider landscape. However, the foregoing requires a
corollary recognition. Bison behavior, conditioned by factors of

density and distribution, does pose unique though by no means

insurmountable challenges for coexistence. In turn this touches
upon a fundamental, pervasive yet unspoken boundary operative
in the debates over bison management— the boundary between
nature and society. This paper will argue that the ways in which
bison trouble that boundary contribute significantly to the ongo-
ing controversies of bison management. It also seeks to highlight
how qualitative research and perspectives drawn from social sci-
ence disciplines might helpfully contribute to solving the problems

and quandaries faced by land and wildlife management agencies.
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Session 4a: The Journey to Achieving Desired Conditions

The Long Road to a Major Environmental Cleanup

Thomas Hatcher Henderson, Montana Department of Environmental Quality, thenderson@mt.gov

In 1933, the McLaren Gold Mines Company discovered the
McLaren deposit on Henderson Mountain in the New World
Mining District. The McLaren Mill was constructed along
Soda Butte Creek near Cooke City and processed gold and
copper ore from 1934 until 1953. Mill tailings were placed
in a tailings impoundment which grew to approximately 10
acres and filled channel and floodplain of Soda Butte Creek.
Inspections by Yellowstone National Park personnel during these
years documented a regular pattern of leaks and breaks in the
earthen dike surrounding the tailings impoundment. By the
late 1960s, Soda Butte Creek was considered the most polluted
stream entering Yellowstone National Park. Investigations into
the cause of the pollution showed that iron and heavy silt loads
from the tailings were adversely affecting the fish producing
capacity of Soda Butte Creek.

Soda Butte Creek downstream of McLaren Tailings in
September 2008, prior to reclamation work.

Beginning in the late 1960s, interim measures were imple-
mented to mitigate the environmental impacts from the tailings
impoundment. In 1969, the tailings were covered with soil
and Soda Butte Creek was rerouted into a ditch constructed
around the north side of the impoundment. Following the
Yellowstone fires 0f 1988, the Environmental Protection Agency
directed work to protect the impoundment from flooding, divert
shallow groundwater entering the impoundment, and improve
the seismic stability of the dam. However, the discharges of
contaminated water to Soda Butte Creek continued. Load-

ing analysis conducted by the U.S. Geological Survey in 1999
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indicated that approximately 13 tons of iron and 120 tons of
sulfate were discharged each year to Soda Butte Creek from the
tailings impoundment.

The Montana Department of Environmental Quality (DEQ)
conducted an Engineering Evaluation/Cost Analysis of site rec-
lamation alternatives in 2002. From 2002 through 2008, DEQ
negotiated an Agreement with the Environmental Protection
Agency and Department of Justice to facilitate the purchase
and reclamation of the property. Reclamation work began in
2010. Numerous conditions have made the project work chal-
lenging. The site elevation is approximately 7,600 feet and is
characterized by alpine weather, a short summer work season
and extensive spring snowpack. The tailings consisted of soft
clay and silt materials which required physical stabilization in
order to be properly compacted in the repository. The tailings
impoundment was saturated with groundwater which contained
numerous metals, including arsenic, cadmium, copper, iron,
lead, silver, and zinc at levels exceeding DEQ water quality
standards. The tailings covered the shallow aquifer system
in the Soda Butte Creek valley which contained groundwater
under artesian conditions. To address these conditions, an exten-
sive construction dewatering system was installed to intercept
groundwater at the margins of the tailings impoundment, and
a water treatment plant was constructed to treat contaminated
water. Lime was mixed with tailings to reduce the acidity of
the tailings and improve the physical strength of these materials

to facilitate compaction in the repository.
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Lime mixing and excavation of tailings in 2012.
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DEQ worked cooperatively with National Park Service
staff in all phases of this project including the evaluation of
reclamation alternatives, reclamation design, and the imple-
mentation of the work. The construction dewatering and
water treatment systems were operated in 2012 and 2013 and
Over 100 million

gallons of contaminated groundwater were treated to meet

facilitated the excavation of the tailings.

DEQ water quality standards. The portions of Soda Butte
Creck and Miller Creek formerly covered by the tailings
impoundment were reconstructed and planted with willows.
These creeks were returned to their historical channels in
August 2013. The removal of approximately 240,000 cubic
yards of tailings from the Soda Butte Creek valley was com-
pleted in September 2013. The repository was completed
and capped with a liner and soil cover in July 2014.

Recent water quality sampling in Soda Butte Creek indicates

that water quality meets DEQ standards. Work is currently

Soda Butte Creek downstream of McLaren Tailings in
July 2013.

underway to revegetate the site with grasses, aspen, and fir spe-
cies. This project has required over a decade of planning, design,
coordination, and execution, and represents a major success for
the Cooke City-Silver Gate area and the Soda Butte Creek eco-
system on both sides of the Yellowstone National Park boundary.

Bat Monitoring in Yellowstone National Park: Preparing for the Arrival of White-nose Syndrome

John Treanor, Yellowstone National Park, john_treanor@nps.gov

Joseph Johnson, Bucknell University

Dylan Schneider, Yellowstone National Park
Jessica Richards, Yellowstone National Park
Elijah Lee, Yellowstone National Park
Austin Waag, Yellowstone National Park
Michael Lacki, University of Kentucky

Scientists now believe that there is no greater threat to the
survival of bats in North America than the disease white-nose
syndrome (WNS). From its original discovery in New York
(2006), WNS has spread as far west as Oklahoma (2010),
Missouri (2011), Iowa (2012), Minnesota (2013), Wisconsin
(2014), and Michigan (2014). The fungal pathogen Pseud-
ogymnoascus destructans that causes WNS is responsible for
declines as high as 99% in wintering bat populations, lead-
ing to regional extinctions of several species in northeastern
North America. WNS causes hibernating bats to arouse more
frequently during winter hibernation than can be supported
by their energy and water reserves, leading ultimately to death
through starvation and dehydration. Although WNS has
not been observed at Yellowstone National Park (YNP), it is
anticipated that the disease will spread across western North
America and reach hibernating bat populations that breed
in YNP. Bats are poorly suited for recovery from substantial

population declines because most species that are vulnerable

to WNS rear only a single pup per female each year. A pro-
active monitoring program is underway in YNP to establish
baseline data on the distribution, activity and habitat use by
bat species prior to the arrival of WNS. This information
will contribute to the development of conservation strategies
if YNP’s bat populations are impacted by WNS.
Mist-netting and acoustic sampling are the primary meth-
ods used to monitor bats in YNP. Acoustic data provides
important information on the distribution of bat species
over a large spatial area. Acoustic recordings have been used
to identify 13 species of bats in YNP, with multiple species
over-wintering within the park. Acoustic sampling from
spring to autumn has been used to describe the activity of bat
species associated with a diversity of habitat types. However,
acoustic recordings alone do not provide data on gender, age,
or reproductive condition of specific bat species, and can
under-represent the occurrence of species whose echolocation

calls are difficult to detect. Mist-net sampling has provided
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Figure 1. Little brown myotis (Myotis lucifugus) roosting in a building attic in Yellowstone National Park.

information on the timing of reproductive events, such as
pregnancy, lactation, and when juveniles have emerged from
their maternity roosts. By combining mist-net surveys with
acoustic sampling, a more comprehensive assessment of spe-
cies diversity, population status, and reproductive success
can be made.

An important monitoring objective is to identify the loca-
tion of maternity roosts and hibernacula that are used for
reproduction and over-winter survival. Female bats captured
with mist-nets and fitted with radio-transmitters have helped
to identify buildings that serve as maternity roosts for little
brown bats (Myotis lucifugus; Figure 1). This species has expe-
rienced substantial declines in the eastern U.S. as a result of
WNS. Because female bats can show high fidelity to mater-
nity roosts across many years, there is a need to understand

the consequences of excluding bats from buildings in YNP.

The unique thermal conditions inside maternity roosts are
critical to the ability of adult females to successfully rear
young. The use of temperature-sensitive radio transmitters
has provided information on the thermal conditions of roosts
used during pregnancy and lactation. These data describe
the torpor patterns (periods of reduced body temperature
and metabolic rate) of bats by species and reproductive con-
dition, which is helping to explain why female bats select
certain buildings for reproduction. Buildings that serve as
maternity roosts may be essential for recovery following
population declines. Collectively, the monitoring data will
help determine whether bat populations in YNP have been
impacted by WNS and will support management efforts
to improve the productivity of recovering bat populations
should Yellowstone bats experience declines similar to those

observed in the eastern United States.
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Long-Term Reproduction (1984-2013), Nestling Diet and Eggshell Thickness of Peregrine Falcons (Falco

peregrinus) in Yellowstone National Park

Lisa Baril, Yellowstone National Park, lisa_baril@partner.nps.gov

David Haines, Yellowstone National Park
Doug Smith, Yellowstone National Park
Robert Oakleaf, Wyoming Game and Fish Department

Peregrine falcons (Falco peregrinus) were extirpated in Yellow-
stone National Park (YNP) and were nearly extirpated from the
entire Greater Yellowstone Ecosystem (GYE) by 1970. Wide-
spread use of the insecticide dichloro-diphenyl-trichloroethane
(DDT) in North America during the 1940s-1960s was identified
as the principal factor responsible for the declining peregrine
population leading to listing the species as endangered in 1970
under the Endangered Species Conservation Act 0of 1969, a pre-
cursor of the Endangered Species Act 0f1973. The accumulating
effects of DDT’s primary metabolite, dichloro-diphenyl-dichlo-
roethylene (DDE), impaired reproduction by causing extreme
thinning of eggshells. Restrictions placed on the use of DDT
in 1972, coupled with the reintroduction of more than 6000
captive-raised juvenile peregrine falcons in North America led
to removing the peregrine from the endangered species list in
1999. YNP contributed to these recovery efforts through the
release of 33 juvenile peregrine falcons during 1983-1988 (>500
in the GYE). In collaboration with Wyoming Game and Fish and
the Montana Peregrine Institute we monitored peregrine falcon
re-establishment and reproductive success in YNP from 1984-
2013 and compared our results with other studies conducted
in and around the GYE. During 2010, 2011 and 2013 we also
collected and analyzed prey remains and eggshell fragments from
nine peregrine territories across YND. Eggshell thicknesses were
compared to pre-1947 thicknesses (before peregrine decline)
and to eggshell thicknesses collected in and around YNP during
1988-1989 (during a period of early recovery).

We documented a substantial increase in the number of occu-
pied territories from one in 1984 to 32 occupied territories by
2007, however seven previously occupied territories were unoc-
cupied during 2008-2013 and only one additional territory was
located post-2007 despite extensive surveys for other cliff-nesting
raptors (i.e. Golden Eagles (Aquila chrysaetos) and Prairie Falcons
(F mexicanus). The loss of some territories is expected as the
population reaches equilibrium, however the loss of marginal
cliffs may be an early warning sign of a population decline by
higher than normal adult mortality, reproductive failure, or a
combination of both. Despite the loss of several territories we
found YNP peregrines exhibited high nesting success (74%),
productivity (1.62) and brood size (2.18) during 1984-2013 and

all three measures were stable over time (i.e. no trends). Nesting
success, productivity and brood size are at or above the target
values identified by the U.S. Fish and Wildlife Service in their
post-delisting monitoring plan and those found for the Rocky
Mountain/Great Plains region during the 2003 national survey.
High productivity in YNP suggests that the Park may be a source
for which to populate other areas. Eggshell thinning of less than
17% is cited as the threshold at or below which reproduction is
unaffected. Eggshells collected in YNP during 2010, 2011 and
2013 averaged 4% thin compared with pre-1947 thicknesses (pre-
DDT) and are indicative of low DDE concentrations. During
1988-1989 peregrine eggshells collected in and around YNP were
12% thin compared with pre-DDT thicknesses — also below the
threshold at which reproduction is affected, but still 8 percentage
points thinner than current thicknesses indicating that DDT
persisted in the ecosystem nearly two decades after restrictions
were placed on its use in North America and nearly 30 years since
DDT was used in YNP. Prey remains indicate a diverse avian
(97% of individuals) prey base composed largely of terrestrial
birds (63%). Peregrines in YN appear not to specialize on any
one species, at least while feeding nestlings. American robins
(Turdus migratorius), the most common prey item, represent just
11% of the total individuals with all other individuals identified
to species representing less than 8% of the total.

Overall, peregrine falcons have increased in YNP during 1984-
2013 and appear stable. While organochlorines in peregrine falcon
eggshell fragments have significantly declined since restrictions
were placed on their use in the U.S. and Canada, several studies
reveal that compounds within the family of brominated flame
retardants (BFRs), particularly polybrominated diphenly ethers
(PBDEs), are emerging as new threats to raptors. Although YNP
is a protected area peregrines breeding in the Park cross state
and international boundaries en route to wintering habitat in
Mexico, Central America, and South America where differing
land management practices and laws may affect the reproduc-
tion and survival of YNP peregrines. Therefore, continuing to
collect eggshell fragments as well as monitoring peregrine falcon
occupancy and reproduction at known locations in addition to
searching for new locations will aid in the early detection of a

decline in YNP’s peregrines.
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Archaeological Boundaries and Their Transgressions in the Greater Yellowstone Ecosystem

Staffan Peterson, Yellowstone National Park; staffan_peterson@nps.gov

Charlene Arney, Yellowstone National Park

Archaeological study of the Greater Yellowstone Ecosystem
has shown dramatic differences of the human use of the region
across space and time. Hundreds of studies have resulted in
the discovery of many thousands of sites. Nearly two thousand
archaeological sites have been recorded in Yellowstone National
Park alone. However, several factors serve to bound and hence
limit our understanding and management of this resource.
Because of the vastness of the area, and limited funding, only
three percent of the park has been examined archaeologically,
and in neighboring managed lands the situation is similar.
Differences between institutional missions and even between
individual archaeologists have led to differing approaches to

recording archaeological resources. Finally, several physical

factors create bias in where and what kinds of artifacts and
sites are discovered.

To address one element of this conundrum, we present
a predictive model for archacological sites with Yellowstone
National Park. Surveyed areas are characterized by relevant land-
scape attributes of site locations to suggest where—and where
not—sites might be in the 97% of the park that has not been
surveyed. The resulting predictive model can be the first part of
an inter-jurisdictional cultural resource management plan that
can pro-actively guide long-term preservation and interpretation
efforts, can assist with allocation of agency resources in project
planning, and can provide a baseline for future investigations

and research on this shared resource.

Time as a Management Tool: Long-Term Dynamics of the New Zealand Mud Snail and Native Invertebrate

Communities in the Greater Yellowstone Area

Teresa M. Tibbets, University of Wyoming and The Nature Conservancy, ttibbets@uwyo.edu

Amy C. Krist, University of Wyoming
Robert O. Hall, Jr., University of Wyoming

Invasive species are one of the top two threats to native bio-
diversity worldwide. A primary goal of invasion biology is to
predict which introduced species become invasive, or reach
pest status, and which systems are susceptible to invasion. To
complete this goal, it is vital to understand long-term dynam-
ics of invasive species populations and their interactions with
native communities in their introduced range. Most studies
of invasions by non-native species are not extensive enough to
determine long-term effects on the native ecosystems. The first
objective of this study is to estimate the long-term abundance
and biomass of the New Zealand mud snail, (Potamopyrgus
antipodarum), in the Greater Yellowstone Area (GYA). The
second objective is to analyze the long-term effects of P antipo-

darum on the biomass, abundance, and taxon diversity of native

benthic invertebrate assemblages in the GYA. The ten-year span
of data analyzed for P antipodarum and the native macroinver-
tebrate communities at Lower Polecat Creek in Grand Teton
National Park and the Gibbon and Firchole Rivers in Yellow-
stone National Park provide a unique opportunity to study
macroinvertebrate community succession over time. Our results
indicate a 10 — 100 fold decline in P antipodarum abundance
at all sites in 2011 compared to surveys from 2001. Native ben-
thic invertebrate communities changed over the study period,
including the presence of species in 2011 that were not previously
observed in 2001. We will evaluate the temporal dynamics of
P, antipodarum and the long-term consequences for the native

macroinvertebrate stream communities within the GYA.
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Prioritizing Conservation of Yellowstone Cutthroat Trout Across Their Range

Bradley B. Shepard, North American Program, Wildlife Conservation Society, bshepard@wecs.org

Robert Al-Chokhachy, USGS Northern Rockies Science Center

Robert Gresswell, USGS Northern Rockies Science Center
Lee Nelson, Montana Department of Fish, Wildlife and Parks
Scott Opitz, Montana Department of Fish, Wildlife and Parks
Dan Garren, Idaho Fish and Game

Steve Yekel, Wyoming Game and Fish Department

Jason Burckhardt, Wyoming Game and Fish Department
Jack Williams, Trout Unlimited

Amy Haak, Trout Unlimited

Yellowstone Cutthroat Trout (Oncorhynchus clarkii bouvieris
hereafter YCT) is an iconic fish of the Greater Yellowstone Eco-
system with a native range that includes the states of Montana,
Idaho, Wyoming, Utah and Nevada, and Yellowstone and Teton
National Parks (Figure 1). An Interagency Multi-State Yellowstone
Cutthroat Trout Conservation Work Group (Work Group), which
includes representatives from management agencies for the above
states and parks, Forest Service, Fish and Wildlife Service, Bureau
of Land Management, U.S. Geological Survey, and numerous
non-government organizations, began informally meeting in the
mid-1990s to conserve YCT. The Work Group began by assessing
the status of YCT, where they designated individual populations
of YCT as “conservation populations” if they met certain crite-
ria for genetic integrity or some other measure of “uniqueness”.
The Work Group designated four geographic management units
(GMUs) and set up teams of local experts for each GMU (Figure
1). The Work Group and each GMU Team meet at least annu-
ally to report on past and planned conservation efforts, update
the status of YCT, share research and monitoring findings, and
discuss policy and management necessary to conserve this fish
throughout its native range. Since this coordinated effort began
in the 1990s, the long-term reduction in the distribution of YCT
across their range has been arrested and the distribution of this
fish has remained relatively stable during the past two decades,
primarily due to protection and restoration actions taken by Work
Group members.

Since resources available to conserve native trout are limited,
they must be targeted where conservation is most critical and
likely to be successful. We collaborated with the Work Group to
prioritize conservation of YCT across their range. The primary
objective of this prioritization is to target national resources to
critical conservation needs. We recommend that national fund-
ing organizations (i.e., National Fish and Wildlife Foundation
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