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10th Biennial Conference for Research on the 
Colorado Plateau

2009 Theme—Collaborative Conservation in Rapidly Changing Landscapes

Welcome

The sponsors of the 10th Biennial Conference for Research on the Colorado Plateau welcome you to beautiful Flag-
staff, Arizona, and look forward to exploring with you the pressing issues that face not only the Southwest and West, 
but also virtually every other region in North America. 

The Biennial Conference for Research on the Colorado Plateau began in 1991 as a means of sharing information 
among National Park Service researchers and land managers. Organized and hosted by the Colorado Plateau Research 
Station, then a National Park Service Cooperative Research Studies Unit at Northern Arizona University, the confer-
ence sought to highlight research and resource-management efforts related to the physical, cultural, and biological 
resources within the biogeographic province of the Colorado Plateau.

Those interests continue to be central in 2009, however, the Colorado Plateau Research Station broadened its areas 
of interest and range of partnerships over time by first becoming a unit of the National Biological Survey and then 
of the Biological Resources Discipline of the U.S. Geological Survey (USGS). The research station is now a part of 
the USGS Southwest Biological Science Center, also based in Flagstaff. The conference grew to include not only 
the concerns of the National Park Service, but also the interests of other Colorado Plateau Tribal and Federal land 
and resource management agencies, including the Bureau of Land Management, the Bureau of Reclamation, and 
the USDA Forest Service. Northern Arizona University and several of its departments and affiliates, including the 
Merriam-Powell Center for Environmental Research and the Colorado Plateau Cooperative Ecosystem Studies Unit, 
also increased their participation and continue to be vital conference sponsors.

In 2009, the Biennial Conference for Research on the Colorado Plateau will celebrate its tenth anniversary and orga-
nizers wanted to do something special! That something special was to collaborate with the Society for Conservation 
Biology to host the 2009 conference.

The Biennial Conference for Research on the Colorado Plateau has been and continues to be an outstanding example 
of collaboration among a range of partners to bring together scientists and managers to address regional conservation 
issues. Conference organizers are also proud to create a setting that is uniquely open to student scientists, allowing them 
to present their latest research in a professional environment. In this spirit, welcome and thank you for joining us!
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General Conference Information
Registration and information tables, located in the lobby of the High Country Conference Center, will be open at the 
following times:

8:00 a.m. – 5:00 p.m.		  Monday, October 5, 2009
8:00 a.m. – 5:30 p.m.		  Tuesday, October 6, 2009
8:00 a.m. – 5:30 p.m.		  Wednesday, October 7, 2009 
8:00 a.m. –1:00 p.m.		  Thursday, October 8, 2009

Telephone messages will be posted on a message board near the registration table as they are received from the High 
Country Conference Center Information Desk, (928) 523-7778. 

E-mail service will be available in main lobby of the High Country Conference Center.

Conference-sponsored meals will be held at the High Country Conference Center. Restaurants near the conference 
center provide a range of options for breakfast and lunch. Please see the Flagstaff Travel Guide in the registration 
folder for a list of eating establishments and a city map (back inside cover).

Parking available at the High Country Conference Center parking garage. To enter the garage, enter code #1009 at the 
entry gate. Overflow parking will be provided at the recreation center on the Northern Arizona University campus (see 
Northern Arizona University campus map provided in the registration folder).

Conference Coordinators

Conference Chairs Matthew Johnson, U.S. Geological Survey and Northern Arizona      
University, and Eli Bernstein, Society for Conservation Biology

Program Chair David Mattson, U.S. Geological Survey

Registration Manager Carol Holden, Northern Arizona University

Food and Promotion Eli Bernstein, Society for Conservation Biology, and Wynne Geiken-
joyner, Northern Arizona University and Society for Conservation 
Biology

Audio-Visual Wynne Geikenjoyner, Northern Arizona University and Society for 
Conservation Biology

Poster Session Chair Charles Drost, U.S. Geological Survey

Outreach Wynne Geikenjoyner, Northern Arizona University and Society for 
Conservation Biology



Special Session Developers
The conference organizers would like to thank the people indicated below for their help to develop special sessions 
that address important management issues and research relevant to the Colorado Plateau. 

Clients’ Day Eli Bernstein, Society for Conservation Biology; David 
Mattson, U.S. Geological Survey; and Matthew Johnson, 
U.S. Geological Survey and Northern Arizona University

Conserving Connectivity in Changing Landscapes Allison Jones, Wild Utah Project, and Paul Beier, Northern 
Arizona University 

An Innovative Federal and Tribal Partnership: Kasha-Katuwe 
Tent Rocks National Monument, New Mexico

Edwin Singleton, Bureau of Land Management

Department of Defense Environmental Funding Programs: 
Conservation-Related Research in the Southwest and Future 
Funding Opportunities

John Hall, Strategic Environmental Research and Develop-
ment Program and the Environmental Security Technol-
ogy Certification Program

Collaborative Cultural Resource Management: Museum of 
Northern Arizona and Grand Canyon National Park Investiga-
tions Along the Colorado River

Ted Neff, Museum of Northern Arizona

Happy 10th Birthday to the Cooperative Ecosystems Studies 
Units: Where Will the Next Decade Take Us?

Kathy Tonnessen, National Park Service, Rocky Mountains 
Cooperative Ecosystem Studies Unit

Integrating Science into Public Process and Water Resource 
Decisionmaking: Process and Progress of Dolores River Dialog

Carolyn Dunmire, Dolores River Dialogue Member

Ungulates and Predators in National Parks: What Can We 
Learn by Comparing Notes Across Bioregions?

Ron Hiebert, Northern Arizona University

Collaborative Herpetofauna Research in the Desert Southwest 
and Its Riparian Areas

Erika Nowak, U.S. Geological Survey, Northern Arizona 
University

Future Directions for Regional Conservation Planning in the 
Western United States: Lessons from the Northwest Forest Plan

Carlos Carroll, Klamath Center for Conservation Research

Understanding the Human Dimensions of Sustainability and 
Landscape-Level Conservation

David C. Fulton, U.S. Geological Survey, University of 
Minnesota

Extreme Weather(ing): Measuring, Modeling, and Predicting 
Change at Colorado Plateau Cultural Sites

Frank Matero, University of Pennsylvania

Application of Threshold Concepts to Management Decision-
making

Mark E. Miller, U.S. Geological Survey, Grand Staircase-
Escalante National Monument

Knowledge and Ways of Knowing: Is Science Knowledge the 
Only Paradigm for Resource Management Decisionmaking?

Judith J. Bischoff, Colorado Plateau Cooperative Ecosystem 
Studies Unit, Northern Arizona University

Towards a Regional Vegetation Database Mike Kearsley, Grand Canyon National Park, Division of 
Science and Resource Management

The Role of Science in the Development of Native Plant Materi-
als for the Colorado Plateau

Wayne Padgett, Bureau of Land Management

Infectious Disease and Conservation in North America Jeff Foster, Center for Microbial Genetics and Genomics, 
Northern Arizona University

Ecological and Conservation of the US-Mexico Border Region Matt Skroch, University of Arizona

Conservation Science Education through SCB Chapters Martin Main and Jessica Pratt, North American Section of 
the Society for Conservation Biology Education Chair

Special Session Developers    3
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10th Biennial Proceedings Submissions
Interested individuals are invited to publish research presented at the 10th Biennial Conference for Research on 
the Colorado Plateau in the 10th volume of the biennial conference proceedings series. Submitted papers will be 
refereed and peer reviewed. University of Arizona Press will publish the proceedings as a book. The previous nine 
volumes of the biennial conference proceedings have gained international recognition, being reviewed and summa-
rized in journals such as Conservation Biology, Ecology, and The Southwestern Naturalist. Many of the proceed-
ings chapters are frequently cited by fellow professionals and documented by the Science Citation Index.

Author Instructions: Author instructions can be found at: http://www.usgs.nau.edu/conf2007/authorsguide.
htm

Questions: Questions should be directed to Dr. Charles van Riper, III, telephone: (520) 626-7027, e-mail: 
charles_van_riper@usgs.gov

Deadline for Submissions: December 31, 2009

Submit papers to Dr. Charles van Riper, USGS/SBSC/ Sonoran Desert Research Station, 1110 E. South Campus 
Dr. Room 123, University of Arizona, Tucson, AZ 85721-0033

Status of the 9th volume of the Biennial Conference Proceedings Series
All chapters accepted for the Proceedings of the 9th Biennial Conference of Research on the Colorado Plateau are In 
Press. The book, entitled Cultural, Biological and Physical Research on the Colorado Plateau, Vol. IX, will be pub-
lished by The University of Arizona Press and is scheduled for printing in 2009. A completed mock-up of the book 
will be available at the 10th Biennial Conference for Research on the Colorado Plateau along with order forms from 
The University of Arizona Press. 

Conference Room Locator
High Country Conference Center
210 West Butler Ave., Flagstaff AZ 86001
(928) 523-9521

High Country Conference Center First Floor Plan & Chart
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Conference Room Locator

High Country Conference Center Second Floor Plan & Chart
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Conference Schedule Overview

Monday, October 5, 2009

8:00 am–4:30 pm		  Clients’ Day

5:30 pm	  		  Guest Speaker: Paul Ehrlich, Prochnow Auditorium, Northern Arizona University 		
			   (Book signing to follow presentation) 

7:00–9:00 pm 		  Kick-Off BBQ and Social, North Union (building connected to Prochnow 			 
			   Auditorium), Northern Arizona University

Tuesday, October 6, 2009

7:45–8:00 am		  Official Introduction 

8:00–10:00 am		  Conserving Connectivity in Changing Landscapes, Part I (Special Session)

8:00–10:00 am		  Conservation and Aquatic Systems (General Session)

8:00–10:00 am		  Vegetation Conservation (General Session) 

10:00–10:20 am		  Break

10:20 am–12:20 pm	 Conserving Connectivity in Changing Landscapes, Part I (cont.) (Special Session)

10:20 am–12:40 pm	 Ecology of Aquatic Systems (General Session)

10:20 am–12:20 pm	 Forest Ecosystem Dynamics (General Session)

12:20–1:30 pm		  Lunch

12:30–2:00 pm		  An Innovative Federal and Tribal Partnership: Kasha-Katuwe Tent Rocks National 		
			   Monument, New Mexico (Workshop and Lunch)

12:30–2:00 pm		  Department of Defense Environmental Funding Programs: Conservation-Related 		
			   Research in the Southwest and Future Funding Opportunities (Workshop and Lunch)

12:30–2:00 pm		  SCB Colorado Plateau Chapter Meeting (Lunch Meeting) 

1:30–3:30 pm		  Conserving Connectivity in Changing Landscapes, Part II (Special Session)

1:30–3:30 pm		  Collaborative Cultural Resource Management: Museum of Northern Arizona and 		
			   Grand Canyon National Park Investigations Along the Colorado River (Special 		
			   Session)
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1:30–3:30 pm		  Happy 10th Birthday to the Cooperative Ecosystems Studies Units: Where Will the 		
			   Next Decade Take Us? (Special Session)

1:30–3:30 pm		  Large-Scale Conservation I (General Session)

3:30–3:50 pm		  Break

3:50–6:10 pm		  Conserving Connectivity in Changing Landscapes, Part III (Special Session)

3:50–6:10 pm		  Collaborative Cultural Resource Management: Museum of Northern Arizona and 		
			   Grand Canyon National Park Investigations Along the Colorado River (cont.) (Special 	
			   Session)

3:50–5:50 pm		  Integrating Science into Public Process and Water Resource Decisionmaking: 		
			   Process and Progress of Dolores River Dialogue (Special Session)

3:50–4:50 pm		  Large-Scale Conservation II (General Session)

7:00–9:30 pm		  Poster Session

8:00–10:00 pm		  Film Showing, with Expert Panel Q&A to Follow: “11th Hour” - Free to the public

Wednesday, October 7, 2009	

8:00–9:50 am	  	 Climate Change and Its Impacts I (General Session)

8:00–9:50 am	  	 Ungulates and Predators in National Parks: What Can We Learn by Comparing 		
			   Notes Across Bioregions? (Special Session)

8:00–10:10 am	  	 The Role of Science in the Development of Native Plant Materials (Workshop)

8:00–10:10 am		  Collaborative Herpetofauna Research in the Desert Southwest and Its Riparian 		
			   Areas (Special Session) 

9:50–10:30 am		  Break

10:30–12:10 am		  Climate Change and Its Impacts II (General Session)

10:30 am–12:30 pm	 Future Directions for Conservation Planning in the West: Lesson from a Northwest 		
			   Forest Plan (Special Session)

10:30 am–12:30 pm	 Understanding the Human Dimensions of Sustainability at Landscape-Level 		
			   Conservation (Special Session)

10:30 am–12:30 pm	 Extreme Weather(ing): Measuring, Modeling and Predicting Change at Colorado 		
			   Plateau Cultural Sites (Special Session)

12:30–2:00 pm		  Lunch
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12:30–2:00 pm		  Student Mixer: Advice for Entering the Job Market (front lawn of North Main, 		
			   Northern Arizona University campus) (Lunch)

12:30–2:00 pm		  SCB North America Section Meeting (Lunch)

2:00–4:50 pm		  Ecology of Mammals and Birds (General Session)

2:00–4:50 pm		  Application of Threshold Concepts to Management Decisionmaking (Special 		
			   Session)

2:00–4:50 pm		  Knowledge and Ways of Knowing: Is Science Knowledge the Only Paradigm for 		
			   Resource Management Decisionmaking? (Special Session)

2:00–4:50 pm		  Towards a Regional Vegetation Database (Workshop)

2:30–4:00 pm		  SCB North America Section Board of Directors Meeting (Meeting)

7:00–9:30 pm		  Plated Dinner, High Country Conference Center

Thursday, October 7, 2009

8:00–9:50 am		  Infectious Disease and Conservation in North America (Special Session)

8:00–9:50 am		  Ecology and Conservation of the US-Mexico Border Region (Special Session)

8:00–9:50 am		  Collaborative Management and Natural Systems I (General Session)

8:00–9:50 am		  Conservation Science Education through SCB Chapters (Workshop)

9:50–10:20 am		  Break

10:20 am–12:20 pm	 Infectious Disease and Conservation in North America (Special Session)

10:20–11:20 am		  Ecology and Conservation of the US-Mexico Border Region (Special Session)

10:20 am–1:00 pm		 Collaborative Management and Natural Systems II (General Session)

9:50 am–12:20 pm		 Conservation Science Education through SCB Chapters (Workshop)
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Special Session—Conservation Policy 
Challenges and Perspectives

Time: 9:00 am–12:00 pm

Location: Humphreys

Guest Speakers

Bud C. Cribley, Deputy Assistant Director, •	
Renewable Resources and Planning, Bureau of 
Land Management

John Fitzgerald, Policy Director, North America, •	
Society for Conservation Biology

John Freemuth, Boise State University,    •	
Departments of Political Science and Public 
Policy and Administration

Suzette M. Kimball, Acting Director, U.S. •	
Geological Survey

Kieran Suckling, Director, Center for Biological •	
Diversity

 

Special Session—Colorado Plateau, Rocky 
Mountain, Desert Southwest Cooperative 
Ecosystem Studies Units Joint Meeting 

Time: 8:00 am–12:00 pm

Location: Doyle/Rees

SCB Chapter Lunch Workshop 
Time: 12:00–1:30 pm

Location: Ponderosa Board Room

Problem-Solving Session—Collaborative 
Conservation

Time: 1:30–4:30 pm

Location: O’Leary, Drury Inn (Room 133) 

Problem-Solving Session—Energy 
Development and Conservation

Time: 1:30–4:30 pm

Location: Humphreys

Problem-Solving Session—Connectivity
Time: 1:30–4:30 pm

Location: Ponderosa Board Room

Problem-Solving Session—Climate Change 
and Water

Time: 1:30–4:30 pm

Location: Elden Board Room, Drury Inn (Room 137)

Breakout Meeting—CESUs
Time: 1:30–4:30 pm

Location: Doyle (Colorado Plateau CESU), Rees 
(Rocky Mountain CESU), and Freemont 
(Desert Southwest CESU)

Breakout Meeting—USGS-NAU Climate 
Change Workshop

Time: 1:30–4:30 pm

Location: McMillan, Drury Inn (Room 126)

GUEST SPEAKER: PAUL EHRLICH

Monday, October 5, 2009— 5:30pm

Prochnow Auditorium, Northern 
Arizona University

Book Signing to Follow 
Presentation 

BBQ and social to follow Paul Ehrlich 
presentation at the North Union (the 
building connected to Prochnow 
Auditorium) 

Conference Schedule 

Clients’ Day—Monday, October 5, 2009

Conference Schedule     11
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Tuesday, October 6, 2009—Morning Sessions

Conserving Connectivity in Changing Landscapes

Part I: Studying and modeling wildlife movement and ecological connectivity
Location: Humphreys
Moderators: Allison Jones, Wild Utah Project

8:00–8:20 am 	 JODY HILTY – Wildlife Conservation Society: conserving extensive connectivity in 	
				    contested landscapes

8:20–8:40 am	 PAUL BEIER, Graves – An overview of science-based approaches to wildlife link		
				    ages design

8:40–9:00 am	 ALLISON JONES, W. Bates – Least cost path modeling for lynx in the middle Rockies

9:00–9:20 am	 KEVIN CROOKS, J. Tracey, S. VandeWoude – Agent-based movement models to 		
				    assess functional connectivity and disease transmission in fragmented 			 
				    landscapes

9:20–9:40 am	 DAVE THEOBALD – Incorporating land use change into landscape connectivity: an 	
				    assessment of US natural landscapes from 1992 to 2030

9:40–10:00 am	 DAN MAJKA – ArcGIS tools for designing least-cost linkages for multiple focal species

10:00–10:20 am	 Break

Conservation and Aquatic Systems	

Location: Doyle
Moderator: To be determined

8:00–8:20 am	 DANIEL DAUWALTER, J. Sanderson, J. Williams, J. Sedell – Establishing a 		
				    framework for multi-species fish conservation on mid-sized streams of the Upper 	
				    Colorado River basin

8:20–8:40 am	 STACY STUMPF, S. Monroe, L. Thomas – Design and implementation of long-term 	
				    monitoring of aquatic macroinvertebrates in National Parks on the Colorado 		
				    Plateau

8:40–9:00 am	 DALE TURNER – Priorities for biodiversity conservation in the Verde River 		
				    watershed

9:00–9:20 am	 MARK McKINSTRY – Recovering endangered fish in the San Juan River using 		
				    adaptive management

9:20–9:40 am	 PATRICIA WEST, S. Viglucci, D. Smith, W. Auberle – Valuing the Verde River: 		
				    community input for decisionmaking

9:40–10:20	 am	 Break



Tuesday, October 6, 2009—Morning Sessions (cont.)

Vegetation Conservation

Location: Fremont
Moderator: To be determined

8:00–8:20 am	 JAMES FOWLER, C. Hull Sieg – Population ecology of two alpine endemics: 		
				    Packera franciscana and Erigeron mancus

8:20–8:40 am 	 JUDITH SPRINGER, S. Abella, T. Dekoker – A survey of monitoring and 			 
				    management activities for conserving rare plants in national parks and protected 	
				    areas, Arizona and Nevada

8:40–9:00 am	 CHRISTINE ALBANO, B. Dickson, E. Aumack – Landscape-scale predictors of 		
				    cheatgrass invasion across the lower elevations of the Kaibab Plateau in northern 	
				    Arizona

9:00–9:20 am	 SCOTT HOFFMAN, M. Brunson, J. Belnap – A preliminary investigation of dust 		
				    production and associated vegetation impacts on the Colorado Plateau

9:20–9:40 am	 SCOTT ABELLA, C. Denton – Variation in reference conditions among terrestrial 		
				    ecosystem survey units on a northern Arizona landscape

9:40–10:00 am	 LEVI JAMINSON, N. Arment, C. Tate – Distribution and expansion of Diorhabda 		
				    elongate across the Colorado Plateau

10:00–10:20 am	 Break

Conserving Connectivity in Changing Landscapes

Part I: Studying and modeling wildlife movement and ecological connectivity (cont.)
Location: Humphreys
Moderators: Allison Jones, Wild Utah Project

10:20–10:40 am	 BRAD McRAE, B. Dickson, V. Shah – Using circuit theory to prioritize habitats for 		
				    connectivity conservation

10:40–11:00 am	 HEALY HAMILTON, P. Coppolillo – Projecting climate change impacts on species 		
				    distributions in the West in support of connectivity conservation

11:00–11:20 am	 BRIAN BROST, P. Beier – Conserving the stage, not the actors: using land facets to 	
				    conserve connectivity in a changing climate

11:20–11:40 am	 GARY TABOR – Connectivity conservation and climate adaptation: large landscape 	
				    lessons from Yellowstone to Yukon Conservation Initiative

11:40 am–12:00 pm	 ROBERT F. BALDWIN, R. Perkl, S. Trombulak – Ecoregional landscape networks: 		
				    connectivity for species most sensitive to landscape transformation

12:00–12:20 pm	 Part I Discussion

12:20–1:30 pm	 Lunch

Tuesday, October 6, 2009—Morning Sessions    13
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Tuesday, October 6, 2009—Morning Sessions (cont.)	

Ecology of Aquatic Systems

Location: Doyle
Moderator: To be determined

10:20–10:40 am	 ANGELA MOLINE, N. L. Poff, D. Theobald – The relationship between stream-flow 	
				    and aquatic insect communities in small, unregulated Colorado Plateau streams

10:40–11:00 am	 ERIN MURCHIE, S. McNaught, J. Granet, M. Anderson – Spatial distribution of E. 		
				    Coli and environmental factors influencing its abundance in a freshwater desert 		
				    beach recreational area

11:00–11:20 am	 MICHELLE HAAS, M. Anderson, C. Hackbarth, C. Hughes – Preventing zebra and 		
				    quagga mussels in Lake Powell

11:20–11:40 am	 MARK ANDERSON, E. Murchie, C. Hackbarth, C. Hughes – Protecting public health 	
				    at Lake Powell

11:40 am–12:00 pm	 BRYAN HAMILTON – Groundwater withdrawal: how will it affect small mammals?

12:00–12:20 pm	 ADINA MERENLENDER, M. Dietch, T.E. Grantham, S. Feirer – An integrated 		
				    landscape model for upland stream-flow recovery and improved water security

12:20–12:40 pm	 STACEY, PETER, Allison L. Jones, and Jim C. Catlin – Development of a region-wide 	
				    database for RSRA surveys of the functional condition of southwestern stream and 	
				    riparian areas

12:40–1:30 pm	 Lunch

Forest Ecosystem Dynamics

Location: Fremont
Moderator: To be determined

10:20–10:40 am	 VALERIE KURTH, S. Hart, P. Fule, J. Kaye – Nitrogen dynamics along a 33-year 		
				    stand-replacing wildfire chronosequence in Southwestern Ponderosa 			 
				    Pine Forests

10:40–11:00 am	 PETER FULE, J. Korb, R. Wu – Changes in forest structure of a dry mixed confider 		
				    forest in the Southwestern Colorado, USA

11:00–11:20 am	 CHRISTOPHER McGLONE, T. Kolb, C. Sieg, P. Fule, J. Belnap – The persistence of 		
				    native and cheatgrass dominated communities in a recently invaded Ponderosa 		
				    Pine Forest

11:20–11:40 am 	 MELISSA SAVAGE, J. Mast, J. Feddema – Post-fire recovery of Ponderosa Pine 		
				    forest during drought

11:40 am–12:00 pm	 DANIEL LAUGHLIN – Long-term changes in structure, composition and function in 	
				    a ponderosa pine forest ecosystem 

12:00–12:20 pm	 LAUREN MORK, T. Sisk, E. Aumack, J. Heyneman – Livestock grazing following 		
				    wildfire: understory community response in an upland ponderosa pine forest

 12:20–1:30 pm	 Lunch



Tuesday, October 6, 2009—Afternoon Sessions

Conserving Connectivity in Changing Landscapes

Part II: Putting connectivity on the statewide or regional map
Location: Humphreys
Moderators: Allison Jones, Wild Utah Project

1:30–1:50 pm	 BRAD MCRAE – Washington Wildlife Habitat Connectivity Working Group:   		
				    Washington’s approach to identifying opportunities to conserve connectivity at 		
				    multiple scales

1:50–2:10 pm	 WAYNE SPENCER, K. Penrod – Statewide connectivity mapping in California: from 	
				    expert arrows (2000) to modeled surfaces (2010)

2:10–2:30 pm	 BRUCE EILERTS, J. Mikolajczyk, S. Nordhaugen, S. Reif – Conserving critical wild		
				    life habitats and corridors in Arizona: the Arizona wildlife linkages assessment and 	
				    beyond

2:30–2:50 pm 	 TOM Hoctor, M. Carr P. Zwick – Identifying and protecting connectivity in Florida 	
				    and Southeastern United States

2:50–3:10 pm	 PAUL EAGLES, E. Mayfarth, O’ Hara, G. Whitelaw – Moving from landscape    		
				    connectivity theory to land use planning practice: the city of Oakville

3:10–3:30 pm	 Part II Discussion

3:30–3:50 pm	 Break

Collaborative Cultural Resource Management: Museum of Northern Arizona and Grand 
Canyon National Park Investigations Along the Colorado River 

Location: Doyle
Moderator: Ted Neff, Museum of Northern Arizona

1:30–1:50 pm	 TED NEFF – Introductory remarks

1:50–2:10 pm	 JANET BALSOM, L. Leap, J. Dierker – Preservation and public archaeology: Grand 	
				    Canyon National Park’s Colorado River archaeological project

2:10–2:30 pm	 JIM COLLETTE – Shinarump becomes you: the evolving ceramics in Grand 		
				    Canyon prehistory

2:30–2:50 pm	 ELLEN BRENNAN, I. Hough – Pre-Colombian architecture of the East Grand 		
				    Canyon River Corridor: patterning, settlement evidence, and culture

2:50–3:10 pm	 JASON NEZ – Looking up: a Native American archaeologist’s perspective on 		
				    archaeology in Grand Canyon

3:10–3:30 pm 	 KRISTIN BROWN, K. Anderson, T. Neff – 3D visualizations and animations of 		
				    archaeological sites along the Colorado River offer valuable insight to 			 
				    researchers, managers, and to the public

3:30–3:50 pm	 Break

Tuesday, October 6, 2009—Afternoon Sessions    15
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Tuesday, October 6, 2009—Afternoon Sessions (cont.)

Happy 10th Birthday to the Cooperative Ecosystem Studies Units: Where Will the Next 
Decade Take Us?

Location: Fremont
Moderator: Kathy Tonnessen, NPS, RM-CESU

1:30–1:40 pm	 Introductory remarks

1:40–2:00 pm	 PERRY BROWN – Evolution of the CESU Network: 10 years of success

2:00–2:10 pm	 TOM FISH – The way forward with the CESU Network: new collaborations and 		
				    new directions

2:10–2:30 pm	 RON D. HIEBERT – The Colorado Plateau CESU: seeing it from both sides of the 		
				    fence

2:30–2:50 pm 	 BEN BALDWIN, B. Bobowski, J. Visty – Internships across the Intermountain 		
				    West: training students to be our next generation of resource managers 		
				    through the CESU’s 

2:50–3:10 pm	 TRINKLE JONES, P. O’Brien, cultural resource expert (To be determined)– The role 	
				    of the CESU’s of the National Park Service, Intermountain Region in getting support 	
				    for cultural resource managers in our parks

3:10–3:30 pm	 KATHY TONNESSEN, P. Brown, T. Fish – How CESUs can advance climate change 	
				    science and assist managers with adaptation, mitigation and education about the 	
				    effects on resources

3:30–3:50 pm	 Break

Large-Scale Conservation I

Location: Rees
Moderator: To be determined

1:30–1:50 pm	 DONALD LIPSCOMB, R. Baldwin, J. Levine – A North American protected areas 		
				    database for continental-scale conservation planning

1:50–2:10 pm	 ROBERT BALDWIN, D. Lipscomb – One third of North American protected areas 		
				    have greater human impact inside than outside

2:10–2:30 pm	 MARIETTA EATON, H. Aarons – The National Landscape conservation system and 	
				    collaborative concepts for the Colorado Plateau

2:30–2:50 pm	 WALTER FERTIG, L. Whitham – Knowing the cogs and the wheels: the utility of bio-	
				    blitzes for conservation

2:50–3:10 pm	 LAWRENCE STEVENS – Rare or precinctive macroinvertebrates in the Grand 		
				    Canyon ecoregion, Southwestern USA

3:10–3:30 pm	 KAREN ROOT – A multispecies approach for conserving rare and vulnerable 		
				    species across many scales in the oak openings region

3:30–3:50 pm	 Break



Tuesday, October 6, 2009—Afternoon Sessions (cont.)

Conserving Connectivity in Changing Landscapes

Part III: Implementing linkage design
Location: Humphreys
Moderators: Allison Jones, Wild Utah Project

3:50–4:10 pm	 JOEL BERGER – What does it take to conserve a migration corridor?

4:10–4:30 pm	 JEFF JENNESS, P. Beier – Making good compromises in implementing wildlife 		
				    linkage designs

4:30–4:50 pm	 RAY SCHWEINSBURG, J. Gagnon – Implementation of wildlife corridor designs in 	
				    Arizona

4:50–5:10 pm	 SHERRY RUTHER – Implementation of linkage design at the local level: Arroyo 		
				    Grande as state of the art

5:10–5:30 pm	 GRAHAM WHITELAW, P. Eagles – The role of conservation biology in the 		
				    establishment of a natural heritage system for the Oak Ridges Moraine, 			
				    Ontario Canada

5:30–5:50 pm	 KRISTEN PENROD - Five years of success and challenges in implementing linkage 	
				    designs in Southern California

5:50–6:10 pm	 Part III Discussion

Collaborative Cultural Resource Management: Museum of Northern Arizona and Grand 
Canyon National Park Investigations Along the Colorado River (cont.)

Location: Doyle
Moderator: Ted Neff, Museum of Northern Arizona

3:50–4:10 pm	 KIRK ANDERSON, T. Neff – Applying geomorphic studies to understanding past 		
				    human adaptation in Grand Canyon National Park

 4:10–4:30 pm	 DAWN KISH – Dawn Kish Photography: Documenting new excavations along the 	
				    Colorado River corridor for the Museum of Northern Arizona and Grand Canyon 		
				    National Park 

4:30–4:50 pm	 MARY JANE WRIGHT – Micro and macro paleoethnobotany in the Grand Canyon 	
				    River corridor: the Palasides Site

4:50–5:10 pm	 DON KELLER – Excavation of structure 4, arroyo 5, at the Furnace Flats Site

5:10–5:30 pm	 KIMBERLY SPURR – The Furnace Flats Site as viewed from arroyo 6 excavations

5:30–5:50 pm	 TED NEFF, K. Anderson, K. Brown – Axehandle Alcove: a well-stratified record of 		
				    Holocene human occupation and Colorado River flooding

5:50–6:10 pm	 TOM BARTELS – Digital media for public outreach and education: recent 		
				    archaeology in Grand Canyon National Park 

Tuesday, October 6, 2009—Afternoon Sessions (cont.)    17
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Tuesday, October 6, 2009—Afternoon Sessions (cont.)

Integrating Science into Public Process and Water Resource Decisionmaking: Process and 
Progress of the Delores River Dialogue

Location: Fremont
Moderator: Carolyn Dunmire, Dolores River Dialogue Member

3:50–4:00 pm	 CAROLYN DUNMIRE – Introductory remarks

4:00–4:20 pm	 MICHAEL PRESTON, C. Wanner – Formation of the Delores River Dialogue and 		
				    creating the plan to proceed

4:20–4:50 pm	 JIM SISCOE, A. Oliver, D. Graf – Science and the Delores River Dialogue

4:50–5:20 pm	 MARSHA PORTER-NORTON, C. Anderson, R. Carver – Integrating science and 		
				    flow constraints into management actions

5:20–5:50 pm	 Discussion

Large-Scale Conservation II

Location: Rees
Moderator: To be determined

3:50–4:10 pm	 KAREN RICHARDSON – Harmonized data for North America: a tool to track 		
				    change

4:10–4:30 pm	 DAVID DAVIDSON – A transparent, elemental, and effective procedure for the 		
				    evaluation of connectivity by corridors

4:30–4:50 pm	 RYAN PERKL, R. Baldwin – Comparing landscape networks at the ecoregion scale: 	
				    can we expect corridor “umbrellas”?

Tuesday, October 6, 2009—Workshops and Meetings 

An Innovative Federal and Tribal Partnership: Kasha-Katuwe Tent Rocks National 
Monument, New Mexico (Workshop and Lunch)

Location: Rees
Moderator: Edwin Singleton, Bureau of Land Management

12:30–1:30 pm	 EDWIN SINGLETON, F. Pecos 

Department of Defense Environmental Funding Programs: Conservation-Related Research 
in the Southwest and Future Funding Opportunities (Workshop and Lunch)

Location: Kendrick, Drury Inn (Room 134)
Moderator: John Hall, SERDP/ESTCP

12:30–2:00 pm 	 JOHN HALL 

SCB Colorado Plateau Chapter Meeting

Location: Beaver Street Brewery, 11 S. Beaver Street
Moderators: All members

12:30–2:00 pm



Tuesday, October 6, 2009—Poster Session
Time: 7:00–9:30 pm
Location: High Country Conference Center Lobby
Moderator: Charles Drost, U.S. Geological Survey

Scott Abella1.	  – Managing Gambel oak in ponderosa pine forests: the status of knowledge

Christine Albano, L. M2.	 akarick, J. Nielsen, T. Carlson, C. Tate, K. Watters, T. Walton – The Colorado Plateau 	
	 initiative: pro-actively addressing the need for a collaborative approach to riparian restoration on the 		
	 Colorado Plateau in light of the rapid expansion of the tamarisk beetle, diorhabda elongate

Christine Armiger, 3.	 P. Palmiotto, D. Smith – Measuring ecosystem services on agricultural land to evaluate 	
	 the ecological impacts of various farming methods and farm extension programs

Zachary Bischoff-Mattson, 4.	 D. Mattson – Effects of simulated mountain lion caching on prey-like 		
	 carcasses

MArK Bruson5.	  – A behavior-based model of ecological change in coupled human-natural systems: the case 	
	 of invasive plants in the U.S. Southwest

KAtie carr, M. l6.	 ee – If you preserve it, they will come: an in depth look at visitors to El Morro National 		
	 Monument

Chris Erickson, K. W7.	 aring – Landscape-scale old Ponderosa Pine mortality at Mt. Trumball, Northern 		
	 Arizona

James fowler, C. 8.	 Hull Seig – Population ecology of two alpine endemics: Packera franciscana and 		
	 Erigeron mancus

joseph ganey, S. V9.	 ojta – Trends in snag populations in northern Arizona mixed-conifer and Ponderosa Pine 	
	 forests

joseph ganey, S. V10.	 ojta – Amounts and types of coarse woody debris in northern Arizona mixed-conifer and 	
	 Ponderosa Pine forests

brent carl hetzler11.	  – Using lightweight sound recorders to supplement Mexican Spotted Owl research

anna higgins, 12.	 A. Thode, K. Waring, E. Gdula, W. Bunn – Mixed conifer regeneration following fires of mixed 	
	 severities of the past twenty years in Grand Canyon National Park

Jennifer holmes, M. 13.	 Johnson – Habitat-based bird community monitoring in National Parks of the 		
	 southern Colorado Plateau network: monitoring design and uses

HILLARY HUDSON, S. Sesnie, B. Dickson, R. Hiebert, and L. Thomas – Applying landstat TM satellite imagery 	14.	
	 to detection and management of invasive exotic species across jurisdictional boundaries in and around 		
	 Walnut Canyon National Monument

Elizibeth Kalies15.	 , C. Chambers, W. Covingtion – Meta analysis indicates thinning and burning treatments 		
	 have positive effects on wildlife densities in southwestern conifer forests

JULIE KORB, E. Lehmer – Sudden aspen decline in Southwest Colorado: establishing a long-term monitoring 	16.	
	 research program

rebecca lieberg, M. M17.	 iller, R. Mann, C. Decker, K. Davidson – Propagation of the endangered shivwits 		
	 milk-vetch (Astragalus ampullarioides), Washington County, Utah

STEPHEN MONROE, C. Albano, K. Watters, S. Rice, D. Burger – A collaborative inventory of springs in the 		 18.	
	 Grand Canyon region

SHAWN NEWELL, M. Boyle, K. English, J. Nielsen, T. Walton – Restoring rivers and building 		 19.	
	 a restoration workforce: a USDI National Park Service, ecological monitoring and assessment 		
	 program, and Working for Rivers partnership

Tuesday, October 6, 2009—Poster Session    19
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JAMIE NOGLE, A. DeWoody – Predicting and monitoring traffic induced vertebrate mortality near wetlands20.	

SUZANNE OWEN, C. Hull Sieg, C. Gehring – Effectiveness of shrub seeding and herbicide application in 		 21.	
	 restoring cheatgrass-invaded burned areas

LOUIS PECH, T. Graham – Beetle diversity of three management zones in Salt Creek Canyon, Canyonlands 		 22.	
	 National Park, UT

STEPHEN PITTS, R. Neilson, B. Rogers, M. McGlinchy, J. Lenihan, R. Drapek, J. Wells – Climate impacts on 		 23.	
	 the Colorado Plateau: (II) Complexities emerge through high-resolution simulations

KARISSA RAMSTEAD, J. Allen – Preliminary results of a systematic review of wet meadow restoration24.	

STEVEN SESNIE, B. Dickson, J. Rundall, T. Sisk – Assessment of mixed conifer forest 				   25.	
	 conditions, North Kaibab Ranger District, Arizona USA

KENNETH STELLA, C. Hull Sieg, P. Fule – Minimal effectiveness of seeding following three high-severity 		 26.	
	 wildfires

CAMILLE STEVENS-RUMANN – Post-fire fuel loading on two 2000 wildfires27.	

K.A. THOMAS, J.F. Weltzin, A. Miller-Rushing, T. Crimmins – Phenology in the Southwest28.	

TRAVIS WIGGINS – Volunteer stewardship: a critical component of collaborative conservation networks29.	

Free Showing of the Documentary “11th Hour”

Time: 8:00–10:00 pm

Location: Prochnow Auditorium, Northern Arizona University
30 minute question and answer session with expert panel immediately following the film

Wednesday, October 7, 2009—Morning Sessions 

Climate Change and Its Impacts I

Location: Humphreys
Moderator: To be determined

8:00–8:10 am	 Introductory remarks

8:10–8:30 am	 STEPHANIE McAFEE, J. Russell – Evaluating precipitation projections for the 		
				    Southwestern United States	

8:30–8:50 am	 ZHUOTING WU, G. Kock, P. Dijkstral, B. Hungate – Ecosystem carbon balance 		
				    under climate manipulations along an elevation gradient

8:50–9:10 am	 RONALD NEILSON, S. Pitts, B. Rogers, M. McGlinchy, J. Lenihan, R. Drapek, J. 		
				    Wells – Climate impacts on the Colorado Plateau: (I) A nested scale experiment

9:10–9:30 am	 JOSHUA MILLER – Testing recent surficial mammalian bone assemblages as 		
				    sources of high-quality historical community data: a new resource for 			 
				    conservation and management

9:30–9:50 am	 KENNETH COLE, K. Ironside, J. Eischeld, G. Garfin, P. Duffy, C. Toney – Using past 		
				    and ongoing vegetation and climate change to model the future: an example using 	
				    Joshua Tree

9:50–10:30 am	 Break



Wednesday, October 7, 2009—Morning Sessions (cont.)

Ungulates and Predators in National Parks: What Can We Learn by Comparing Notes 
Across Bioregions?

Location: Doyle
Moderator: Ron Hiebert, Northern Arizona University

8:00–8:10 am	 Introductory remarks

8:10–8:30 am	 DAVID MATTSON – No park is an island: mountain lions on the southern Colorado 	
				    Plateau

8:30–8:50 am	 HILARY COOLEY – Recent investigations into the effects of hunting on mountain 		
				    lions in Western states

8:50–9:10 am	 BRANDON HOLTON, D. Mattson – Free water selection by large vertebrates: 		
				    implications for wildlife management

9:10–9:30 am	 THERESE JOHNSON, J. Mack, B. Bobowski – Managing elk in the absence of an 		
				    intact ecosystem: challenges in Rocky Mountain National Park

 9:30–9:50 am	 JESSICA GIST – Managing predators across boundaries: lessons from the 		
				    Mexican Wolf introduction 

9:50–10:30 am	 Break

The Role of Plant Materials in the Development of Native Plant Materials for the Colorado 
Plateau

Location: Fremont
Moderator: Wayne Padgett, Bureau of Land Management

8:00–8:30 am	 WAYNE PADGETT – BLM and US Forest Service policies and efforts to increase 		
				    the availability native plant materials for restoration efforts on the Colorado 		
				    Plateau: Colorado Plateau Native Plan Initiative (CPNPI) Five-Year Strategy

8:30–8:50 am	 David Dreesen – Planting methods for the Colorado Plateau and other arid areas

8:50–9:10 am	 JAMES CANE – Pollination, pollinators, and promise for forb seed farming and 		
				    sustainable rehabilitation

9:10–9:30 am	 BOB HAMMON – Managing some unique pests of mountain brome and blue wild 	
				    rye

9:30–9:50 am	 ANDREA KRAMER, J. Fant – The role of reproductive ecology and conservation 		
				    genetics of plant species on ecosystem restoration

9:50–10:10 am	 VERLIN SMITH – Strategies for natural resource management under changing 		
				    climates: the role of science

10:10–10:30 am	 Break
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Wednesday, October 7, 2009—Morning Sessions (cont.)

Collaborative Herpetofauna Research in the Desert Southwest and Its Riparian Areas

Location: Rees
Moderator: Erika Nowak, U.S. Geological Survey, Northern Arizona University

8:00–8:10 am	 ERIKA NOWAK – Introductory remarks

8:10–8:30 am	 SUSAN R. MacVEAN, S. Hedwall, C. Drost – Establishment of a Northern leopard 		
				    frog refuge population in northern Arizona

8:30–8:50 am	 CHARLES A. DROST, Jeffrey E. Lovich – Population decline of Sonora mud turtle 		
				    (Knosternon sonoriense) at Montezuma Well, Arizona

8:50–9:10 am	 JEFFREY LOVICH, S. Madrak, C. Drost, A. Monatesti, D. Casper, M. Znari – 		
				    Reproductive ecology of female Sonora mud turtles (Kinosternon sonoriense) at 		
				    Montezuma Well, Arizona: optimal egg size in a suboptimal environment?

9:10–9:30 am	 CLAIRE CROW – Status and stewardship of desert tortoises in Springdale, Utah

9:30–9:50 am	 VALERIE BOYARSKI – Tracking the persistence of Northern Mexican gatersnakes 	
				    (Thamnophis eques megalops) in the presence of nonnative predators in a high 		
				    modified system in Arizona

9:50–10:10 am 	 CALEB LOUGHRAN, E. Eddy – Documenting herpetofauna of the Colorado Plateau 	
				    as a conservation effort

Climate Change and Its Impacts - II

Location: Humphreys
Moderator: To be determined

10:30–10:50 am	 JAMES CATLIN – Responding to climate change, range management that 		
				    promotes resilient habitat

10:50–11:10 am	 LARISSA SOMMER – Climate change impacts on rural Alaska’s natural resource 		
				    harvesting practices

11:10–11:30 am	 JACOB GIBSON, T. Edwards, G. Moisen – Forecasting climate-induced distribution 	
				    shifts for the pinon-juniper complex of the Western United States

11:30–11:50 am	 NICHOLE BARGER, C. Woodhouse – Impacts of changing climate on Pinon Pine 		
				    (Pinus edulis) growth in Southwestern Utah

11:50–12:10 am 	 Dominick DELLASALA, M. Koopman, R. Nauman, B. Barr, C. Deacon 			 
				    Williams, R. Hamilton, B. Doppelt – Preparing for climate change by 			 
				    bringing multiple interests together to design preparation strategies in 			 
				    Oregon and California basins



Wednesday, October 7, 2009—Morning Sessions (cont.)

Future Directions for Regional Conservation Planning in the Western United States: 
Lessons from the Northwest Forest Plan

Location: Doyle
Moderator: Caros Carroll, Klamath Center for Conservation Research

10:30–10:50 am	 CARLOS CARROLL – Conservation implications of coarse-scale versus fine-scale 	
				    management of forest ecosystems: are reserves still relevant?

10:50–11:10 am	 DOMINICK DELLASALA – Northwest forest planning under climate change 		
				    adaptation strategies: global model or stuck in the past? 

11:10–11:30 am 	 ERIC FORSMAN, R. Anthony, K. Dugger, E. Glenn, A. Franklin – Populations status 		
				    of Northern Spotted Owls

11:30–11:50 am	 CHRISTOPHER A. FRISSELL – Future directions for conservation of aquatic species 	
				    and ecosystems

11:50 am–12:10 pm 	 CHAD HANSON, D. Odion, D. Dellasala, W. Baker – Overestimation of fire risk in 		
				    Northern Spotted Owl Recovery Plan

12:10–12:30 pm	 REED F. NOSS – The Northwest Forest Plan and current directions in conservation 	
				    planning

Understanding the Human Dimensions of Sustainability and Landscape-Level Conservation

Location: Fremont
Moderator: David C. Fulton, U.S. Geological Survey, University of Minnesota

10:30–10:50 am 	 MICHAEL J. Manfredo – Societal thought and sustainability 

10:50–11:10 am	 MAE DAVENPORT, D. Anderson – Understanding the role of community in 		
				    conservation: examples from watershed management

11:10–11:30 am	 TARA TEEL, M. Manfredo – Understanding human-wildlife conflicts near urban 		
				    centers in the Western United States

11:30–11:50 am	 ERIK NIELSEN, T. Sisk, J. Rundall, S. Sesnie, B. Dickson – Transition to 			 
				    collaboration: agency perspectives of collaborative forest restoration efforts on 		
				    the Kaibab National Forest

11:50 am–12:10 pm	 NATALIE SEXTON, L. Koontz – Understanding the role of visitor management and 		
				    conservation planning of USFWS refuges to promote a conservation 			 
				    network system

12:10–12:30 pm	 DAVID C. FULTON, S. Schroeder, E. Rudberg – Factors influencing conservation of 	
				    privately owned lakescapes
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Wednesday, October 7, 2009—Morning Sessions (cont.)

Extreme Weather(ing) : Measuring, Modeling, and Predicting Change at Colorado Plateau 
Cultural Sites

Location: Rees
Moderator: Frank Matero, University of Pennsylvania

10:30–10:50 am	 FRANK MATERO – Introductory remarks

10:50–11:10 am	 RACHAEL ADLER, M. Henry, F. Matero – An environmental monitoring program for 	
				    Spruce Tree House Alcove Mesa Verde National Park

 11:10–11:30 am	 TARYN D’AMBROGI, R. Mason – A cultural landscape study and site management 	
				    recommendations for Inscription Trail Loop, El Morro National Monument 

11:30–11:50 am	 HELEN FAIRLEY, B. Collins, A. Draut, G. O’Brien, J. Pederson, H. Sondossi – 		
				    Monitoring archaeological site condition within an ecological framework: 			
				    an example from the Colorado River Corridor in Grand Canyon National Park, Arizona

11:50 am–12:10 pm	 JESSICA KOTTKE, J. Hinchman, F. Matero – An investigation of quantifying and 		
				    monitoring stone surface deterioration using three dimensional laser scanning for 	
				    heritage sites 

12:10–12:30 pm	 ALEX LIM, F. Matero, M. Henry – Soft vegetative capping of archaeological 		
				    masonry walls at Mesa Verde National Park 

Wednesday, October 7, 2009—Afternoon Sessions

Ecology of Mammals and Birds

Location: Humphreys
Moderator: To be determined

2:00–2:10 pm	 Introductory remarks

2:10–2:30 pm	 ELLEN CHENG, L. Scott Mills, K. Hodges - Spatial synchrony in snowshoe hares: 		
				    patterns, processes, and who cares?

2:30–2:50 pm	 ELISABETH MERING, C. Chambers - Bat activity increases during summer in 		
				    ponderosa pine forests in northern Arizona

2:50–3:10 pm	 PHILIP HEDRICK – Conservation genetics and North American bison

3:10–3:30 pm	 KATIE STUMPF – Predicting the probability of predation of parasitism on passerine 	
				    nests in riparian habitats: a literature review

3:30–3:50 pm	 SARA BOMBACI, J. Korb – The effects of sudden aspen decline on avian 		
				    biodiversity in Southwest Colorado

3:50–4:10 pm	 KENNETH ETZEL, T. Theimer, M. Johnson, J. Holmes– Potential impact of an exotic 	
				    species on the nesting diet of common black hawks (Buteogallus anthracinus) in 		
				    the Verde River drainage, Central, Arizona

4:10–4:30 pm	 EBEN PAXTON, M. Sogge, T. Theimer, P. Keim – Where should we place the 		
				    Northern boundary of the Southwestern willow flycatcher

4:30–4:50 pm	 SULLIVAN, KATHY, R. Sieg, Chris Parish – Update on voluntary lead reduction 		
				    efforts within the northern Arizona and southern Utah range of the California 		
				    Condor



Wednesday, October 7, 2009—Afternoon Sessions (cont.)

Application of Threshold Concepts to Management Decisionmaking

Location: Doyle
Moderator: Mark E. Miller, U.S. Geological Survey, Grand Staircase-Escalante National Monument  

2:00–2:10 pm	 Introductory remarks

2:10–2:30 pm	 STEVEN L. GARMAN, C. Lauver – Threshold concepts: their relevance to monitor-	
				    ing and management of natural resources

2:30–2:50 pm	 BRANDON T. BESTELMEYER, D. Goolsby, S. Archer – Spatial patterns in alterna-		
				    tive states and thresholds: a missing link for management of landscapes?

2:50–3:10 pm	 MARK E. MILLER – Syndromes of dryland degradation and examples of spatial 		
				    dependence in relation to soil properties and landscape setting

3:10–3:30 pm	 R. TRAVIS BELOTE, M. Miller – Quantifying patterns and using process models to 	
				    detect potential ecological thresholds in semi-arid grasslands of the Colorado 		
				    Plateau

3:30–3:50 pm	 JOHN SPENCE – How can ecological modeling and threshold concepts improve 		
				    resource management decisions at Glen Canyon National Recreation Area?

3:50–4:10 pm	 BARRY BAKER – Climate change and thresholds: managing for more than changes 	
				    in mean temperature and precipitation

4:10–4:30 pm	 DAVID MATTSON – The social-psychology of dominant frames: “thresholds” in 		
				    natural resources management

4:30–4:50 pm	 Panel discussion/questions

Knowledge and Ways of Knowing: Is Science Knowledge the Only Paradigm for Resource 
Management Decisionmaking?	

Location: Fremont
Moderator: Judith J. Bischoff, Colorado Plateau Cooperative Ecosystem Studies Unit, Northern Arizona University

2:00–2:10 pm	 JUDY BISCHOFF – Introductory remarks

2:10–2:30 pm	 DAVID MATTSON – We talk about science and traditional knowledge, but are we 	
				    not really talking about human dignity?

2:30–2:50 pm	 LISA THOMAS – The art of science communication

2:50–3:10 pm	 MICHAH LOMA’OMVAYA – Traditional ecological knowledge: a Hopi perspective

3:10–3:30 pm	 THOMAS D. SISK – Some thoughts on western science and traditional knowledge: 	
				    braiding understanding for sustainable land and resource management

3:30–3:50 pm	 DONNA HOUSE – A Navajo perspective of traditional ecological knowledge

3:50–4:10 pm	 DAVID RUPPERT – Traditional knowledge, cultural preservation, and ecological 		
				    restoration: park science in a new light

4:10–4:30 pm	 MORAN HENN, D. Ostergren – Incorporation of traditional ecological knowledge 		
				    within the National Park Service: a look at the Western United States 			 
				    with an emphasis on the Colorado Plateau
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Wednesday, October 7, 2009—Workshops and Meetings 

Student Mixer: Advice for Entering the Job Market (Workshop and Lunch)

Time: 12:30–2:00 pm 
Location: Front lawn of North Main, Northern Arizona University campus

Towards a Regional Vegetation Database (Workshop)

Location: Rees
Moderator: Mike Kearsley, Grand Canyon National Park, Division of Science and Resource Management

2:00–4:50 pm	 MIKE KEARSLEY, LORI MAKARICK, LISA THOMAS, PETE FULE, NEIL COBB, ETHAN 	
				    AUMACK, DANIELLA ROTH, BARB RALSTON, GLENN BENNETT 

SCB North American Section Meeting

Time: 12:30–2:00 pm

Location: Kendrick, Drury Inn (Room 134)

SCB North American Board of Directors Meeting

Time: 2:30–4:00 pm

Location: Kendrick, Drury Inn (Room 134)

Wednesday, October 7, 2009—Evening 

Plated Dinner

Date: 7:00–9:30 pm

Location: High Country Conference Center 



Thursday, October 8, 2009—Morning Sessions

Infectious Disease and Conservation in North America

Location: Humphreys
Moderator: Jeff Foster, Center for Microbial Genetics & Genomics, Northern Arizona University

8:00–8:10 am	 JEFF FOSTER – Introductory remarks

8:10–8:30 am	 JEFF FOSTER, P. Keim – Infectious disease and conservation: challenges and 		
				    insights for the 21st century

8:30–8:50 am	 DAVID BLEHART, J. Lorch, A. Ballmann, B. Berlowski-Zier, C. Meteyer – White-		
				    nose syndrome: an emerging fungal pathogen

8:50–9:10 am	 PAUL CROSS, W. Edwards, B. Scurlock – Disease in the New West: hierarchical 		
				    mapping of brucellosis increases in Wyoming elk

9:10–9:30 am	 MARM KILPATRICK, P. Daszak, P. Marra, L. Kramer – West Nile virus across 		
				    ecology and impacts in North America

9:30–9:50 am	 LAURIE RICHARDSON, L. Kaczmarsky, A. Miller – Black band disease of corals: 		
				    pathobiology and considerations for coral reef conservation

Thursday, October 8, 2009—Morning Sessions (cont.) 

Ecology and Conservation of the US-Mexico Borderlands Region

Location: Doyle
Moderator: MATT SKROCH, University of Arizona, and ANA DAVIDSON, Instituto de Ecología, Universidad 

Nacional Autónoma de México, University of Arizona 

8:00–8:10 am	 GERARDO CEBALLOS – Introductory remarks

8:10–8:30 am	 DINAH BEAR – Walling off wildlife: how did this happen and what’s next?

8:30–8:50 am	 MATT CLARK – Borderlands RAVE multimedia presentation: photo journal of the 		
				    border wall

8:50–9:10 am	 RURIK LIST – Endangered species and protected areas along the US-Mexico 		
				    border

9:10–9:30 am	 DALE TURNER, G. Bodner – Conservation planning and practice along the US-		
				    Mexico border

9:30–9:50 am	 ANA DAVIDSON, S. Brantley, J. Brown, J. Cruzado, E. Fredrickson, D. Lightfoot, R. 		
				    List, P. Manzano-Fischer, E. Ponce, J. Pacheco, G. Santos, R. Sierra, G. Ceballos – The 	
				    Janos grassland ecosystem: 20 years of synthesis and experimental research 		
				    revealing new insights for conservation and management
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Thursday, October 8, 2009—Morning Sessions (cont.) 

Collaborative Management and Natural Systems I

Location: Fremont
Moderator: To be determined

8:00–8:10 am	 Introductory remarks

8:10–8:30 am	 AVI HENN, D. Ostergren – San Juan River Basin River, stream and riparian 		
				    restoration projects database

8:30–8:50 am	 TOSHA COMENDANT, J. Strittholt, B. Ward, P. Frost – Data basin: expanding 		
				    access to conservation data, tools, and people

8:50–9:10 am	 CHRISTOPHER HOLCOMB – Co-management of North Rim Forests across a 		
				    jurisdictional boundary: a case study

9:10–9:30 am	 JILL RUNDALL, T. Sisk, E. Nielsen, B. Dickson, S. Sesnie, A. Leonard, B. Higgins, 		
				    C. Minor – Kaibab Forest health focus: supporting collaborative decisionmaking 		
				    on ecological restoration and land management at multiple scales

9:30–9:50 am	 YEON-SU KIM – The role of regional economics in restoring the Southwestern 		
				    Ponderosa Pine ecosystems

Infectious Disease and Conservation in North America (cont.)

Location: Humphreys
Moderator: Jeff Foster, Center for Microbial Genetics & Genomics, Northern Arizona University

10:20–10:40 am	 DAVID RIZZO – Sudden oak death in coastal California forests: ecological impacts 	
				    and conservation implications

10:40–11:00 am	 JASON ROHR, T. Raffel, J. Romansic, N. Halstead – Elucidating the relationship 		
				    between climate and global amphibian declines associated with chytridiomycosis

11:00–11:20 am 	 TIM TINKER – Density-dependent diet diversification and individual differences in 	
				    foraging behavior determine risk of disease exposure in Southern sea otters

11:20–11:40 am	 CHARLES van RIPER III, R. Fleischer – Conservation lessons for the Colorado 		
				    Plateau from avian disease in Hawaii

11:40 am–12:00 pm	 DAVID WAGNER, K. Cobble, R. Colman, J. Busch, R. Van Andel – Plague in prairie 	
				    dogs: is there a way forward?

12:00–12:20 pm	 Discussion



Thursday, October 8, 2009—Morning Sessions (cont.) 

Ecology and Conservation of the US-Mexico Borderlands Region (cont.)

Location: Doyle
Moderator: MATT SKROCH, University of Arizona, and ANA DAVIDSON, Instituto de Ecología, Universidad 

Nacional Autónoma de México, University of Arizona 

10:20–10:40 am	 MATT SKROCH – Biodiversity and conservation threats in the Madrean 			 
				    Archipelago of the US-Mexico borderlands

10:40–11:00 am	 ED FREDRICKSON – Collaborative community conservation along the border

11:00–11:20 am	 Discussion

Collaborative Management and Natural Systems II

Location: Fremont
Moderator: To be determined

10:20–10:40 am	 DENVER HOSPODARSKY, M. Lee – A social marketing approach to managing 		
				    resource theft at Petrified Forest National Park

10:40–11:00 am	 KAREN FULLEN – NCRS’ cooperative conservation efforts for Utah prairie dog: a 		
				    network for conservation on private lands

11:00–11:20 am	 JOSE BERNAL-STOOPEN, J. Packard, R. Reading – Binational collaboration in 		
				    endangered species recovery: a framework for consensus analysis

11:20–11:40 am	 MELANIE LAWRENCE – In search of socio-ecological resilience: the importance 		
				    of adaptively managing USFS grazing lands in the Southwest

11:40 am–12:00 pm	 CARRIE CULTRA, T. Sisk, D. Widmark, N. Wallen – Collaborative land management 	
				    and the monitoring of Southwest rangelands

12:20–12:40 pm	 DELA CRUZ, MICHELLE , K. Lyons, T. Johnstone – Restoring riparian ecology, 		
				    history and tradition: Canyon de Chelly National Monument cooperative watershed 	
				    project

12:40–1:00 pm	 JACQUELINE VAUGHN, H. Cortner – Political lessons learned from wildfires: the 		
				    case of San Diego County
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Thursday, October 8, 2009—Workshops and Meetings 

Conservation Science Education through SCB Chapters (Workshop)

Location: Rees
Moderators: Martin Main and Jessica Pratt, SCB-NA Education Chair

8:00 am–12:20 pm	 MARTIN MAIN, A. Neils, J. Pratt
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Abstracts of Presented Papers and Posters

Abstracts are presented alphabetically by first author

MANAGING GAMBEL OAK IN PONDEROSA PINE FORESTS: THE STATUS OF KNOWLEDGE

ABELLA, SCOTT R.1 
1Public Lands Institute and Department of Environmental Studies, University of Nevada Las Vegas, 4505 S. Maryland 
Parkway, Las Vegas, NV 89154-2040, e-mail: scott.abella@unlv.edu

Gambel oak (Quercus gambelii) is a key deciduous tree in southwestern ponderosa pine (Pinus ponderosa) forests 
and is important for wildlife habitat, soil processes, and human values. This poster presents a status of knowledge 
synthesis that: (1) summarizes Gambel oak’s biological characteristics and importance in ponderosa pine forests, (2) 
synthesizes literature on changes in tree densities and fire frequencies since Euro-American settlement in pine-oak 
forests, (3) suggests management prescriptions for accomplishing various oak management objectives (e.g., increas-
ing diameter growth or acorn production), and (4) provides access to 203 Gambel oak literature citations organized by 
subject. Nine studies that reconstructed Gambel oak density changes since settlement in the late 1800s reported that 
densities of small oaks have escalated, with increases ranging from 4- to more than 63-fold. A possible argument for 
passive oak management, that overall oak abundance has decreased, is not supported by published research. Manipu-
lating oak growth forms is one of the main methods for managing oak and ecosystem components affected by oak. 
Published research has classified variants of three basic oak growth forms: shrubby thickets of small stems, pole-sized 
clumps, and large trees. Burning and cutting constitute major prescriptions for manipulating these growth forms, 
whereas pine thinning has most consistently increased oak diameter growth for promoting large oaks. Because of their 
high ecological value, large, old oaks should be retained in any management prescription. Sufficient research has been 
published on which to base some oak management prescriptions, but additional research on poorly understood aspects 
of oak’s ecology is needed to refine and improve oak management.

VARIATION IN REFERENCE CONDITIONS AMONG TERRESTRIAL ECOSYSTEM SURVEY UNITS ON A 
NORTHERN ARIZONA LANDSCAPE

ABELLA, SCOTT R.1, and Charles W. Denton2

1Public Lands Institute and Department of Environmental Studies, University of Nevada Las Vegas, 4505 S. Mary-
land Parkway, Las Vegas, NV 89154-2040, e-mail: scott.abella@unlv.edu; 2Ecological Restoration Institute, Northern 
Arizona University, Flagstaff, AZ 86011-5017, e-mail: charles.denton@nau.edu

The reference conditions of historical tree density and pattern underpin ecological restoration and management of 
Pinus ponderosa forests in western North America, yet potential spatial variation in these variables across the land-
scape remains unclear. We reconstructed historical (1880) tree density and spatial pattern on 1-ha plots at 53 sites 
within a 110,000-ha P. ponderosa landscape in northern Arizona, compared these variables among U.S. Forest Service 
terrestrial ecosystem survey (TES) types, and modeled spatial variation as a function of environmental variables. 
Mean tree density varied 19-fold among nine TES types, and regression trees using four soil or climatic variables 
explained 65-74% of the variation in density. Although density was more sensitive to environmental variation than 
was pattern, we did not find the clumped pattern widely described for P. ponderosa forests to be universal across TES 
types. Results suggest that: (i) environmental variation constrained historical forest structure, (ii) ecosystem classifica-
tion is a useful framework for quantifying spatial variation in reference conditions, (iii) there is as much as variation 
in reference conditions within a landscape as among landscapes, and (iv) determining spatial variation in reference 
conditions can assist resource managers in prioritizing areas for management and developing ecosystem-specific man-
agement strategies within landscapes.

Abstracts of Presented Papers and Posters (listed alphabetically by 1st author) 
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An Environmental Monitoring Program for Spruce Tree House Alcove Mesa Verde 
National Park

Adler, Rachel1, Michael Henry1, and Frank Matero1

1Historic Preservation, University of Pennsylvania, 3451 Walnut Street, Philadelphia, PA 19104, rsadler@design.
upenn.edu, henrmic@design.upenn.edu, FGMATERO@design.UPENN.EDU 

Mesa Verde National Park contains some of the best preserved ancestral puebloan alcove or cliff sites in the country. 
This paper examines Spruce Tree House as a model for monitoring the impacts of environment factors and weathering 
on the deterioration of the alcove and structures. Conditions survey mapped and identified natural phenomena associ-
ated with the most visible damage to the site. Water entering the alcove from the mesa top through horizontal transport 
was the most important factor in plaster and stone deterioration, as opposed to direct wetting from wind-driven snow 
or rain, as was originally thought. A specific monitoring program was proposed in order to verify this hypothesis and 
confirm that deterioration was still an active problem. In the past, preservation at Mesa Verde has focused on remedial 
albeit minimal stabilization of the masonry structures. A comprehensive study of broad deterioration patterns across 
the alcovate sites in the park and the possible causes of these patterns has never been performed. Identifying common 
sources of environmental deterioration site-wide has the potential to lead to a comprehensive maintenance plan that 
could address deterioration through preventive as well as remedial actions, thereby addressing risk by protecting the 
resources from the threat of impending damage before it occurs. Implementation of a monitoring program is the first 
step in this process, as it allows resource specialists to identify patterns and possibly rates of change and establish 
causality, leading eventually to non-invasive preventive and protective resource management. 

LANDSCAPE-SCALE PREDICTORS OF CHEATGRASS INVASION ACROSS THE LOWER ELEVATIONS 
OF THE KAIBAB PLATEAU IN NORTHERN ARIZONA

ALBANO, CHRISTINE1, Brett G. Dickson2, Ethan Aumack3

1Grand Canyon Trust, Flagstaff, AZ 86001 calbano@grandcanyontrust.org; 2School of Earth Sciences and Environ-
mental Sustainability, Northern Arizona University, Flagstaff, AZ 86011 brett.dickson@nau.edu; 3Grand Canyon 
Trust, Flagstaff, AZ 86001 eaumack@grandcanyontrust.org

In the Southwest, non-native invasive plant species pose a significant threat, especially in areas where the struc-
ture and composition of native vegetation have been affected by fire, fire suppression policies, or livestock grazing. 
Identifying landscape-scale predictors of non-native plant establishment can assist land managers in more efficiently 
targeting areas prone to invasion so they can initiate appropriate mitigation measures. Following the purchase of the 
340,000-ha Kane and Two Mile Ranch allotments in 2005, the Grand Canyon Trust initiated a baseline ecosystem 
assessment to characterize existing conditions and to identify restoration priorities across the Kaibab Plateau and 
surrounding areas. Using data from this assessment, we generated a continuous probabilistic model of cheatgrass 
occurrence for the entire Kane and Two Mile Ranches landscape using landscape-scale variables and multi-model 
inference. The model identified fire-affected areas as an important predictor of cheatgrass occurrence and several 
invasion “hot spots” along the lower elevations of the western slope of the Kaibab Plateau, where the Bridger Knoll 
Complex fire burned across 21,000 ha in 1996. In order to better understand patterns of invasion across this focal 
area, we modeled cheatgrass cover as a function of several landscape-scale variables that describe physiography, fire 
severity, and other disturbance factors (e.g., livestock grazing and roads). Model selection results indicated that fire 
severity was one of the most important mechanistic predictors of cheatgrass cover. Given recent disturbances, such as 
the 24,000-ha Warm Fire that occurred on the eastern side of the Kaibab Plateau in 2006, there is high potential for 
further invasion on this landscape. These results provide evidence to suggest that fire management activities aimed 
toward minimizing risk of high severity fires could also reduce the risk of cheatgrass invasion and spread.



THE COLORADO PLATEAU INITIATIVE: PRO-ACTIVELY ADDRESSING THE NEED FOR A 
COLLABORATIVE APPROACH TO RIPARIAN RESTORATION ON THE COLORADO PLATEAU IN LIGHT 
OF THE RAPID EXPANSION OF THE TAMARISK BEETLE, DIORHABDA ELONGATA

ALBANO, CHRISTINE1, Lori Makarick2, Jamie Nielsen3, Tim Carlson4, Clark Tate5 Kate Watters6, Tillie Walton7 
1Grand Canyon Trust, Flagstaff, AZ 86001 calbano@grandcanyontrust.org; 2Grand Canyon National Park, Flagstaff, 
AZ 86001 Lori_Makarick@nps.gov; 3Working for Rivers, Flagstaff, AZ 86001 jnielsen@workingforrivers.com; 
4Tamarisk Coalition, Grand Junction, CO 81502 tcarlson@tamariskcoalition.org; 5Tamarisk Coalition, Grand Junc-
tion, CO 81502 ctate@tamariskcoalition.org; 6Grand Canyon Trust, Flagstaff, AZ 86001 kwatters@grandcanyontrust.
org; 7Working for Rivers, Flagstaff, AZ 86001 twalton@workingforrivers.com

The tamarisk beetle (Diorhabda elongata) was introduced to the Colorado Plateau region in 2004 to reduce tamarisk 
(Tamarix spp.) and to facilitate the restoration of native riparian communities. Although the beetle may be effective 
at reducing tamarisk at large spatial scales, there are serious concerns related to the viability of replacing tamarisk 
with functionally equivalent native species in the many streams and rivers where natural hydrological processes are no 
longer intact. Assuming that the beetle continues on its current trajectory, rapidly expanding outward along the Colo-
rado River and its tributaries, there is a need for coordination among stakeholders involved in planning and imple-
menting riparian restoration projects. In this context, new management challenges are emerging, including how to a) 
remove standing dead tamarisk biomass and how to determine where this is necessary, b) promptly assess potentially 
rapid changes in wildlife habitat, and c) address the need for revegetation across vast riparian landscapes. To address 
these challenges, we propose a new Colorado Plateau Initiative to facilitate the following approaches to increase the 
efficiency, coordination, and leveraging of resources among stakeholders: 1) coordinate the monitoring of tamarisk 
beetle distribution, spread, and impacts across the entire region using a collectively agreed-upon core methodology; 
2) develop an efficient mechanism for disseminating up-to-date results and activities related to monitoring, research, 
and restoration activities to facilitate coordination among projects; 3) explore funding options and create programs 
that will provide native plant materials to meet large-scale restoration project needs; 4) prioritize areas for restoration 
based on wildlife needs, viability of successfully restoring native riparian shrubs and trees, and presence and potential 
near-term invasion by the tamarisk beetle; 5) build consensus between stakeholders on priorities for riparian restora-
tion on the Colorado Plateau; and 6) increase public awareness of the critical issues impacting riparian areas.

APPLYING GEOMORPHIC STUDIES TO UNDERSTANDING PAST HUMAN ADAPTATION IN GRAND 
CANYON NATIONAL PARK

ANDERSON, KIRK1, and Ted Neff2

1Northern Arizona University and Museum of Northern Arizona, Flagstaff, Arizona, 86011, Kirk.Anderson@nau.edu; 

2Museum of Northern Arizona, Flagstaff Arizona, 86001, TNeff@mna.mus.az.us

Excavations at four archaeology sites in Grand Canyon National Park yield geomorphic information used to address 
questions related to past human behavior. Archaeological excavation units, test pits, feature fill, and natural exposures 
contain sediments used to interpret the geomorphic history that, in turn, can shed light on human adaptation to this 
harsh environment. Grand Canyon experiences dramatic geomorphic events such as floods, windstorms, and debris 
flows, all of which are preserved in the stratigraphic record, and all of which are used to understand landscape history 
and archaeological site selection. By combining geomorphic, stratigraphic, and archaeological data collected during 
recent excavations with results from previous geomorphic studies along the river corridor, trends in human adaptation 
can be inferred. For example, at each of the four sites, an analysis consisting of reconstructed paleoflood elevations, 
flood recurrence intervals, site layout, and site stratigraphy/geomorphic setting suggests a temporal trend in land-use 
strategies. The two early sites (Early Pueblo II: A.D. 1000-1075) interpreted as farmsteads, contain habitation features 
located just above the approximately 6-8 year high flood recurrence interval; floods of a longer recurrence interval 
(approximately 40-80 years) inundate these features. The two later sites (Late PII-early PIII; A.D. 1075-1200) inter-
preted as aggregated settlements, contain habitation features located well above the 40-80 year high flows. At all sites, 
midden areas and ephemeral features were affected by the 6-8 year flood recurrence. Early farmsteaders may not have 
had much knowledge of flood magnitudes and frequencies and therefore their habitation structures were located rela-
tively close to the river. Later habitations were located in more protected areas further from the river, perhaps reflect-
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ing a greater, and acquired, knowledge of river dynamics. These trends, although tentative and based on a limited data 
set, may provide insights into past behavior and adaptation strategies of early farmers within Grand Canyon.

PROTECTING PUBLIC HEALTH AT LAKE POWELL

ANDERSON, MARK1, Erin Murchie2, Carolyn Hackbarth3, and Chris Hughes4

1National Park Service, Glen Canyon National Recreation Area, PO Box 1507, Page, AZ 86040; mark_anderson@
nps.gov; 2National Park Service, Glen Canyon National Recreation Area, PO Box 1507, Page, AZ 86040; erin_
murchie@nps.gov; 3National Park Service, Glen Canyon National Recreation Area, PO Box 1507, Page, AZ 86040; 
carolyn_hackbarth@nps.gov; 4National Park Service, Glen Canyon National Recreation Area, PO Box 1507, Page, 
AZ 86040; chris_hughes@nps.gov

During the mid-nineties, Lake Powell was developing a problem with visitors failing to contain their human waste 
properly. Numerous beach closures were implemented to prevent the visiting public from becoming sick due to con-
tact with fecal contaminated water. To address the issue, Glen Canyon National Recreation Area in cooperation with 
the states of Utah and Arizona developed the Strategic Plan to Protect Water Quality in Lake Powell. A wide range of 
efforts including education, new rules with enforcement, expanded facilities, the development of a science committee, 
and continued beach monitoring were used to address the problem. Now, after a decade of implementing the Strategic 
Plan, beach closures are very rare and fecal bacteria counts on the lake are remarkably low. Through collaborative 
planning with Utah and Arizona, the National Park Service has changed a very disturbing situation into a grand suc-
cess. Now, Lake Powell is one of the cleanest reservoirs in the country regarding sanitary water quality, and we have 
the data to prove it.

MEASURING ECOSYSTEM SERVICES ON AGRICULTURAL LAND TO EVALUATE THE ECOLOGICAL 
IMPACTS OF VARIOUS FARMING METHODS AND FARM EXTENSION PROGRAMS

ARMIGER, CHRISTINE M.1, Peter A. Palmiotto1, and Daniel S. Smith1

1Antioch University New England, Keene, NH 03431, christine_armiger@antiochne.edu, ppalmiotto@antioch.edu, 
dsmith7@antioch.edu

As Earth’s ecosystems become rapidly degraded, we must look beyond protected areas as the sole means by which we 
conserve the planet’s biodiversity.  Agricultural systems represent a large percentage of the human-modified land-
scape in North America. In the past few decades a trend of intensive farming with vast monocultures and substantial 
chemical inputs has become the precedent.  Increasingly, however, politicians, conservation biologists and the general 
public are developing an awareness of the ecologically and culturally destructive nature of such intensive agricultural 
practices.  Well-managed farms can provide many ecosystem services including: soil stabilization, water filtration, 
flood mitigation, nutrient cycling, carbon-sequestration, provision of habitat for native species and a reduction of edge 
effects in forest fragments. Practices such as intercropping, no-till farming, non-chemical “green” mulching, long 
fallows, windbreaks between fields, and establishment of riparian/wetland buffer zones, are a few ways in which agri-
cultural systems can be more ecologically friendly.  In this study, a model was developed to evaluate four ecosystem 
services among 53 smallholder farmers in southern Belize, each of whom received agricultural extension support from 
the non-profit organization, Sustainable Harvest International.  Over a time continuum of aid, the ecosystem services 
evaluation model revealed that the organization helped farmers to improve carbon management and soil services, 
but had no significant impact on water purification and biodiversity protection services.  Results of this study were 
given to Sustainable Harvest International in order for them to reconsider the overall effectiveness of their agricultural 
extension program.  In the future, a modified version of this model could serve as a powerful tool for evaluating the 
overall ecological impact of various farming methods and farm extension services throughout North America.           
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CLIMATE CHANGE AND THRESHOLDS: MANAGING FOR MORE THAN CHANGES IN MEAN 
TEMPERATURE AND PRECIPITATION

BAKER, BARRY1,2

1The Nature Conservancy, 820 Kane Creek Blvd., PO Box 1329, Moab, UT 84532; bbaker@tnc.org; 2NREL, Colo-
rado State University, Fort Collins, CO 80523

The ever increasing pressures being applied to ecosystems on the Colorado Plateau, in particular changes in land use 
and anthropogenic forced changes in climate, appear to be driving many systems toward “thresholds” that may not be 
reversible once crossed. Therefore, it is critical that climatic drivers that affect the resilience of these systems and act 
as triggers be identified if threshold crossing are to be averted. Climatic variability and natural disturbances (i.e., fire, 
insect outbreaks, etc.) have long been recognized as drivers that shape the temporal and spatial patterns of ecosys-
tems. Recent studies have shown that changes in the hydrological cycle of the western United States are outside of 
what could be expected from natural variability. Ensembles of future climate simulations from global climate models 
suggest that more extensive and intense droughts will occur over much of the Colorado Plateau that would amplify 
the impacts from other anthropogenic and natural disturbances. Therefore, use of traditional “top-down” methods of 
assessing ecological impacts of future climate change driven by global and regional climate models may not be appro-
priate for assessing the vulnerability of a particular ecosystem in crossing a threshold. More dynamic approaches to 
modeling are needed that consider resilience as a dynamic process dependent on antecedent conditions, the severity 
and time between extreme events, and influences from exogenous factors (i.e., grazing, fire, other disturbance). Key 
climate variables such as inter- and intra-annual temperature maxima or minima, the seasonality of both temperature 
and precipitation patterns as well as interactions with multi-decadal climate trends driven by large scale climate pro-
cesses (i.e., Pacific Decadal Oscillation, El Niño Southern Oscillation, etc.) need to be incorporated into analyses and 
monitoring programs. Additionally, policies that guide management action into the future should be based on adaptive 
strategies that cover a wide range of plausible climatic conditions.

Internships across the Intermountain West – training students to be our next 
generation of resource managers through the CESUs 

Baldwin, Ben1, Ben Bobowski1, and Judy Visty1

1Rocky Mountain National Park, National Park Service, Estes Park, CO 80517, ben@cnr.usu.edu, ben_bobowski@
nps.gov, judy_visty@nps.gov
 

Over the past decade Cooperative Ecosystem Studies Units (CESUs) have provided a useful platform for internships 
and other student training programs. Partnerships between universities and agencies create an excellent mechanism 
to develop and administer internships that are beneficial to a broad spectrum of stakeholders. Internships have been 
widely defined and represent a continuum of involvement, effort, and benefit. Numerous programs and projects have 
utilized the CESUs to train students and provide practical hands-on experience. These programs also provide oppor-
tunities to capture organizational knowledge by connecting students to experienced mentors and supervisors. These 
past programs provide interesting case studies and by highlighting key successes and by identifying programmatic 
obstacles can provide a foundation of lessons learned. The evolution of the CESUs and the maturation of partnerships 
have resulted in new types of internships and other opportunities that reach beyond the student experience. These new 
opportunities include citizen science, service learning and civic engagement. 
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ONE THIRD OF NORTH AMERICAN PROTECTED AREAS HAVE GREATER HUMAN IMPACT INSIDE 
THAN OUTSIDE

BALDWIN, ROBERT F.1, and Donald J. Lipscomb2

1Dept. of Forestry and Natural Resources, Clemson University, Clemson, S.C., 864-656-4857, FAX 864-656-3304, 
baldwi6@Clemson.edu; 2Dept. of Forestry and Natural Resources, Clemson University, Clemson, S.C., 864-656-
7293, FAX 864-656-3304, dlpscmb@Clemson.edu

Most global biodiversity conservation strategies rely on protected areas, and many conservation biologists assume that 
North America is no longer a pressing conservation concern. We calculated the mean Human Footprint™ (HF) for 
196,498 polygons representing state and federal administrated Protected Areas of Canada, Mexico, and the Continen-
tal United States.  Separate calculations were made for (1) the area in each protected area (1- 11 million ha; mean = 
2055 ha) and (2) the area outside and within 10 km of each protected area.   We used “Last of the Wild’s” V. 2 (2005) 
for North America as the HF data source. We found that 36.1% of the protected areas in North America scored higher 
average Human Footprint values inside, than in an adjacent 10km radial zone. Among the three countries, the United 
States had the highest percentage of protected areas with a greater mean HF inside, than outside the PA (36.2%) 
compared to Mexico (26.8%) and Canada (28.4%). Positive impact ratios were distributed across GAP and IUCN 
protection levels. We conclude that (1) protected areas in North America in particular those in the United States are 
not uniformly effective in managing human impact, and (2) North American protected areas should remain a global 
conservation priority. 

Ecoregional Landscape Networks: Connectivity for Species Most Sensitive to 
Landscape Transformation

Baldwin, Robert F.1 Ryan M. Perkl2, Stephen C. Trombulak3

1Department of Forestry and Natural Resources, Clemson University
baldwi6@clemson.edu; 2Environmental Design and Planning, Clemson University, rperkl@clemson.edu; 3Department 
of Biology, Middlebury College, strombula@middlebury.edu

Ecoregions are large and heterogenous and as a result pose obstacles for modeling connectivity not present at finer 
scales. Habitat heterogeneity and varying responses of focal species to differing environmental conditions make 
solving landscape networks at coarse scales fraught with uncertainty. One approach is to embrace this uncertainty 
and dispense with focal species modeling, choosing instead to use a heavily parameterized, general index of human 
influence as a habitat surrogate applicable to those species most sensitive to human-caused landscape transforma-
tion. We applied this approach in the Northern Appalachian/Acadian Ecoregion (330,000 km2) using the ecoregional 
human footprint (90m resolution) as a generalized resistance layer, and GAP 1 Protected Areas (N=95) and Last of 
the Wild (HF <10; N=120) as two different sets of habitat nodes. We produced landscape networks made up of 3 and 
4 subgraphs indicating that under each scenario, ecoregional connectivity was compromised by geographic restric-
tions at an isthmus and by intensive land uses. Implementing conservation action in Last of the Wild areas could 
combine two subgraphs resulting in a huge connected area (Green Mountains to Gaspé Peninsula) supporting wide 
ranging carnivores. Size of allocation zones (16-878,000 ha) indicated that serious conservation resources may have to 
be spent on maintaining connectivity at ecoregional scales. Similarly, the longest linkages (e.g., 300 km) were also the 
most critical (i.e., connecting the Adirondacks with the rest of the ecoregion) crossing several political boundaries and 
settled landscapes with many small ownership parcels. Minimum spanning trees achieved efficiencies of 20-25% but 
in a changing climate it may be preferable to maintain functional redundancy. While it is encouraging that there are 
no completely isolated subregions in the Northern Appalachian/Acadian ecoregion even for the most sensitive species, 
our findings indicate that implementing landscape networks will require significant new transboundary collaboration 
across multiple scales. 
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PRESERVATION AND PUBLIC ARCHAEOLOGY: GRAND CANYON NATIONAL PARK’S COLORADO 
RIVER ARCHAEOLOGICAL PROJECT 

BALSOM, JANET1, Lisa Leap2, and Jennifer Dierker3

1National Park Service, Grand Canyon National Park, AZ, jan_balsom@nps.gov; 2National Park Service, North 
Central Arizona Monuments, AZ, lisa_leap@nps.gov; 3National Park Service, Grand Canyon National Park, AZ, jen-
nifer_dierker@nps.gov
 
The Colorado River within Grand Canyon National Park has been home to native peoples for over 12,000 years. 
During that period of time, thousands of people lived within the canyon, leaving behind the footprints of their passing 
in the form of thousands of archaeological sites. Preservation of these archaeological sites and the information they 
contain is central to National Park Service stewardship responsibilities. For over 30 years, archaeologists at Grand 
Canyon National Park (GCNP) have documented archaeological sites in the park, in particular along the Colorado 
River, in hopes of better understanding the dynamic nature of human use and occupation of the marginal canyon 
environment. The Grand Canyon Colorado River Archaeological project represents the culmination of many years 
of archaeological site documentation and identification of a host of environmental factors, most notably the affects 
to archaeological sites from the closure of Glen Canyon Dam in 1963. With the closure of the gates at Glen Canyon, 
over 90% of the sediment once carried by the Colorado River became trapped above the dam, leaving a sediment 
starved river and a flood plain where people once lived devoid of new sand deposits. These sandbars and river terraces 
were once home to hundreds of people over thousands of years. With sediment supply diminished, the archaeological 
sites began to be exposed, thereby providing park archaeological staff a window into the past allowing for documenta-
tion of the existence of these historic properties but not providing a mechanism for preservation of these sites in place. 
In order to understand these resources at greatest risk and interpret them to the public, the National Park Service, in 
collaboration with the Museum of Northern Arizona, began an ambitious program to recover archaeological data from 
these threatened sites. This session will detail the results of this collaborative effort.

IMPACTS OF CHANGING CLIMATE ON PINYON PINE (PINUS EDULIS) GROWTH IN SOUTHEASTERN 
UTAH

 
BARGER, NICHOLE N.1 and Woodhouse, C.2 
1Dept. of Ecology and Evolutionary Biology, University of Colorado at Boulder, CB334, Boulder, CO 80309; e-mail: 
nichole.barger@colorado.edu; 2Department of Geography and Regional Development, University of Arizona, Tucson, 
AZ 85721;conniew1@email.arizona.edu

During the recent multi-year drought on the Colorado Plateau, USA there has been an extensive die-back of pinyon 
pine (Pinus edulis Engelm.). Although multi-year droughts are common in the western U.S., the extent of this recent 
die-back has been more widespread than a similar drought in the 1950s, raising questions of whether recent increases 
in temperature were exacerbating drought stress across the region. In recent years there has been a clear warming 
trend across this region; estimates of surface air temperature increases on the Colorado Plateau over the past 200 yrs 
range from 0.4-0.8 °C, with evidence of accelerated warming over the last century. In this study we examined P. edulis 
growth responses to climate over the last century in southeastern Utah. Using dendrochronological techniques, we 
examined P. edulis growth responses to 20 monthly climate variables (previous October through August precipitation 
and temperatures) over the last century. Our results suggest that early-summer temperatures are negatively influencing 
P. edulis growth at a number of sites across southeastern Utah over the past several decades—a trend which was not 
observed early in the century. The negative influence of early-summer temperature on tree growth was most likely due 
to increasing early-summer drought stress before the onset of the summer monsoons. As temperatures are expected to 
increase across this region throughout the next century, we expect to observe further declines in P. edulis growth rates 
which may have long-term consequences for the distribution of this dominant vegetation type of the semi-arid West. 
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DIGITAL MEDIA FOR PUBLIC OUTREACH AND EDUCATION: RECENT ARCHEOLOGY IN GRAND 
CANYON NATIONAL PARK

BARTELS, TOM1

1Round House Productions, Durango CO, rhp@frontier.net

This 15 minute video covers the general scope of the excavations that took place along the Colorado River cor-
ridor between 2006 and 2009. Footage was compiled from four trips down the river to give an overview of how the 
approach to archeology in Grand Canyon National Park has changed over time. More emphasis on protection of the 
resource and tribal participation brings new challenges as well as fresh approaches to the process. The interactive “vir-
tual tour” that will be published on the NPS website takes the viewer through several of the sites to explore the details 
of what they looked like before they were backfilled. The viewer can get a feel for proximity, special relationships, 
and explore the environment in all directions in the virtual realm. Both of the pieces help to connect the general public 
to the importance of protecting these national treasures.

An overview of science-based approaches to wildlife linkage design 

Beier, Paul1, and Tabitha Graves1

1School of Forestry, Northern Arizona University, Flagstaff AZ 86011-5018 USA 928 523 9341, paul.beier@nau.edu, 
tag83@nau.edu

Wildlife linkages may not be the best or only way to conserve connectivity, but are appropriate where we cannot con-
serve an intact landscape or manage the entire matrix for permeability. At the regional scale, linkage design includes 
5 sequential tasks: (1) defining natural landscape blocks to be connected, (2) developing a regional map of ‘fuzzy’ 
linkages between neighboring blocks, (3) prioritizing linkages, (4) developing optimum linkage designs for priority 
linkages, and (5) evaluating practical alternatives to the optimum linkage design. For each of these 5 tasks, planners 
can use 1 or more of 8 science-based approaches, namely expert workshops, least-cost modeling, individual-based 
movement models, graph theory, spatially-explicit population modeling, circuit theory, simulated annealing, and net-
work flow. No single approach can do all 5 tasks. Least cost corridor (not path) modeling has been the best workhorse 
for creating regional maps and producing optimum linkage designs. Circuit theory and individual-based movement 
models are emerging tools for these 2 tasks. One weakness of least-cost modeling, circuit theory, and individual-based 
movement models is that they depend on a resistance map that is usually based on expert opinion. Graph theory has 
been the best tool for prioritizing; circuit theory is an emerging competitor for this task. Despite limitations, each 
science-based approach has the following virtues: it makes assumptions explicit, it can be improved as underlying 
data (especially the resistance map) are improved, and it helps implementers focus on desired ecological flows rather 
than other constraints. 

Quantifying patterns and using process models to detect potential ecological 
thresholds in semi-arid grasslands of the Colorado Plateau

Belote, R.Travis1, and Mark E. Miller2 

1USGS - Southwest Biological Science Center, Colorado Plateau Research Station, Flagstaff, AZ 86011, tbelote@
usgs.gov; 2USGS - Southwest Biological Science Center, c/o Grand Staircase-Escalante National Monument, Kanab, 
UT 84741, Mark_Miller@usgs.gov

Theories of ecological thresholds have been developed to describe patterns and processes in dryland ecosystems 
without concomitant empirical research to support or challenge threshold concepts, notions of ecological resilience, 
or in some cases state and transition models of vegetation change. In the absence of focused experimental studies 
or long-term datasets, researchers and managers are forced to use space-for-time substitutions to understand poten-
tial thresholds wherein data are collected across gradients of degradation. Semi-desert grasslands occurring on the 
Colorado Plateau have been altered by livestock grazing and colonization of non-indigenous annual plants, which 
has led to undesirable ecological states. To quantitatively characterize patterns of degradation, we used data collected 
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across a range of conditions within the semi-desert sandy loam ecological site located in Canyonlands National Park 
and surrounding land managed by the Bureau of Land Management. Data were collected to describe plant functional 
and structural composition, biological soil crusts, and soil stability. We used cluster analysis to classify observations 
based on vegetation and soil variables. Clusters were characterized using classification and regression tree (CART) 
analysis and by calculating summary statistics for all variables. Differences in means of important variables among 
clusters or quantitative breaks established from the CART analysis could be used by land managers as monitoring 
assessment points for indications of potential thresholds. These data were also used with a simulation model to predict 
wind erosion, given vegetation structure and soil stability. The wind erosion model predicted that sites with unstable 
soils and large gaps between perennial plants would be most vulnerable to wind erosion leading to nonlinear erosion 
patterns among clusters. In sum, multivariate analyses using empirical data collected across a range of conditions 
used in conjunction with process-level models may provide important quantifications of potential thresholds to inform 
land-management decisionmaking. 

WHAT DOES IT TAKE TO CONSERVE A MIGRATION CORRIDOR? 

Berger, J.1

1University of Montana, and Wildlife Conservation Society, Missoula, Montana 59812, joel.berger@mso.umt.edu

The world’s terrestrial migrations are collapsing. Although the science underlying such global spectacles is neces-
sary, it is never sufficient to achieve actionable conservation. To be clear, science is needed and it involves choices 
about species, setting demographic targets, understanding landscape impediments, and, ultimately, empiricism. But, 
the science may be worth nothing without public support. I illustrate these points using case studies of two migratory 
antelopes: endangered saiga from Central Asia and American pronghorn. Using GPS collars, colleagues and I tracked 
8 Mongolian saiga and more than 300 pronghorn. Saiga funneled through a single bottleneck < 5 kms wide. Prong-
horn migrated more than 500 kms (round-trip) and all using Grand Teton National Park squeezed through bottlenecks 
< 120 m wide. This terrestrial migration is the longest for any species between Canada and Tierra del Fuego. Support 
for conservation in Mongolia, like the USA, is mixed both among local people and within- and between- competing 
government agencies. Long-term prospects for protecting these relatively narrow sutures that connect winter and sum-
mer ranges may, remarkably, be better in the USA.  The pronghorn migration route (110 kms) was recently set aside 
for protection due to efforts by the National Park Service and U. S. Forest Service. This derived from impartial sci-
ence and public momentum, the latter stemming from industry support, meetings with governors, green and livestock 
organizations, the making of documentary films, media outreach and editorials by the N.Y. Times or Washington Post, 
county commissioners, and NGO sponsored parties celebrating the seasonal return of migrants. While the adoption 
of this corridor exemplifies what can be achieved through collaborative alliances, long-term protection has yet to be 
achieved. Still needed are approaches to involve anti-conservation state legislatures and changing opinions about land-
scapes and the real value of biological conservation. 

BINATIONAL COLLABORATION IN ENDANGERED SPECIES RECOVERY: A FRAMEWORK FOR 
CONSENSUS ANALYSIS

BERNAL-STOOPEN, JOSE F.1, Jane M. Packard2, and Richard P. Reading3

1Dirección General de Zoológicos y Vida Silvestre, Gobierno de la Ciudad de México, Calle Chivatito s/n , Col. San 
Miguel Chapultepec, CP: 11850, México D.F., josebernalstoopen@yahoo.com; 2Wildlife & Fisheries Sciences, Texas 
A&M University, College Station, TX 77843-2258,  j-packard@tamu.edu; 3Conservation Biology, Denver Zoological 
Foundation, 2300 Steele St., Denver, CO 80205, rreading@denverzoo.org

During international negotiation and collaboration on biodiversity conservation involving multiple stakeholders, a 
clear sense of common ground may facilitate planning and implementing strategies for endangered species recov-
ery. In an inductive study of binational recovery efforts for endangered species in the Mexico-U.S. borderlands, we 
identified issues likely to provide a basis for consensus. The target population included participants experienced in 
recovery efforts for species at risk in the region. Based on qualitative analysis of 40 interviews, we developed a con-
ceptual model and designed a questionnaire to measure attitudes about factors influencing binational collaboration in 
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endangered species recovery. Responses to almost half the questions indicated accord among respondents, providing 
a basis for shared common ground within this community of practice. The nature of discord was within the range of 
“manageable”, with no clear polarization. We provide recommendations for strengthening communication among bi-
national, inter-organizational networks engaged in endangered species recovery across international borders. 

Spatial patterns in alternative states and thresholds: a missing link for 
management of LANDSCAPES?

BESTELMEYER, BRANDON T.1, Darroc Goolsby2, and Steven R. Archer3

1USDA-ARS Jornada Experimental Range and Jornada Basin LTER, Las Cruces, NM, 88003, bbestelm@nmsu.edu; 
2Department of Plant and Environmental Sciences, New Mexico State University, Las Cruces, NM, 88003, dgoolsby@
nmsu.edu; 3School of Natural Resources, University of Arizona, Tucson, AZ 85721, sarcher@ag.arizona.edu

The detection of threshold dynamics (and other dynamics of interest) would benefit from explicit representations of 
spatial patterns of disturbance, spatial dependence in responses to disturbance, and the spatial structure of feedbacks 
in the design of monitoring and management strategies. Spatially-structured ecosystems at landscape scales tend to 
exhibit signals of each of these processes and their interactions. The spatial pattern of disturbance is determined by 
natural or anthropogenic processes associated with land use. In the latter case, management units and resource use 
gradients within units often feature different states or indications of threshold risk. Spatial dependence in disturbance 
response accounts for differences in resilience caused by static environmental variations including soil and landform 
attributes. These factors determine the effect of disturbance on resource availability and species populations under-
lying transitions. The patterning of spatial dependence is detected via soil sampling and maps. Finally, the spatial 
structure of feedbacks accounts for how the initial state change in a location propagates over time and space, condi-
tioned by the pattern of spatial dependence and disturbance. At fine scales, feedbacks may be detected via predictable 
changes in patch structure (e.g., fragmentation processes prior to crossing soil erosion thresholds). At broader scales, 
feedbacks may emerge between the distribution of states and broad-scale sediment redistribution (e.g., wind erosion) 
or even climate. We suggest that these three spatial patterns should be the basis for expanding conceptual state-and-
transition models to landscape systems. These new conceptual models would contain predictions about how the 
likelihood of transition varies across a landscape as well as the patch-scale changes leading to, and determining the 
reversibility of, transitions. Both sets of predictions would be valuable guides in the design of monitoring to manage 
thresholds. A hierarchical approach to monitoring featuring ground-based observations coupled to remote-sensing is 
generally required.

EFFECTS OF SIMULATED MOUNTAIN LION CACHING ON PREY-LIKE CARCASSES

BISCHOFF-MATTSON, ZACHARY 1, and David J. Mattson2

1Lewis and Clark College, Department of Biology, 0615 Palatine Hill Rd MSC 53, Portland, OR 97219; e-mail: zac_
mattson@hotmail.com; 2U.S. Geological Survey, Southwest Biological Science Center, Colorado Plateau Research 
Station, P.O. Box 5614, Flagstaff, AZ 86011; e-mail: David_Mattson@usgs.gov

Caching of animal remains is common among carnivorous species of all sizes, yet the effects of caching on larger 
prey are unstudied. We conducted a summer field experiment designed to test the effects of simulated mountain lion 
(Puma concolor) caching on mass loss, relative temperature, and odor dissemination of nine prey-like carcasses. We 
deployed all but one of the carcasses in pairs, with one of each pair exposed and the other shaded and shallowly buried 
(cached). Caching substantially reduced wastage during dry and hot (Drought) but not wetter and cooler (Monsoon) 
periods, and reduced temperature and discernable odor to some degree during both seasons. These results are con-
sistent with the hypotheses that caching serves to both reduce competition from arthropods and microbes and reduce 
odds of detection by larger vertebrates such as bears (Ursus sp.) and wolves (Canis lupus).



Bat white-nose syndrome: An emerging fungal pathogen

BLEHERT, DAVID, S.1, Jeffrey M. Lorch1,2, Anne E. Ballmann1, Brenda M. Berlowski-Zier1, and Carol U. Meteyer1

1USGS – National Wildlife Health Center, 6006 Schroeder Road, Madison, WI 53711, dblehert@usgs.gov, 
aballmann@usgs.gov, bberlowski-zier@usgs.gov, cmeteyer@usgs.gov; 2Molecular and Environmental Toxicology 
Center, University of Wisconsin-Madison, Medical Sciences Center, 1300 University Avenue, Madison, WI 53706, 
jmlorch@wisc.edu

White-nose syndrome (WNS) is a disease associated with an unprecedented bat mortality event in the northeastern 
and mid-Atlantic United States. Since the winter of 2006-2007 bat population declines of up to 97% have been docu-
mented at surveyed hibernacula, and estimated losses have exceeded one million bats. Affected hibernating bats often 
present with visually striking white fungal growth on their muzzles, ears, and/or wing membranes. Histopathological 
analyses confirmed that 90% (105 of 117) of necropsied bats submitted from WNS-positive sites exhibited an invasive 
cutaneous fungal infection. Direct microscopy, culture, and PCR analyses demonstrated that the skin of WNS-affected 
bats was colonized by a new species of psychrophilic (cold-loving) fungus, Geomyces destructans. Fungal isolates 
were initially cultured at 3°C and grew optimally between 5°C and 14°C, temperatures consistent with the body 
temperatures of hibernating cave bat species within the WNS-affected region. Laboratory studies conducted using 
hibernating, captive little brown bats demonstrated that G. destructans is transmissible both bat-to-bat and through the 
air. Additionally, G. destructans has been found in sediments collected from the cave floors of bat hibernation sites 
within the WNS-infected region, but the fungus has not yet been found outside of this region. There is a growing body 
of evidence supporting an association between WNS and cutaneous infection by G. destructans. Given the hundreds 
of thousands of hibernating bats found throughout the WNS-affected region, this disease represents an unprecedented 
threat to bats of the eastern United States and potentially beyond.

THE EFFECTS OF SUDDEN ASPEN DECLINE ON AVIAN BIODIVERSITY IN SOUTHWEST COLORADO

BOMBACI, SARA P.1, Julie E. Korb2

1Natural and Behavioral Sciences Student, Fort Lewis College, Durango, CO 81301. sbombaci@fortlewis.edu
2Natural and Behavioral Science Department, Fort Lewis College, Durango, CO 81301
korb_j@fortlewis.edu

Aspen stands in southwestern Colorado have recently experienced sudden aspen decline (SAD), which is a sudden, 
escalating event of aspen mortality that is associated with the loss of whole aspen stands. This loss is exacerbated by a 
lack of suckering that would typically regenerate failing stands. Aspen forests are attributed to being very biologically 
diverse and research has shown significant biodiversity loss associated with conversion from aspen to other forest 
cover. Specifically, studies on bird populations indicate a comparatively larger diversity and abundance associated 
with aspen forests than with most other montane habitats and aspen may provide critical habitat for certain species. 
Therefore, a preliminary study on avian biodiversity with respect to SAD affected stands will provide a measure of 
initial avian changes within this ecosystem and a basis for long term monitoring of associated bird populations. I 
hypothesize that my research will indicate a decrease in avian biodiversity associated with SAD affected stands when 
compared with healthy aspen stands. However, other forest dynamics, such as the affinity of cavity nesting birds for 
snags, may indicate different results. Therefore, I will focus on overall biodiversity changes and species-specific 
changes associated with SAD. This research will be conducted during the 2009 avian breeding season within the 
Mancos-Dolores Ranger District on the San Juan National Forest (SJNF), southwest Colorado. To accomplish this 
research, I will complete bird diversity and abundance surveys for eight replicate study plots of stands dominated by 
SAD (>75% mortality) and stands largely unaffected by SAD (<25% mortality), classified by the SJNF.  I will also 
quantify forest understory and stand structure to describe avian habitat in SAD dominated and unaffected SAD stands. 
This research will provide new insight on this recent phenomenon to SJNF land managers involved with SAD mitiga-
tion by quantifying changes within avian community structure in relation to SAD. 
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TRACKING THE PERSISTENCE OF NORTHERN MEXICAN GARTERSNAKES (THAMNOPHIS EQUES 
MEGALOPS) IN THE PRESENCE OF NONNATIVE PREDATORS IN A HIGHLY MODIFIED SYSTEM IN 
ARIZONA

BOYARSKI, VALERIE1

1Arizona Game and Fish Department, 5000 W Carefree Hwy, Phoenix, AZ 85086, vboyarski@azgfd.gov  

Once widespread and abundant throughout mid-elevation (530-1875 m) riparian areas of central and southeastern 
Arizona, northern Mexican gartersnakes (Thamnophis eques megalops) now persist in only a fraction of their former 
distribution. Over the past century, the introductions of invasive exotic species such as bullfrogs, crayfish, spiny-rayed 
fishes (e.g., catfish, sunfish, bass) and habitat degradation and loss have substantially changed the communities to 
which these snakes belong. While multiple factors or combinations of those likely contributed to their overall decline, 
long-term demographic data for the species are generally lacking. Surprisingly, northern Mexican gartersnakes have 
continued to persist at the Arizona Game and Fish Department’s (AGFD) Page Springs and Bubbling Ponds Fish 
Hatcheries near Cornville, AZ, despite the presence of numerous nonnative and native predators. This seemingly 
anomalous situation presents a unique opportunity to examine how or whether northern Mexican gartersnakes are 
impacted by nonnative predators, particularly bullfrogs and spiny-rayed fishes, in a highly modified system near the 
northern edge of their U.S. range. Thus, in 2007, AGFD implemented a northern Mexican gartersnake monitoring pro-
gram using mark-recapture techniques to obtain baseline demographic data. Monitoring efforts continued through the 
2009 season and >100 individuals have been marked. Additionally, a pilot radio telemetry project was implemented 
in 2009 to evaluate how the gartersnakes are using habitat within the Bubbling Ponds Hatchery. A summary of results 
obtained thus far will be presented with a specific focus on the numbers of individuals and sizes marked, sex ratios, 
growth rates, and recapture rates across months and years. Preliminary observations from radio tracking will also be 
presented. Data obtained through monitoring and radio telemetry will provide valuable insight for wildlife managers 
about northern Mexican gartersnake ecology, and more specifically, will provide direction to the hatcheries on how to 
manage the property for the snakes while at the same time maintaining or improving their operations.

PRE-COLUMBIAN ARCHITECTURE OF THE EASTERN GRAND CANYON RIVER CORRIDOR: 
PATTERNING, SETTLEMENT EVIDENCE, AND CULTURE

BRENNAN, ELLEN1, and Ian Hough2

1National Park Service, Navajo National Monument, Tonalea, AZ 86944, Ellen_Brennan@nps.gov; 2National Park 
Service, Grand Canyon National Park, Grand Canyon, AZ 86023, Ian_Hough@nps.gov

Architectural evidence left by the people identified archaeologically as the Kayenta, Virgin, and Cohonina during the 
Pueblo II and Pueblo III Periods (ca. A.D. 1000 through A.D.1200) was examined during recent excavations as part of 
a cooperative project between the Museum of Northern Arizona and the National Park Service. We use architectural 
data from the joint excavation project and information from past research efforts to illuminate technological differ-
ences in the prehistoric built environment. We then use these data to investigate the spatial and temporal distributions 
of the Kayenta, Virgin, and Cohonina cultures along the Colorado River corridor, while examining the behavioral 
choices people made to build their homes in the arid and challenging Grand Canyon environment.



Conserving the stage, not the actors: using land facets to conserve connectivity 
in a changing climate

Brost, Brian1, and P. Beier1

1Northern Arizona University, Flagstaff, AZ 86001, Brian.Brost@nau.edu, Paul.Beier@nau.edu

Current wildlife linkages designed to maintain habitat connectivity are based in large part on the present distribution 
of vegetation. But even under the most optimistic scenarios, human-caused climate change during the next century 
will threaten many wild populations and species. The most useful conservation response is to enlarge and link pro-
tected areas to support range shifts by plants and animals. Ironically, most wildlife linkages are based on the pres-
ent distribution of vegetation, which will shift dramatically during climate change. We are skeptical about the main 
alternative way scientists now design reserves and linkages to support such shifts, namely chaining 4 highly uncertain 
models (emission scenarios, global air-ocean circulation, regional circulation, and biotic response), with high risk of 
error propagation and compounding. To minimize such risk and plan at a finer spatial scale, we advocate designing for 
diversity and interspersion of land facets – landscape units with uniform topographic and soil attributes. This coarse-
filter approach would conserve the arenas of biological activity, rather than the temporary occupants of those arenas. 
Because topography, soils, and (changing) local climate determine biodiversity, conserving a diversity of land facets 
should conserve biodiversity. In particular, wildlife linkages that contain continuous strands of different land facets 
should also contain continuous strands of future vegetation communities. We illustrate this new approach for four 
topographically diverse regions in Arizona. We used fuzzy clustering to identify land facets; this procedure analyzes 
millions of pixels, is insensitive to case order, and filters out poorly classified pixels. Our linkages also include a 
strand with high interspersion of land facets to promote ecological processes, evolutionary interaction, and range shift. 
Designs based on land facets are not biased toward data-rich areas, and can be applied where no maps of land cover 
exist. 

3D VISUALIZATIONS AND ANIMATIONS OF ARCHEOLOGICAL SITES ALONG THE COLORADO RIVER 
OFFER VALUABLE INSIGHT TO RESEARCHERS, MANAGERS, AND THE PUBLIC 

BROWN, KRISTIN1, Kirk C. Anderson2, Ted Neff3

1Museum of Northern Arizona and Northern Arizona University, Geography Department, Flagstaff Arizona, 86001, 
kmb282@nau.edu; 2Northern Arizona University and Museum of Northern Arizona, Flagstaff, Arizona, 86011, Kirk.
Anderson@nau.edu; 3Museum of Northern Arizona, Flagstaff, AZ 86001, TNeff@mna.mus.az.us

Archeological sites recently excavated along the Colorado River in Grand Canyon National Park are located on ter-
races flanking the Colorado River. Steep cliffs rise above the terraces and define the furthest extent of the terrace 
away from the river. Arroyos cutting through the terraces to the Colorado River provide a channel for periodic runoff 
draining the surrounding cliffs. These physical features are important in understanding site landscape processes. 
Colorado River flooding, aeolian reworking, and hillslope sedimentation are the three primarily processes contributing 
to the formation of site stratigraphy. Localized sheetwash processes are also important in modifying the site land-
scape. The interaction of these depositional processes, combined with the narrow river corridor and steep cliffs, create 
complexly-related constructional landforms. Add to this the nearly constant modification caused by erosion during the 
Holocene, and the history of landscape evolution related to archaeological questions becomes a challenging oppor-
tunity for researchers and cultural resource managers. However, with the help of GIS modeling, three-dimensional 
visualizations provide an exciting venue from which to view, analyze, and interpret the cultural-geomorphic setting. 
Three dimensional visualizations and animations are created for several archaeology sites using ESRI ArcGIS and 
ArcScene. These graphics effectively give the viewer a more powerful and in-depth visual description of the site 
location and surrounding topography as well as establish how physical processes may affect the landscape of a site. 
For example, visualizations of historic seasonal flooding of the Colorado River reveal information pertinent to site 
landscape processes. Visualization techniques enhance comprehension of important processes and assist research-
ers in drawing conclusions and managers in making decisions about how best to monitor and preserve these cultural 
resources. Visualization techniques are also instrumental in conveying important information to the general public as 
an educational media.
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EVOLUTION OF THE CESU NETWORK: 10 YEARS OF SUCCESS 

BROWN, PERRY1

1College of Forestry and Conservation, University of Montana, 32 Campus Drive, Missoula, MT 59812, perry.
brown@umontana@edu

The Cooperative Ecosystems Studies Unit (CESU) National Network was established 10 years ago with four CESUs: 
Colorado Plateau, Rocky Mountains, North Atlantic Coast, and Southern Appalachian. Based upon “fuzzy” biogeo-
graphic boundaries, the Network has grown to a total of 17 CESUs that blanket the US. CESUs are a federal agency 
and university partnerships to provide research, technical assistance and education to resource and environmental 
managers. As “Virtual” organizations, CESUs link agencies to increased access to expertise and facilities. Currently 
in the Network there are 13 Federal Agencies and over 200 university partners. CESUs have been quite successful in 
facilitating projects that involve natural, social, and cultural sciences needed to address resource issues. We expected 
CESUs to provide research for the Agencies. A pleasant surprise, however, is the number of technical assistance (TA) 
projects that have occurred through the CESUs. These projects tend to be short-term, where university expertise is 
engaged to help solve a problem. Another added bonus of TA projects is student involvement in current and “real 
world” management issues.

A BEHAVIOR-BASED MODEL OF ECOLOGICAL CHANGE IN COUPLED HUMAN-NATURAL SYSTEMS: 
THE CASE OF INVASIVE PLANTS IN THE U.S. SOUTHWEST 

BRUNSON, MARK W.1

1Ecology Center and Dept. of Environment and Society, Utah State University, Logan, UT 84322-5215

Increasingly scientists study environmental change through the lens of “coupled human and natural systems,” seek-
ing to reveal complex patterns and processes that would not be evident if research focused solely on ecological or 
social components of systems. New models are being proposed to guide studies of the connections between social and 
ecological systems, and to inform decisions about tradeoffs between human activities and ecosystem services. Often 
such models are “top-down,” focusing on larger-scale processes (e.g., climate change, human demographic shifts) that 
affect local populations or communities. Yet human-natural system interactions often operate across scales following 
non-linear trajectories. Thus it is important not only to understand top-down processes that influence the character 
and direction of change, but also bottom-up processes that create variability in responses between communities and 
populations. This poster presents a coupled-systems model that focuses on the role of human behavioral variability 
in influencing variation in ecosystem response. Human behavior depends on factors common across large popula-
tions (e.g., economic conditions, cultural tendencies) and ones that are highly localized (e.g., individual experience, 
knowledge transmission through local social systems). In this poster I present a model of coupled human-natural 
system processes for the Colorado Plateau, incorporating large-scale socio-demographic and economic factors as well 
as attitudinal and behavioral factors expressed at individual property or community levels. To test the model I apply 
data from a study conducted in selected Southwest communities that examined knowledge, attitudes, and preferences 
regarding invasive rangeland plants, then I link those to invasive plant data. Results show perceptions of invasive 
plants and their management vary with landowner- and county-level characteristics, and these can be linked to inva-
sive species presence and abundance.

Pollination, pollinators, and promise for forb seed farming and sustainable 
rehabilitation

Cane, James H.1 
1Research Entomologist, USDA-ARS Bee Biology and Systematics Lab, Utah State University, Logan, UT 84322; 
Jim.Cane@ars.usda.gov
 
Public land managers desire seed of perennial wildflowers, mixed with grass and shrub seed, for restoration of mil-
lions of acres of sage-steppe, pinyon-juniper and aspen communities degraded by altered wildfire regimes, poor 



grazing practices, and the introduction of exotic grasses and forbs. For 15 candidate wildflower species to be farmed 
for seed production, most all have been found to need pollinators, typically bees (Apiformes), for good fruit and seed 
production. Some can be pollinated with currently managed bees (honey bees, alfalfa leaf-cutting bees), but for others, 
management protocols and starting populations are being developed for suitable species of native Osmia bees. Instruc-
tive examples relevant to the Colorado Plateau for species of globemallow (Sphaeralcea), sweetvetch (Hedysarum) 
and beeplant (Cleome) are given.

IF YOU PRESERVE IT, THEY WILL COME: AN IN-DEPTH LOOK AT VISITORS TO EL MORRO NATIONAL 
MONUMENT

CARR, KATIE1, Martha Lee1

1School of Forestry, Northern Arizona University, 200 East Pine Knoll Drive, Room 116, Flagstaff, AZ 86001-5018, 
kec92@nau.edu, ml434@nau.edu

EL Morro National Monument, located in New Mexico, manages and preserves Inscription Rock, a sandstone bluff 
that contains written inscriptions dating back to 1604. Ancestral Puebloans, Spanish and American travelers, attracted 
to the area by a reliable source of water, carved over 2,000 signatures, dates, messages, and petroglyphs. Current 
visitors are drawn to the area for a glimpse of the past through the inscriptions, petroglyphs, and ruins in the monu-
ment. We conducted a survey at the national monument to collect information on visitors and their perception of the 
monument. Park staff and volunteers distributed and collected close to 1,000 surveys between August 2008 and July 
2009. Results of the survey focus on the individual characteristics of visitors to the national monument, features of 
their visit, as well as what was most and least enjoyed by visitors. The average group size was 2 people, although 
groups as high as 23 were recorded. Sixty percent of visitors came as part of a larger travel plan, while 40% came for 
a day outing to El Morro. Over 70% of visitors indicated that they visited El Morro “to enjoy nature”, to “see Spanish 
or English Inscriptions”, to “see ruins”, and/or to “see petroglyphs”. Visitors were asked to respond to an open-ended 
question asking what they most enjoyed about their visit to El Morro. The top two categories were scenery/beauty/
views and inscriptions/petroglyphs/ruins. Overall visitors were happy with the current management of El Morro 
National Monument, and were supportive of the primitive nature of the park’s surroundings. The results of this study 
will greatly benefit the managers of El Morro and will be used in development of a new general management plan for 
the park.

CONSERVATION IMPLICATIONS OF COARSE-SCALE VERSUS FINE-SCALE MANAGEMENT OF 
FOREST ECOSYSTEMS: ARE RESERVES STILL RELEVANT?

CARROLL, CARLOS 1 

1Klamath Center for Conservation Research, Orleans, CA 95556, carlos@klamathconservation.org

The Northwest Forest Plan (NWFP) was among the first efforts globally to address a comprehensive suite of conser-
vation goals using a planning strategy integrating conservation of terrestrial and aquatic species at fine and coarse spa-
tial scales. In this session we examine the scientific foundation of the NWFP in the light of current research and sug-
gest methods for increasing its efficacy in the light of emerging threats to biodiversity such as climate change. Major 
revisions to the Northwest Forest Plan, including expansion of thinning projects, have recently been proposed as a 
means to address altered fire regimes and increase timber supply. These proposals have primarily focused on develop-
ment of fine-scale management standards. However, incorporating such stand-level management within a broad-scale 
planning strategy remains necessary to evaluate and mitigate cumulative impacts such as soil erosion and compaction 
that may result from intensive management such as thinning. Reserves, or zones of low-intensity management, remain 
a key element of such a management strategy, affording practical benefits that are hard to achieve by other means. The 
NWFP was conceived a dynamic strategy that would be updated based on monitoring results and advances in ecosys-
tem science. Among these advances are new methods of integrating models of climate change resilience and wildlife 
connectivity into regional conservation plans. I use the example of the NWFP and the challenges it has and will face 
to draw broader lessons on future directions for regional conservation planning in western North America.
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RESPONDING TO CLIMATE CHANGE, RANGE MANAGEMENT THAT PROMOTES RESILIENT 
HABITAT

CATLIN, JAMES1

1Wild Utah Project, 68 S. Main Street, Salt Lake City, Utah 84101, jim@wildutahproject.org 

Climate change forecasts call for increased drought in the West. Rightly so, many are now engaged in analyzing pos-
sible climate impacts to habitat and addressing climate affecting emissions. The impacts described by the National 
Drought Mitigation Center call for increasing damage to habitat and wildlife based on drought intensity. These 
predicted impacts are based on today’s habitat conditions. As we respond to climate change, it is equally important 
to understand habitat resilience and its role in reducing the impacts that have been forecast. Our studies, conducted 
over the past five years, have shown that the drought impacts described by the National Drought Monitor are consis-
tent with impacts we have see on many BLM and Forest Service rangelands. In measuring habitat resilience, we have 
also discovered that most of these public rangelands have today lost much of their resilience and, thus, these forecasts 
assume that rangelands in the future will also be degraded. Our work also studies the effects of drought on habitat that 
is near its ecological potential. Our findings offer hope and a solution. For habitat at its ecological potential, the resil-
ience found significantly reduces the impacts from drought. We have an opportunity to reduce the impacts of climate 
change by improving habitat resilience. If true, then how do we assess habitat resilience and then manage to protect 
or, where needed restore habitat resilience? Does current agency monitoring management supply the information we 
need? Our long-term comparative field case studies offers some answers to these questions.

SPATIAL SYNCHRONY IN SNOWSHOE HARES: PATTERNS, PROCESSES, AND WHO CARES?

CHENG, ELLEN1, L. Scott Mills2, and Karen E. Hodges3  
1Wildlife Biology Program-University of Montana, 32 Campus Drive, Missoula, MT 59812, ellen.cheng@umontana.edu
2Wildlife Biology Program-University of Montana, 32 Campus Drive, Missoula, MT 59812, lscott.mills@umontana.edu
3Biology and Physical Geography, University of British Columbia-Okanagan, 3333 University Way, Kelowna, B.C. V1V 
1V7, Canada, karen.hodges@ubc.ca

Key ecological processes such as predation, migration, and pollination are being lost globally as a consequence of 
human actions. One such process is spatial synchrony, a less studied but widespread phenomenon occurring in many 
taxa. Identifying patterns and mechanisms of synchrony is fundamental to understanding factors that influence animal 
numbers and large-scale population dynamics, with implications for conserving ecological systems of importance to 
humans. Here, we ask: To what extent do landscape-level changes alter the legendary synchrony of snowshoe hare 
cycles? Collecting the long-term, geographically extensive data required to study large-scale dynamics is often beyond 
the means of any single research program. We present an opportunistic approach to empirical synchrony analysis. We 
combine time series and genetic data provided by hunters and trappers, government agencies, and disparate research 
efforts conducted over varying time and geographic scales, to evaluate one commonly proposed mechanism—disper-
sal—for the synchrony of snowshoe hare cycles across much of Canada and Alaska. We compiled snowshoe hare time 
series and genetic data from almost 100 sources distributed across 12 of the 13 Canadian provinces/territories and 16 
of the 26 U.S. states where snowshoe hares occur. We used simulation modeling and genetic techniques to assess how 
landscape processes influence dispersal and large-scale dynamics of snowshoe hares. Our findings raise the possibil-
ity of collapsing cyclic dynamics and changing synchrony patterns among snowshoe hare populations in parts of their 
range. They also raise a different point: Long-term time series are rare, and shorter-term datasets tend to be insuffi-
cient for synchrony analyses. The choice for researchers will be to set aside study of complex, large-scale ecological 
dynamics such as synchrony until better data are available, or to find ways to develop stronger inference from the 
available data.



USING PAST AND ONGOING VEGETATION AND CLIMATE CHANGE TO MODEL THE FUTURE: AN 
EXAMPLE USING JOSHUA TREE

COLE, KENNETH, L.1, Kirsten Ironside2, Jon Eischeid3, Gregg Garfin4, Phil Duffy5, and Chris Toney6

1USGS Southwest Biological Science Center, Colorado Plateau Research Station, Flagstaff, AZ 86011, kenneth.cole@
nau.edu; 2Merriam-Powell Center for Environmental Research, Northern Arizona University, Flagstaff, AZ 86011, 
Kirsten.Ironside@nau.edu; 3NOAA Earth Systems Research Laboratory, Boulder, CO 80305, Jon.K.Eischeid@
noaa.gov; 4Institute of the Environment, University of Arizona, Tucson, AZ 85719, gmgarfin@email.arizona.edu; 
5Lawrence Livermore National Laboratory, Merced, CA, pduffy@llnl.gov; 6USDA Forest Service, Rocky Mountain 
Research Station, Missoula, MT 59808, christoney@fs.fed.us

The future distribution of Joshua tree is projected by combining a geostatistical analysis of Twentieth Century cli-
mates over its current range, future modeled climates, and paleoecological data showing its response to a past similar 
climate change. As climate rapidly warmed about 11,700 years ago, the range of Joshua tree contracted, leaving only 
the populations near what had been its northernmost limit. Its ability to spread northward into new suitable habitats 
after 11,700 years ago may have been inhibited by the somewhat earlier extinction its megafaunal dispersers, includ-
ing the Shasta Ground Sloth. We applied a model of climate suitability for Joshua tree, developed from its Twentieth 
Century range and climates, to future climates modeled through a set of six individual GCM models and one suite of 
22 models for the late Twenty-first Century. All distribution data, observed climate data, and future GCM results were 
scaled to spatial grids of ~1 and ~4 km in order to facilitate application within this topographically complex region. 
All of the models project the future elimination of Joshua tree throughout most of the southern portions of its current 
range. Only a few populations within the current range are predicted to be sustainable. Several models project signifi-
cant potential future expansion into new areas beyond the species’ current range, but it’s historical and current rates 
of dispersal would seem to prevent natural expansion into these new areas. Several areas are predicted to be potential 
sites for relocation or assisted migration if this is determined to be desirable and feasible.

SHINARUMP BECOMES YOU: THE EVOLVING ROLE OF CERAMICS IN GRAND CANYON 
PREHISTORY

COLLETTE, JIM H.1

1Museum of Northern Arizona, 3101 N. Fort Valley Road, Flagstaff, AZ 86001; jcollette@mna.mus.az.us

What can ceramic artifacts tell us about the changing dynamics of culture history and identity in the Grand Canyon? 
For over 40 years our understanding of inner Canyon prehistory during the period from ca. A.D. 500 to A.D. 1300 
largely hinged on results from excavations carried out by the School of American Research at Unkar Delta and else-
where. Since then, large scale surveys and several testing projects have alluded to a more complex picture of Grand 
Canyon prehistory. Now, with the completion of ceramic analysis from the Museum of Northern Arizona/Grand 
Canyon National Park River Corridor Archaeological Project (MNA/GRCA RCAP), we have new data from nine 
excavated sites that span 300 years of history, over 200 river miles, and both sides of the Colorado River. The results 
demonstrate at least three major periods of use during the Pueblo I through Pueblo III Periods (A.D. 1000-1250) and 
three different trajectories of migration and settlement, from early forays at Crash Canyon and Palisades, to substan-
tial, multi-layered pueblos at Furnace Flats. The results also illustrate a changing settlement pattern from logistical 
and seasonal use by individuals who made their permanent home elsewhere, to year-round habitation by families who 
likely identified themselves as “Peoples of the Canyon”—in whatever language that was uttered. In so doing, their 
ceramics evolved from archaeological types we readily recognize to local, regional and idiosyncratic types and wares 
that have baffled archaeologists for over 75 years. Ceramic analysis from the MNA/GRCA RCAP excavations is the 
latest attempt to describe and understand the changing role of pottery use, exchange, and manufacture in the Grand 
Canyon, and its implications for cultural identity.
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DATA BASIN: EXPANDING ACCESS TO CONSERVATION DATA, TOOLS, AND PEOPLE

COMENDANT, TOSHA1, James Strittholt1, Brendan Ward1, and Pamela Frost1

1Conservation Biology Institute, 136 SW Washington, Suite 202, Corvallis, OR 97333, tosha@consbio.org, stritt@
consbio.org, bcward@consbio.org, pfrost@consbio.org

The best available science is often not used in conservation decision-making. Mapping and spatial analysis are a 
fundamental part of problem solving, yet spatial data are widely scattered, difficult to locate, and often unavailable. 
Valuable time and resources are wasted locating and gaining access to important biological, cultural, and economic 
datasets, information and experts. As conservation problems in the Colorado Plateau, Southwestern United States, 
Mexico and other parts of the globe, become more serious and the demand to solve them grows more urgent, a new 
way to connect science and practice is needed. To meet this need, an open-access, web tool called Data Basin has 
been created. Users can gain quick access to datasets, experts, groups, tools, and applications to help solve real-world 
problems. Individuals and organizations can perform essential tasks such as exploring and downloading from a vast 
library of conservation datasets, uploading existing datasets, connecting to other external data sources, create groups, 
and producing customized maps that can be easily shared. Data Basin encourages sharing and publishing, but also 
provides privacy and security for sensitive information when needed. Publish your own projects within Data Basin 
to tell more complete and rich stories of discovery and solutions. Projects are an ideal way to publish collections of 
datasets, maps and other information on the internet to reach wider audiences. Data Basin also houses individual 
centers that provide direct access to specific geographic areas or conservation topics. Current centers being developed 
include the Boreal Information Centre and the Climate Adaptation Center. Additional centers (including a Freshwater 
Conservation Center) are being considered.

Agent-based movement models to assess functional connectivity and disease 
transmission in fragmented landscapes

Crooks, K. R1, J. A. Tracey1, S. VandeWoude1

1Colorado State University, Fort Collins, Colorado 80523, kevin.crooks@colostate.edu, jeff.tracey@colostate.edu, 
sue.vandewoude@colostate.edu

The vast reach of humans and the resulting fragmentation of natural landscapes are of major concern to conservation 
scientists, resource managers, and the general public. Anthropogenic landscape changes alter functional connectivity 
and many associated ecological processes, including patterns of disease transmission within and among species. Our 
ability to anticipate the consequences of landscape alteration on both connectivity and disease transmission depends in 
part on our ability to model animal movement behavior in response to landscapes. We present agent-based models for 
movement behavior by animals and their applications to assess connectivity in fragmented landscapes. We describe 
the theoretical and methodological foundations of these models and present results from such evaluations using GPS 
tracking data for puma and bobcats. We illustrate movement simulations from parameterized models in the highly 
fragmented landscape of coastal southern California and methods for visualizing simulation results. We conclude 
that agent-based movement models can be a useful tool in the evaluation and prediction of functional connectivity in 
fragmented systems. 

DISEASE IN THE NEW WEST: HIERARCHICAL MAPPING OF BRUCELLOSIS INCREASES IN 
WYOMING ELK

CROSS, PAUL1, William H. Edwards2, Brandon M. Scurlock3

1U.S. Geological Survey, Northern Rocky Mountain Science Center, Bozeman, Montana 59717, pcross@usgs.gov;
2Wyoming Game and Fish Department, Laramie, Wyoming 82071, Hank.Edwards@wgf.state.wy.us; 3Wyoming Game 
and Fish Department, Pinedale, Wyoming 82941, brandon.scurlock@wgf.state.wy.us

While many wildlife species are threatened, some populations have recovered from previous overexploitation. Limited 
data exist linking these population increases with disease dynamics and few studies have estimated the functional 



relationship between host density and parasite transmission or prevalence, particularly in large mammals. We applied 
hierarchical Bayesian methods to a 17 year dataset on elk brucellosis across Wyoming. We show that free-ranging 
elk are now a maintenance host for Brucella abortus in new areas of the Greater Yellowstone Ecosystem (GYE) with 
seroprevalence levels that are comparable to some regions where elk are artificially aggregated on supplemental feed-
ing grounds. Increases in brucellosis from 1991 to 2008 were correlated with elk densities, but the effects of high elk 
densities tended to saturate around one elk/km2. There are several other possible mechanisms for this increase that we 
evaluated using statistical and population modeling approaches. Simulations of an age-structured population model 
suggest that high levels of seroprevalence are unlikely to be sustained by dispersal from areas with supplemental feed-
grounds or a changing age structure. Increases in brucellosis seroprevalence and the total elk population size in areas 
with feedgrounds have not been statistically detectable. Therefore, the data suggest that enhanced elk-to-elk transmis-
sion in free-ranging populations may be occurring. Elk populations inside and outside of the GYE that traditionally 
did not maintain brucellosis may now be at-risk due to recent population increases. In particular, some neighboring 
populations of Montana elk were five to nine times larger in 2007 than in the 1970’s with some aggregations that 
were comparable to the Wyoming feedground populations. Addressing the unintended consequences these increas-
ing populations is complicated by limited hunter access to private lands that places many ungulate populations out of 
administrative control. 

STATUS AND STEWARDSHIP OF DESERT TORTOISES IN SPRINGDALE, UTAH 

CROW, CLAIRE1

1Zion National Park, Springdale, UT 84767, claire_crow@nps.gov

The desert tortoise (Gopherus agassizii) population in Zion National Park and Springdale, Utah, is at the northeastern 
limit, and the elevational limit, of the range of this species. Previous surveys indicate small population size, and low 
female:male and young:adult ratios. Recently, development has begun on private land in tortoise habitat bordering the 
park. In March-May 2008, I conducted line transect distance sampling surveys in tortoise habitat within park bound-
aries. I detected tortoise scats in 26 of 36 of (72%) 1-hectare quadrats, and burrows in 11 quadrats (31%). I detected 
seven tortoises between 5 May and 22 May; one tortoise was detected twice. Two detections occurred on transects, the 
remainder were opportunistic. I radio-tagged and monitored all detected tortoises. They shared shelters in groups from 
early June through mid-August, and began grouping again in mid-October until emerging from hibernation in March 
2009. Weekly telemetry monitoring resulted in observations of seven untagged tortoises, including 2 yearlings and an 
additional female. Telemetry monitoring may be a more effective method than line transect surveys for determining 
the status of this population. Over 40 posters and 27 activities were created and presented to the local community in 
seven educational events. Event messages progressed from generating interest in desert tortoises to providing tools 
for citizens to participate in desert tortoise stewardship. Average attendance was 209 people. Following this outreach, 
the number of tortoise sightings reported by local citizens increased to 5, from 0 reports each year in the past. These 
reports included the second- and third-ever sightings on the east side of State Route 9 in Springdale. Although uncon-
firmed, these reports are critical to understanding which parts of Springdale are used by desert tortoises.

COLLABORATIVE LAND MANAGEMENT AND THE MONITORING OF SOUTHWEST RANGELANDS

CULTRA, CARRIE A.1 , Thomas D. Sisk2, Derrick Widmark3 and Norm Wallen4

1Northern Arizona University, Center for Sustainable Environments, Flagstaff, AZ 86001. cac332@nau.edu; 2North-
ern Arizona University, Center for Sustainable Environments, Flagstaff, AZ 86001. Thomas.sisk@nau.edu; 3Diablo 
Trust, Flagstaff, AZ 86001, dw92@nau.edu; 4Diablo Trust, Flagstaff, AZ 86001, 

Successful natural resource management in the face of uncertainty requires the ongoing collection and use of knowl-
edge to guide the adjustment of management efforts. Under most theories of adaptive management, knowledge 
is generated through targeted monitoring programs that provide information on trends in key variables reflecting 
progress toward management goals. Monitoring itself requires long-term commitments both to data collection and to 
the validity of information that results from such efforts. To evaluate and refine an on-going monitoring program and 
its effectiveness in guiding adaptive management, we worked with the Diablo Trust, a collaborative land management 
team that collaboratively designed and in 2005 implemented a novel monitoring program that encompasses ecological 
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and socioeconomic factors. The IMfoS (Integrated monitoring for sustainability) program has garnered broad sup-
port from state and federal agencies, as well as the two participating ranches and community members. To assess its 
utility, we carried out a full sampling effort, including field measurements and surveys. Our assessment demonstrated 
the IMfoS program remains effective overall, but that initial design elements have proven too demanding for sustained 
implementation by this collaborative group. We also found that economic variables and those that measure the orga-
nization’s functionality are sensitive issues to many and, therefore, difficult to measure. We suggest refinements to 
IMfoS that will protect its value for adaptive management while simplifying somewhat the monitoring protocols, both 
for ecological and socioeconomic indicators.  

A Cultural Landscape Study and Site Management Recommendations for 
Inscription Trail Loop, El Morro National Monument

D’Ambrogi, Taryn1, and Randall Mason1

1Historic Preservation, University of Pennsylvania, 3451 Walnut Street, Philadelphia, PA 19104,

El Morro National Monument represents the intertwining of Ancient Puebloan, Spanish and Anglo-American cultures 
through over 2,000 petroglyphs, pictographs, signatures, proclamations, and poetry carved into the sandstone face of 
the rock. Designated as a the second National Monument in 1906, El Morro’s rich history as a protected site offers 
a unique opportunity to examine the tenant of preservation in site management. The integrity of the Monument is 
closely tied to the condition of the physical environment as well as to the condition of the cultural landscape. El Morro 
currently faces several threats to the overall health and significance of the site, prominently the risks of deterioration 
of the inscriptions from weathering and erosion. The qualities of the sandstone that make the cuesta an easy surface 
for carving inscriptions also make it vulnerable. Eventually most, if not all, inscriptions will be lost by weathering, 
clay silting, and rock falls. For this reason, preservation policies play an integral role in the management of El Morro.  
Recognizing the value, and to some extent the impermanence, of the inscriptions, preservation efforts were legally 
mandated after the National Monument designation and generally concerned with the preservation of the inscriptions 
above all other aspects of the site. By the late 1980s and early 1990s, management acknowledged that more emphasis 
should be placed on the deterioration methods and possible solutions. Coinciding with increased formalization of the 
preservation and conservation field, the Monument advanced a more formalized preservation program that involved 
conservation experts and advanced a scientific approach to conservation. The result was the El Morro Inscription 
Preservation Program, a series of interrelated projects directing documentation, research, scientific experimentation, 
treatments, monitoring, and maintenance of the inscriptions. Despite the numerous studies of El Morro emphasizing 
archeological resources, preservation issues, vegetation, and general site history, none have taken a holistic view that 
connects both the natural and cultural history and dynamics of the site. Although policy and programs have evolved 
and expanded to embrace these values, an overarching general management strategy has not been instituted at El 
Morro. Therefore, a holistic appreciation and awareness of the broader context has been slower to appear through 
preservation methods. Focusing on inscription preservation alone does not protect the wider significance of El Morro; 
understanding the multiple influences and contributors to site significance and managing according to their intercon-
nectedness places erosion and weathering management into a broader context. In 2008, El Morro National Monument 
entered an agreement with the University of Pennsylvania to create a Cultural Landscape Report (CLR) for the site. 
The CLR will help to define a direction for management and, in particular, serve as the primary treatment document 
for the overall landscape and as a tool to guide long-term management. 



Establishing a framework for multi-species fish conservation on mid-sized 
streams of the Upper Colorado River Basin

Dauwalter, Daniel C.1, John Sanderson2, Jack E. Williams1, James R. Sedell3

1Trout Unlimited, ddauwalter@tu.org, jwilliams@tu.org; 2The Nature Conservancy, jsanderson@tnc.org; 3National 
Fish and Wildlife Foundation, jim.sedell@nfwf.org

More than half of the 14 native fish of the Upper Colorado River Basin are species of concern. Considerable resources 
have been expended on endangered ‘big river’ fish and small headwater populations of cutthroat trout. Only recently 
has attention also been focused on mid-sized streams. Sympatric or proximate occurrences of native fish species in 
these streams present opportunities to achieve multiple conservation goals with one set of interventions. Colorado 
River cutthroat trout Oncorhynchus clarkii pleuriticus (CRCT), flannelmouth sucker Catostomus latipinnis, bluehead 
sucker Catostomus discobolus, and roundtail chub Gila robusta are species of conservation concern. CRCT are highly 
restricted to small headwater streams, and populations would benefit through reconnection of small populations into 
functioning metapopulations. The other three natives are declining due to habitat changes (flows, water quality, move-
ment barriers) as well as the presence of non-native species. We are investigating opportunities to simultaneously 
benefit all four species by (1) identifying mid-sized watersheds where relatively intact populations of CRCT and one 
or more of the other native species occur in proximity, and (2) identifying and quantifying relative risks and oppor-
tunities for conservation in each location. This work has been piloted above Flaming Gorge Reservoir and is being 
expanded throughout the Upper Colorado River Basin. 

UNDERSTANDING THE ROLE OF COMMUNITY IN CONSERVATION: EXAMPLES FROM WATERSHED 
MANAGEMENT

DAVENPORT, MAE1 and Dorothy Anderson2

1Department of Forestry, Southern Illinois University Carbondale, 1205 Lincoln Dr., MC: 4411, Carbondale, IL 
62901, e-mail: mdaven@siu.edu; 2Department of Parks, Recreation and Tourism Management, NC State University, 
Box 8004, 4008C Biltmore Hall, Raleigh, NC 27695, e-mail: dorothy_anderson@ncsu.edu

This paper examines community participation in conservation with a particular focus on watershed management 
issues and local level planning. Despite the efforts of federal land management agencies, programs, and policies, 
urbanization has continued at an alarming rate—an estimated 2.2 million acres a year (USDA 2001). These trends 
suggest that local land-use decisions—at the county, township, and municipal level—are critical to environmental 
planning and management. Community residents, organizations, and institutions are beginning to take notice of the 
effects of unplanned growth on ecological systems, economies, and quality of life. Through the collaborative planning 
and collective action of dedicated citizens, many communities across the nation are restricting land uses, adopting 
sustainable development practices, protecting critical water resources and habitats, and restoring altered ecosystems 
to ensure the provision of ecosystem services communities need into the future. Still, other communities continue 
“business as usual” land uses and development practices that compromise ecosystem health and in turn, the health and 
vitality of their communities. In some instances, public officials fail to understand the link between land uses, water 
resources, and quality of life. In other cases, communities lack the capacity to identify and achieve common goals. 
This paper explores two critical questions. What are critical capacities communities need to engage in sustainable 
watershed management? How can natural resource professionals, public officials and citizens work together at the 
local level to promote more effective ecosystem management and community planning? Case examples of the various 
roles communities play in watershed management are presented.
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The Janos grassland ecosystem: 20 years of synthesis and experimental research 
revealing new insights for conservation and management

DAVIDSON, ANA D.1,2, Sandra L. Brantley2, James H. Brown2, Juan Cruzado1, Ed L. Fredrickson3, David C. Light-
foot2, Rurik List1, Patricia Manzano-Fischer1, Eduardo Ponce1, Jesus Pacheco1, Georgina Santos2, Rodrigo Sierra1, and 
Gerardo Ceballos1

1Instituto de Ecología, Universidad Nacional Autónoma de México, México, DF, 04510 MX (Davidson@unm.edu); 
2Department of Biology, University of New Mexico, Albuquerque, NM 87131 USA, dlightfo@unm.edu; 3USDA, 
Agricultural Research Service, Jornada Experimental Range, Las Cruces, NM 88003USA

The United States-Mexico borderlands region harbors a vast, remote, and largely intact Chihuahuan Desert grassland 
ecosystem that stretches from Texas, Arizona, and New Mexico, through northern Chihuahua. The Janos grasslands 
of northern Chihuahua maintain one of the largest remaining black-tailed prairie dog colony complexes in North 
America and a high diversity of threatened and endangered wildlife. Yet, cattle grazing, agriculture, and drought are 
posing great threats to the region. We report on: 1) vertebrate population trends and landscape changes in the Janos 
grasslands over two decades, and 2) our experimental research on the separate and interactive effects of prairie dogs 
and cattle on the grassland ecosystem that is allowing us to address some of the greatest threats facing the region. Our 
results reveal dramatic, widespread declines across vertebrates over a 13-year period, including a 73% decline in the 
prairie dog colonies since 1988. Concomitantly, 6% (46,493 ha) of the Janos grasslands were lost from 1990 – 2000, 
with a 142% increase in bare ground cover (52,123 ha) and 342% increase in the number of crop fields. Our long-term 
monitoring has also shown that prairie dogs played an important role in maintaining and creating grasslands by sup-
pressing woody plants. Further, our experimental work indicates that cattle strongly associate with prairie dog colo-
nies, while prairie dog populations increase in patches grazed by cattle, and that together they have synergistic effects 
on grassland plants and animals that differ from their individual effects. Overall, our long-term data demonstrate a 
dramatic decline in biodiversity of the Janos grasslands, largely as a result of anthropogenic grassland degradation and 
likely also to the decline of a keystone species, the prairie dog. Our experimental work is providing new insights on 
the interactive effects of prairie dogs and cattle, fundamental to implementing proper management and conservation of 
this important grassland ecosystem.

A TRANSPARENT, ELEMENTAL, AND EFFECTIVE PROCEDURE FOR THE EVALUATION OF 
CONNECTIVITY BY CORRIDORS

DAVIDSON, DAVID L.1

1Physical Scientist, Retired, Unaffiliated, Trustee in Texas for The Nature Conservancy and volunteer to the Science 
Staff, ddavidson2314@earthlink.net

A method for evaluating the concept of corridors connecting preserves has been derived on the basis that it can be exe-
cuted on a spread sheet, transparent in the sense that the results can easily be related to assumptions, and results can 
be obtained rapidly for any group of preserves. The probability of finding a species within a corridor uses the Hanski 
population probability function and the suitability of habitat for species occupancy is evaluated using Google Earth. 
This procedure allows the evaluation of whether there is likely to be any merit in assuming that a viable corridor exists 
between two preserved areas, where additional areas could be preserved that would strengthen a corridor, and whether 
a group of preserves can be considered a network. Preserve clusters in the Edwards Ecoregion (Texas Hill Country) 
and in the Columbia Bottomlands (Brazos River, Texas) have been analyzed with this procedure, and these will be 
used to illustrate the results attainable. 



RESTORING RIPARIAN ECOLOGY, HISTORY AND TRADITION: CANYON DE CHELLY NM 
COOPERATIVE WATERSHED PROJECT

DELA CRUZ, MICHELLE P.1, Keith D. Lyons2, Teresa L. Johnstone3

1National Park Service, Canyon de Chelly NM, PO Box 588, Chinle, AZ 86503, michelle_dela_cruz@nps.gov 
2National Park Service, Canyon de Chelly NM, PO Box 588, Chinle, AZ 86503, keith_lyons@nps.gov 
3National Park Service, Canyon de Chelly NM, PO Box 588, Chinle, AZ 86503, tess_johnstone@nps.gov 

Invasive tamarisk and Russian olive invasions have seriously altered both natural and cultural landscapes through-
out the southwest. Since 2004 at Canyon de Chelly NM, work has occurred to restore the canyons on many levels 
– 1) riparian ecology, 2) traditional/ ethnological uses by the Navajo people, 3) protection of archeological/cultural 
resources from erosion and fire hazards, and 4) enhancement of the visitor experience through improved viewsheds 
and interpretation of the natural and cultural landscapes. Through collaborative planning with canyon residents and 
pilot research projects by Colorado State University that include exotic removal methods, removal effects on geomor-
phology, and revegetation techniques, this project has taken the initial steps to improve the watershed and revitalize 
traditional farming and land stewardship. Though the majority of work thus far has focused on exotic removal, the 
project is moving forward to develop a revegetation plan with the goal of long-term sustainability of canyon ecology 
and traditional subsistence use.

NORTHWEST FOREST PLANNING UNDER CLIMATE CHANGE ADAPTATION STRATEGIES: GLOBAL 
MODEL OR STUCK IN THE PAST?

DellaSala, Dominick A.1

1National Center for Conservation Science & Policy, Dominick@nccsp.org

The Northwest Forest Plan has been widely acknowledged as a global model for landscape conservation.  Developed 
in 1994, the plan coordinated federal lands management over ~10 million ha, reducing federal logging levels by 80% 
and shifting to ecosystem management and biodiversity conservation.  Since then the plan has survived numerous 
attempts to weaken its conservation provisions but has yet to adjust to climate change impacts.  In this talk, I pro-
pose a strategy for Northwest forests based on fundamental conservation biology principles as viewed through the 
lens of climate change mitigation and adaptation.  For climate change mitigation, Northwest forests are among the 
world’s champions in biological carbon sequestration and need to be managed to optimize carbon stores.  For climate 
change adaptation, intact areas, such as roadless areas, need to be protected to allow wildlife to disperse in response 
to climate-forced migrations and to maintain resilient and resistant properties of ecosystems.  Fundamental to adapta-
tion strategies is the reduction of ecosystem stressors such as fragmentation, livestock grazing, energy development, 
invasive species, ORV use, and other stressors that compound climate change impacts.  For the Northwest Forest Plan, 
and forest management, in general, to evolve there is a need for a 21st century vision of these forests as they may hold 
the keys to our own adaptability given the many critical ecosystem services they provide.

Preparing for climate change BY BRINGING MULTIPLE INTERESTS TOGETHER TO DESIGN 
PREPARATION STRATEGIES in Oregon and California basins

DELLASALA, DOMINICK A1; Marni Koopman1; Rich Nauman1; Brian Barr1; Cindy Deacon Williams1; Roger 
Hamilton2, and Bob Doppelt2

1 The National Center for Conservation Science & Policy, 84th St., Ashland, OR 97520, dominick@nccsp.org, marnik-
oopman@yahoo.com, rich@nccsp.org, brian@nccsp.org, cdwill@medford.net; 2 The Climate Leadership Initiative, 
Institute for a Sustainable Environment, University of Oregon, Eugene, OR 97403, grh@uoregon.edu, bdoppelt@
uoregon.edu

While the field of “adaptation” is growing as a discipline, there are scant examples of how to bring together often 
competing interests to co-design strategies that maintain resilient and resistant properties of ecosystems in the face of 
climate change and humanity’s ever growing ecological footprint. Here, we present case studies conducted in Califor-
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nia and Oregon basins that were designed to develop broadly supported preparation strategies for climate change at 
the local level. The approach makes use of temperature, precipitation, stream flow, and vegetation projections down-
scaled from global climate change models (mid and late century, A2 emissions) to specific basins. Multi-stakeholder 
(sectors) workshops consisting of community leaders are then given the projections and asked to make general recom-
mendations on appropriate preparation. This approach is applicable for designing robust strategies with local buy-in 
and can be scaled up later to influence preparation strategies at the state and federal levels. Surprisingly, there was 
considerable agreement across sectors on the importance of climate change preparation and for dealing with it now. 
While recommendations differed among regions, some commonalities became evident, including restricting develop-
ment in floodplains and fire-sheds in order to reduce costs of climate-induced floods and wildfires, which already are 
taxing community services. We conclude that failing to prepare now for global climate change will only increase the 
“procrastination penalty” for future generations in terms of costs to both society and biodiversity. By the mid to later 
century, per household costs of climate related impacts in Oregon alone will rise to nearly $5,000 annually. Investing a 
small portion of these costs now in preparation will reduce economic impacts later from run away climate change and 
its impacts across sectors. 

Status of Endangered Small White Lady’s-slipper (Cypripedium candidum) orchid in 
Canada and its recovery planning

DHAR, Aamalesh1, and Anne C. Worley1

1Department of Biological Science, University of Manitoba, Winnipeg, MB, Canada, R3T 2N2, amaleshdhar@gmail.
com, worleyac@ms.umanitoba.ca

The small white lady’s-slipper (Cypripedium candidum) is an attractive endangered prone of extinction perennial 
orchid that inhabits in open areas of prairie and fen habitats. It occur relatively isolated populations at southern 
Ontario and southern Manitoba in Canada and eastern and western parts of the U.S.A. From the different studies it 
was found that there are 8 populations in southern Ontario and 15 populations in southern Manitoba. Among them 
one population in Manitoba and one in Ontario contain three-quarters of all of Canada’s small white lady’s slip-
pers whereas rest 13 populations have less than 100 individuals and some of these consist of only a few plants along 
roadside ditches. The overall most significant risk factors for the viability of the populations are industrial, urban 
and agricultural development activities, encroachment by invasive weeds and woody plants, hybridization with other 
lady’s-slipper species, inbreeding due to small, isolated populations, and orchid collecting. For protection and conser-
vation of Small White Lady’s-slipper in field level may require increase the public awareness, control the hybridiza-
tion with other lady’s-slipper by increasing the population abundance, a multi dimensional and institutional approach 
for implementation of conservation activities as well as a well defined management strategy. The Population Viability 
Risk Management (PVRM) framework can be used for development and evaluation of conservation strategies for 
maintenance the viability of this species because this framework is based on a qualitative assessment of the probabili-
ties for decrease of the white lady’s slipper population along with scenarios at different environmental conditions.

POPULATION DECLINE OF SONORA MUD TURTLE (KINOSTERNON SONORIENSE) AT MONTEZUMA 
WELL, ARIZONA

DROST, CHARLES A. 1, Jeffrey E. Lovich 2

1USGS Southwest Biological Science Center, 2255 N. Gemini Drive, Flagstaff, AZ 86001, charles_drost@usgs.gov; 
2USGS Southwest Biological Science Center, 2255 N. Gemini Drive, Flagstaff, AZ 86001, jeffrey_lovich@usgs.gov

The Sonora mud turtle is a poorly-known turtle restricted to aquatic habitats in the desert Southwest and adjacent 
Mexico. The unique, thermally-stable spring-fed aquatic system at Montezuma Well supports a population of Sonora 
mud turtles, but it is also home to non-native red-eared slider turtles (Trachemys scripta), introduced to the Well 
some time before 1970. In 2007 and 2008, we conducted a study of the biology and ecology of the turtles in Mon-
tezuma Well, which included removing all non-native sliders that we captured. In addition to analyses of behavior, 
diet, reproduction, and other aspects of ecology, we compared our capture data and population estimates to earlier 
studies of mud turtles in the Well, conducted in 1983 and 1999. These comparisons show a sharp downward trend 



in both capture rate and calculated population estimates from 1983 through the present. This decline appears to be 
continuing, as numbers and population estimates in 2008 were substantially lower than in 2007. A shift in age / size 
structure toward more larger / older turtles and fewer small individuals suggests reduced recruitment to the mud turtle 
population. The Montezuma Well population is isolated, with very little immigration or emigration, and the habitat 
conditions are remarkably constant: water temperature varies only a couple of degrees seasonally (from about 21–24 
C). There appear to be few significant predators of turtles in the Well, and little serious competition for resources. The 
most likely cause of the decline of Sonora mud turtles at the Well appears to be the non-native sliders, but we do not 
know what the mechanism is for the negative effect of sliders on mud turtles.

MOVING FROM LANDSCAPE CONNECTIVITY THEORY TO LAND USE PLANNING PRACTICE: THE 
CITY OF OAKVILLE 

Eagles, Paul F. J. 1, Elke Meyfarth2, and Graham Whitelaw3, 
1School of Planning, University of Waterloo, eagles@healthy.uwaterloo.ca; 2Cornwall Service Center, Parks Canada; 
3School of Planning, Queen’s University, whitelaw@queensu.ca

The Provincial Policy Statement published under the Ontario Planning Act states that “The diversity and connectiv-
ity of natural features in an area, and the long-term ecological function and biodiversity of natural heritage systems, 
should be maintained, restored or, where possible, improved, recognizing linkages between and among natural heri-
tage features and areas, surface water features and ground water features. “ Municipal planning must be consistent 
with this Policy. The City of Oakville proposed development in a very large area covering 3000 hectares of farmland, 
woodland and wetlands. Two planning teams, one working for the Town and one for the land owners, developed a 
subwatershed plan for the entire area, with cores and ecological linkages a major component. The two teams presented 
maps of cores and corridors to be protected from development, with similarities but some very important differences 
in the linkage design. Our paper outlines the similarities and the differences between the two mapping schemes. We 
relate these to both the state of the art of linkage theory and to the power politics involved in land use planning in an 
urbanizing area. There are four major areas of comparison in our paper. Generally, the Town proposed much more 
land to be reserved as green space, compared to the landowners. All plans were prepared in such a way that they 
would be defended in a hearing in front of the Ontario Municipal Board, an administrative tribunal dealing with land 
use matters under dispute. However, negotiation between the parties resulted in the Town’s plan being accepted as the 
template for development. The conflicting positions were never fully explored in the court room. Our paper explores 
the limitations that the linkage literature has for land use planning within urbanizing areas.

The National Landscape Conservation System and Collaborative Concepts for the 
Colorado Plateau 

EATON, MARIETTA1, and Helene Aarons2

1Bureau of Land Management - National Landscape Conservation System, Washington, D. C. 20036. Marietta_
Eaton@blm.gov; 2Bureau of Land Management - National Landscape Conservation System, Washington, D. C. 
20036. Helene_Aarons@blm.gov

The National Landscape Conservation System (NLCS) of the BLM is committed to collaborative conservation as one 
of its main principles. Collaboration is a foundational component of promoting and conducting scientific research on 
NLCS units in order to leverage resources, build communities of interest, and encourage alternative creative solutions 
to managing landscapes. Working with individual researchers, other agencies, Cooperative Ecosystem Study Units, 
and educators the NLCS continues to build capacity for networks to connect scientists and managers in dialogues that 
share information, technology, and ideas to address the critical environmental issues facing the agency today. This 
presentation will share examples of these processes and products from the Colorado Plateau and encourage future 
opportunities within the National Landscape Conservation System to collaborate on defining and conducting critical 
research. 
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CONSERVING CRITICAL WILDLIFE HABITATS AND CORRIDORS IN ARIZONA: THE ARIZONA 
WILDLIFE LINKAGES ASSESSMENT AND BEYOND

Eilerts, B.1, J. Mikolajczyk2, S. Nordhaugen1, S. Reif2

1Arizona Department of Transportation, Office of Environmental Services, beilerts@azdot.gov, snordhaugen@azdot.
gov; 2Arizona Game and Fish Department, Habitat Program

Loss of wildlife habitat connectivity resulting from human population growth (expansion of road corridors and devel-
oped areas) is not inevitable, as long as the needs of wildlife are cooperatively addressed early in the transportation 
and development planning process. In 2004, several state and federal agencies and conservation organizations formed 
the Arizona Wildlife Linkage Workgroup (AWLW) and produced “Arizona’s Wildlife Linkage Assessment”. This 
document is a collaboratively-developed statewide report on the wildlife habitat and linkages critical to sustaining 
wildlife habitat connectivity. The AWLW has received considerable recognition as leading a groundbreaking initiative 
responsible for bringing the needs of wildlife to the forefront of planning processes. The group recognized, however, 
that this statewide effort was only the first step; finer-scale analyses and reports would be needed to ensure biological, 
social, and economic successes at the project level. From 2006-2009, 16 high-priority wildlife linkages were identi-
fied from the original report and modeled in a GIS using a focal species/least-cost corridor approach (www.corri-
dordesign.org). The resulting reports detailed the ownership, landscape, and on-the-ground condition of each linkage 
and provided crucial information that planners need—such as what kind of crossing structure to consider and the 
importance of riparian features in the area. Today, the AWLW is working on the next stage in this process—a compre-
hensive identification of wildlife corridors and the crucial habitats they connect at the fine scale. We are focusing on 
a county-by-county approach in which stakeholders and partners are brought together to identify crucial habitats and 
corridors, leading to a comprehensive wildlife linkage assessment for Arizona. The prioritized linkages will be mod-
eled in GIS using the least-cost corridor approach, and additional fine-scale linkage reports will be produced. We will 
discuss the history of mapping wildlife linkages in Arizona and will detail the methodology and processes involved in 
this new collaborative effort.

Landscape-scale old ponderosa pine mortality at Mt. Trumbull, northerN Arizona

ERICKSON, CHRIS1, Kristen M. Waring2

1School of Forestry, Northern Arizona University, PO Box 15018, Flagstaff, AZ 86011, cce22@nau.edu; 2School of 
Forestry, Northern Arizona University, PO Box 15018, Flagstaff, AZ 86011, Kristen.Waring@nau.edu

In the period between 1870, the time of Euro-American settlement, and the present, ponderosa pine (Pinus ponderosa) 
stands across the southwestern United States have been increasingly stressed by factors such as increased stand den-
sity and fuel loads, increased fire severity and intensity and decreased water and nutrient availability. At Mt. Trumbull, 
northern Arizona, a landscape-scale ponderosa pine ecosystem restoration project, involving thinning and burn-
ing treatments, was established in 1995, beside an untreated control area. Permanent plots were then established to 
evaluate treatment effectiveness. Restoration-style treatments in southwestern ponderosa pine forests usually improve 
residual tree growth; however, old pine mortality has been observed at elevated levels at Mt. Trumbull. Five years 
post-treatment, old pines at the stand-scale were more than twice as likely to die in treated versus untreated areas. The 
goal of the current research is to investigate landscape-scale mortality trends of old ponderosa pine at Mt. Trumbull. 
Of the original permanent plots established in 1995, and last re-measured in 2003, those containing old (pre-1870, 
>37.5 cm dbh) ponderosa pine are being re-visited to assess mortality in the treated and control areas. Data collection 
includes assessments of basic tree characteristics, tree condition, soil texture, basal area increment and neighboring 
tree competition (assessed using live tree basal area). Preliminary data collected in summer of 2009 will be presented 
including mortality rates and comparisons, soil texture data, and trends affecting mortality between treatment types. 
We expect to find that elevated mortality is persisting in the treated areas, especially in areas treated with fire twice, 
and mortality has increased in the control since the last re-measurement. Additionally, we expect that mortality 
remains higher in the treated area than in the control. Blowdown, drought, recent fire entries, bark beetle attack and 
soil texture and their interactions are expected to be major factors of mortality. 



Potential Impact of an Exotic Species on the Nesting Diet of Common Black Hawks 
(Buteogallus anthracinus) in the Verde River Drainage, Central Arizona

ETZEL, KENNETH E.1, T.C. Theimer2, M. J. Johnson3, and J.A. Holmes3 

1Northern Arizona Univ., Flagstaff, Arizona, USA. Kenneth.Etzel@nau.edu; 2Northern Arizona Univ., Flagstaff, Ari-
zona, USA. Tad.Theimer@nau.edu; 3Northern Arizona Univ., Flagstaff, Arizona, USA. Matthew.Johnson@nau.edu, 
Jennifer.Holmes@nau.edu

Diet of Common Black Hawks (Buteogallus anthracinus) studied in Arizona in the 1980’s and 1990’s showed that 
amphibians were an important component in their diet (up to 32%), while aquatic invertebrates were rarely noted (less 
than 10%). Preliminary data collected in 2007 and 2008 on prey brought to seven Black Hawk nests revealed an oppo-
site pattern: amphibians were not recorded among the eight different prey items identified, while crayfish comprised 
of a significant proportion of prey at several nests (up to 90% with a mean of 44%). This difference may suggest a 
significant shift in overall prey availability and use since these earlier studies. In 2009 an additional 13 nests were 
observed in four different drainages with prey deliveries and nest productivity recorded at each nest. Nesting locations 
were chosen based on crayfish abundances in each nesting territory. At each nest an index of prey availability for two 
prey types important in the diet were obtained: crayfish, terrestrial and semi aquatic reptiles (garter snakes, snakes, 
and lizards). Our sampling methods were designed according to the following hypotheses and each will be discussed,: 
1) crayfish prevalence in the diet is due to preference over native fauna; 2) crayfish prevalence is a result of the reduc-
tion in native prey availability; 3) Productivity will be elevated in nests with high abundances of crayfish in the diet 
than nests with low abundances.   

MONITORING ARCHAEOLOGICAL SITE CONDITION WITHIN AN ECOLOGICAL FRAMEWORK: 
AN EXAMPLE FROM THE COLORADO RIVER CORRIDOR IN GRAND CANYON NATIONAL PARK, 
ARIZONA 

FAIRLEY, HELEN C.1, Brian Collins2, Amy Draut3, Gary O’Brien4, Joel Pederson4 and Hoda Sondossi1

1U.S. Geological Survey, Grand Canyon Monitoring and Research Center, Flagstaff, AZ 86001, hfairley@usgs.gov, 
hsondossi@usgs.gov; 2U.S. Geological Survey, Western Earth Surfaces Processes Team, Menlo Park, CA 94025, 
bcollins@usgs.gov; 3U.S. Geological Survey, Pacific Science Center, Santa Cruz, CA 95060, adraut@usgs.gov; 4Utah 
State University, Department of Geology, Logan, UT 84322, gary.obrien@usu.edu, joel.pederson@usu.edu

The Grand Canyon Monitoring and Research Center (GCMRC) is charged with monitoring resources along the Colo-
rado River downstream of Glen Canyon Dam (GCD) using an ecosystem approach. A primary aim of this monitoring 
program is to evaluate the effects of GCD on the downstream ecosystem, including associated archaeological sites. 
Specific objectives of monitoring archaeological resources are to determine the status and trends in archeological site 
condition and inform managers about how, and in what respects, current GCD operations affect resource condition 
over time. Archaeological site condition is a multidimensional construct; therefore, effects of dam operations on site 
condition can not be understood or effectively monitored unless the concept of condition is “unpacked” into its pri-
mary constituents. GCMRC is developing a monitoring approach that explicitly acknowledges the multidimensional 
nature of site condition and the interacting ecosystem processes responsible for changing resource condition over 
time. Applying an ecological framework known as the Jenny-Chapin model, we have identified the broad spectrum 
of ecosystem agents and processes affecting the Colorado River riparian ecosystem and its associated archaeologi-
cal sites. In combination with site-specific assessments of geomorphic and archaeological attributes, this framework 
provides the foundation for defining key parameters to be monitored. Using ground-based lidar, weather stations, and 
various other instruments and techniques, we are developing protocols for objectively measuring key condition indica-
tors and quantifying amounts and rates of physical change. By applying these tools and techniques in a coordinated 
program, we propose to track interrelated effects of ecosystem processes at archaeological sites. Although still a work 
in progress, initial results suggest that this ecosystem-based approach can objectively document status and trends in 
site condition using direct measurements of change. This approach also has potential to improve understanding of 
cause-and-effect relationships among dam-controlled river flows and other ecosystem processes affecting archaeologi-
cal site condition and long-term sustainability. 
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PLANTING METHODS FOR THE COLORADO PLATEAU AND OTHER ARID AREAS

Fenchel, Gregory1, David Dreesen2, Danny Goodson3, and Keith White4

1Manager, USDA-NRCS Los Lunas Plant Materials Center, Los Lunas, NM 87031; Gregory.Fenchel@nm.usda.
gov; 2Agronomist/Horticulturist, USDA-NRCS Los Lunas Plant Materials Center, Los Lunas, NM 87031; David.
Dreeson@nm.usda.gov; 3Agronomist, USDA-NRCS Los Lunas Plant Materials Center, Los Lunas, NM 87031; 
Danny.Goodson@nm.usda.gov
4Bio-Technician, USDA-NRCS Los Lunas Plant Materials Center, Los Lunas, NM 87031; Keith.White@nm.usda.gov

The Colorado Plateau region is primarily located in the desert and semi-desert ecological zones and thus receives less 
than 13 inches of annual precipitation, which makes it extremely challenging to establish vegetation plantings using 
traditional methods. Established in 1934, the Los Lunas Plant Materials Center and its partners have been developing 
effective planting strategies for the arid southwest. The planting strategies include some type of a moisture enhance-
ment treatment which is necessary for successful establishment in an arid environment. Treatments include mulches, 
absorbents, deep-root systems, the deep planting of longstems and pole cuttings into shallow groundwater, proper 
timing, and the use of local ecotypes. Case studies will be presented which will include photos of sites with before 
and after treatments.

KNOWING THE COGS AND THE WHEELS: THE UTILITY OF BIO-BLITZES FOR CONSERVATION

FERTIG, WALTER1 and Linda Whitham2

 1Moenave Botanical Consulting, 1117 W. Grand Canyon Dr., Kanab, UT, 84741, walt@kanab.net; 2The Nature Con-
servancy, PO Box 1329, Moab, UT 84532, lwhitham@tnc.org

If, as Aldo Leopold famously wrote “to keep every cog and wheel is the first precaution of intelligent tinkering” the 
second ought to be knowing the identity of the cogs and wheels. Yet because conservation action must often be taken 
quickly, practitioners often don’t know just which species are being saved when a site is protected. Such an approach 
can be inefficient, as some sites may contribute few new species to the protected area network, while other lands with 
high species richness or complementarity are bypassed. Bio-blitzes are a potential remedy to the problem of insuf-
ficient species information. Conducted by teams of taxonomic experts and interested members of the public, bio-
blitzes are intensive 24-48 hour surveys of the entire biota (plants, vertebrates, invertebrates) of a specific area with 
the goal of documenting as many species as possible. Though often lacking in specific quantitative detail, bio-blitzes 
can rapidly document presence of species of potential interest and overall species richness while helping conserva-
tionists prioritize where scarce resources should be used for purchase or protection. The Utah Chapter of The Nature 
Conservancy recently conducted a bio-blitz of private and public lands in the Deer Creek drainage of south-central 
Utah (near Boulder) adjacent to Grand Staircase-Escalante National Monument and Dixie National Forest. A team of 
agency and university botanists, bryologists, biologists, entomologists, ecologists, and interested landowners partici-
pated in the bio-blitz and documented 650 taxa, nearly doubling the previously known flora and fauna. The team dis-
covered nearly two dozen rare species in the area and 20 new vascular plants not known from the national monument. 
The bio-blitz demonstrated the high biological significance of the Deer Creek area and helped foster increased interest 
in conservation in the local community and communication among biologists from cross disciplines. 

The way forward with the CESU Network – new collaborations and new 
directions

Fish, Tom, Ph.D.1

1National CESU Network Coordinator, 1849 C Street NW, #2723 
Washington, DC  20240, Tom_Fish@nps.gov 

Now that all seventeen CESUs are established, the National Network Office is poised to expand opportunities, includ-
ing opportunities that include multi-Agency and multi-university partners and opportunities that also cross CESU 
boundaries. I will share steps the National Office is taking to increase collaboration among all partners. These new 



steps include an improved website and other marketing tools, a national CESU project database, a complete adminis-
trative history of the network, greater resource sharing, and coordination and involvement in/with regional proposal 
efforts. With the increasing importance of Ocean Stewardship and Climate change in the national scientific arena, we 
can expect the CESU network to expand to include more Federal agencies, such as the National Oceanic and Atmo-
spheric Administration, including the National Weather Service and the National Marine Fisheries Service.

Population Status of Northern Spotted Owls

Forsman, Eric D. 1, Robert G. Anthony2, Katie M. Dugger3, Elizabeth M. Glenn3, Alan B. Franklin4, and 23 other 
authors
1U.S. Forest Service, PNW Research Station, Corvallis, OR 97330 eforsman@fs.fed.us; 2USDI Oregon Coopera-
tive Wildlife Research Unit, Corvallis, OR 97330 robert.anthony@orst.edu; 3Department of Fisheries and Wildlife, 
Oregon State University, Corvallis, OR 97330 Katie.dugger@orst.edu, Betsy.glenn@oregonstate.edu; 4USDA/APHIS 
National Wildlife Research Center, 4101 LaPorte Avenue Fort Collins, CO 89521 alan.b.franklin@aphis.usda.gov

We used data from 11 long-term studies to assess temporal and spatial patterns in fecundity, apparent survival, recruit-
ment, and annual rate of population change of Northern Spotted Owls (Strix occidentalis caurina) from 1985–2008. 
Our objective was to evaluate the status and trends of the subspecies throughout its range and investigate associations 
between population parameters and covariates that might be influencing any observed trends. The meta-analysis of 
fecundity for all study areas (no habitat covariates included) suggested that fecundity varied by time and was parallel 
across ecological regions or latitudinal gradients, with some weak evidence for a negative Barred Owl (BO) effect. 
However, the 95% confidence interval for the beta coefficient for the BO effect overlapped zero. In the meta-analysis 
of apparent survival the best model was a random effects model that indicated that survival varied among study areas 
and years, and that recapture rates varied among study areas, sexes (s), and yrs. This model also included the random 
effects of study area and reproduction. The effect of reproduction was negative, with a 95% confidence interval that 
barely overlapped zero. There were a number of competitive random effects models, including a second-best model 
that included a negative effect of Barred Owls. Estimates of the annual rate of population change (λ) were below 1.0 
for all study areas, and there was strong evidence that populations on seven of the 11 study areas declined during the 
study. The weighted mean estimate of λ for all of the study areas was 0.971 (SE = 0.007, 95% CI = 0.960–0.983), 
indicating that the average rate of population decline in all study areas combined was 2.9% per yr. Annual rates of 
decline were most precipitous on study areas in Washington and northern Oregon. Based on the top-ranked a priori 
model in the meta-analysis of λ, there was evidence that ecological regions and the proportion of Spotted Owl ter-
ritories with Barred Owl detections were important sources of variation for apparent survival (φ

t
) and recruitment (f

t
). 

There was some evidence that recruitment was higher on study areas dominated by federal lands compared to study 
areas that were on private lands or lands that included approximately equal amounts of federal and private lands. 
There also was evidence that recruitment was positively related to the proportion of the study area that was covered by 
suitable owl habitat. We concluded that fecundity, apparent survival, and/or populations were declining on most study 
areas, and that there was evidence that increasing numbers of Barred Owls and loss of habitat were at least partly 
the cause for these declines. However, there was considerable annual variation in fecundity and survival on all study 
areas, little of which was explained by the covariates that we used. 

Infectious Disease and Conservation: Challenges and Insights FOR the 21st Century

Foster, Jeffrey T.1 and Paul Keim2

1Center for Microbial Genetics & Genomics, Northern Arizona University, Flagstaff, AZ 86011, jeff.foster@nau.edu; 
2Biological Sciences, Northern Arizona University, Flagstaff, AZ 86011, paul.keim@nau.edu

The potential for infectious diseases to have distinct or pervasive impacts on species and ecological communities 
has been poorly recognized in conservation. The recent emergence of an array of devastating microbial pathogens 
has changed that perspective and the list grows continuously, involving prion, viral, bacterial, fungal, and parasitic 
diseases afflicting diverse taxa from coral reefs to plants, amphibians, birds, and mammals. Infectious diseases often 
appear to act in concert with several other conservation problems, including habitat destruction, climate change, and 
introduced species. Fortunately, advances in molecular techniques have enabled the detection, tracking, and assess-
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ment of evolutionary relationships of pathogens, providing novel insights into disease epidemiology. Addressing 
the conservation challenges that infectious diseases pose to ecological communities will require a comprehensive 
approach that involves researchers and managers from diverse disciplines. 

POPULATION ECOLOGY OF TWO ALPINE ENDEMICS: PACKERA FRANCISCANA AND ERIGERON 
MANCUS

FOWLER, JAMES F1, and Carolyn Hull Sieg1

1USFS Rocky Mountain Research Station, Flagstaff, AZ 86001, jffowler@fs.fed.us, csieg@fs.fed.us

The San Francisco groundsel, Packera franciscana (formerly Senecio franciscanus), was listed as a threatened species 
by the U. S. Fish and Wildlife Service in 1983 and is known only from the San Francisco Peaks in Arizona where it 
has been reported to mostly occur between 3525 and 3605 m elevation with a range size about 85 ha. The 1985 distri-
bution of Packera franciscana has been mapped, but prior to our study there was no data on species abundance. There 
is little habitat available for these plant species to migrate upward, and for P. franciscana, it has been widely specu-
lated that it is vulnerable to extinction due to climate change. The La Sal daisy, Erigeron mancus, is known only from 
the La Sal Mountains in Utah where it reportedly occurs in alpine grass-sedge-forb communities between 2790 and 
3750 m elevation. In 2008 the Coconino National Forest provided funding for initial fieldwork on P. franciscana and 
the Manti-La Sal National Forest and Canyonlands Natural History Association helped fund fieldwork on E. mancus. 
We established elevational transects along recreational trails for each species. For P. franciscana, first year estimates 
indicate over 18,000 ramets in a 4-m band along the trail, a trailside population centroid of 3667 m, and that the popu-
lation is producing seed. In 2008, we mapped the distribution of E. mancus along the crestline in the Middle Group of 
the La Sals as well as along a narrow ridge leading to the Middle Group from treeline. 

FUTURE DIRECTIONS FOR CONSERVATION OF AQUATIC SPECIES AND ECOSYSTEMS 

FRISSELL, CHRISTOPHER A.1

1Pacific Rivers Council, PMB 210, 48901 Hwy 93. Suite A, Polson, MT 59860, chris@pacificrivers.org

Successful conservation of freshwater biota and ecosystem values depends on the integration of two distinct view-
points. One is explicitly aquatic, concerning the habitat features and connectivity of surface waters to maintain 
aquatic or amphibian species and biotic relationships. The second is an integral “watershed view” of the linkages by 
which terrestrial and subterranean elements determine the hydrologic character and habitats of surface waters.  An 
inescapable global corollary is that management choices for terrestrial environments will inevitably determine suc-
cess in conservation of freshwater ecosystems.  The Northwest Forest Plan developed for federal forest lands in the 
northwestern USA in 1994 remains an unprecedented application of this thinking on a regional scale, and can serve 
as a useful template for conservation strategies elsewhere.  The plan’s Aquatic Conservation Strategy comprises four 
primary elements. First, a comprehensive network of riparian reserves along streams, wetlands, ponds and lakes, and 
incorporating floodplains and contiguous erosion-prone slopes, protects all proximate terrestrial-aquatic interfaces. 
Second, a distributed system of “key watersheds” focuses restoration efforts and offers large-scale refugia from human 
alteration of landscape hydrology. Third, objectives, standards and guidelines define the management of these reserves 
for purposes of ensuring the self-restorative capacity of habitat, native species, and water quality.  A fourth element, 
less explicitly articulated, is equally critical: core terrestrial-based conservation of expansive blocks of forest, called 
Late Successional Reserves, confer substantial “baseline” benefit to associated aquatic habitats and biota. Far more 
protective measures would have been necessary to protect freshwater systems had not large areas of landscape been 
dedicated and appropriately managed for natural forests and biological conservation broadly defined. The science that 
underpins the Aquatic Conservation Strategy has not greatly changed in the ensuing decade, and though some specific 
shortfalls in the plan have come clear, the Northwest Forest Plan offers profound lessons for conservation globally. 



Changes in forest structure of a dry mixed conifer forest, southwestern 
Colorado USA

FULE, PETER Z.1, Julie E. Korb2, and Rosalind Wu3

1School of Forestry and Ecological Restoration Institute, Northern Arizona University, Flagstaff, Arizona 86011 USA, 
Pete.Fule@nau.edu; 2Department of Biology, Fort Lewis College, Durango, Colorado 81301 USA, korb_j@fortlewis.
edu; 3USDA Forest Service, San Juan National Forest, Pagosa Springs, Colorado 81147 USA, rwu@fs.fed.us

We selected a warm/dry mixed conifer forest (ponderosa pine, white fir, Douglas-fir, and aspen) in southwestern Colo-
rado to reconstruct historical conditions of fire regime and forest structure. Although mixed conifer forests are of high 
ecological and social value in the Southwest, they have been less studied than ponderosa pine forests. Fire-scar analy-
sis showed recurring fires at mean intervals of 24 years (all fires) to 32 years (fire scarring 25% or more of sample) 
from the 16th century until the abrupt cessation of fire after 1868, concurrent with European settlement. There was no 
evidence in age or species-specific data of severe burning at the scale of the study blocks. The forest remained unhar-
vested throughout most of the 20th century, until a cut in the early 1990s removed approximately equal basal areas of 
ponderosa pine and white fir. Forest structure had already changed substantially, however. Total basal area increased 
from an average of 11 m2 ha-1 in 1870 to 27 m2 ha-1 in 2003, despite harvesting of at least 8.4 m2 ha-1. Ponde-
rosa pine declined from representing nearly two-thirds of basal area in 1870 to one-third in 2003. The other species 
increased dramatically, especially white fir, which went from 12% to 35% of basal area and dominated stand density 
with an average of 392 trees ha-1. Total tree density increased from 142 trees ha-1 in 1870 to 677 trees ha-1 in 2003. 
The ecological changes that occurred here since the 19th century have been in exactly the wrong direction considering 
the warm, fire-favoring climate expected in the 21st century. If warm/dry mixed conifer forests of southern Colorado 
are to have a reasonable chance for persistence under the future climate regime, restoring conditions more similar to 
the frequently burned, open forests of the past is likely to be a useful starting point.

NRCS’ COOPERATIVE CONSERVATION EFFORTS FOR UTAH PRAIRIE DOG: A NETWORK FOR 
CONSERVATION ON PRIVATE LANDS

FULLEN, KAREN L.1

1USDA Natural Resources Conservation Service, Salt Lake City, UT 84138 karen.fullen@ut.usda.gov

The Utah prairie dog (Cynomys parvidens) is endemic to southwestern and central Utah and is listed under the Endan-
gered Species Act as threatened. The recovery plan and a Habitat Conservation Plan have focused on conserving the 
species on federal lands, including trapping of Utah prairie dogs on private lands slated for development, and trans-
location to federal lands. This has not contributed towards recovery because most Utah prairie dogs occur on private 
lands and do not survive translocation. New methods for conservation and recovery are involving private landowners. 
These methods include a programmatic Safe Harbor Agreement (SHA) and a Habitat Credit Exchange (HCE); both 
administered by the local Resource Conservation and Development (RC&D) Councils. The objectives of the SHA and 
HCE are to provide incentives for private landowners to restore and manage habitat for Utah prairie dog, provide 
regulatory assurances to private landowners under the ESA, and ultimately to recover and delist the species. Numer-
ous partners have contributed staff time and funding to the SHA and recommendations for the HCE. To date, six 
landowners have entered into SHAs and another five will enroll this year. The HCE will begin to purchase habitat 
credits from private landowners with viable Utah prairie dog colonies on their property and sell them to developers 
this year. Though it is too early to say if these methods are contributing towards recovery, the SHA and HCE have 
generated a great deal of interest in Utah prairie dog conservation on the part of private landowners that did not exist 
prior to their creation, and have begun to decrease perceptions of them solely as agricultural pests. They have also led 
to the creation of an overarching Utah Prairie Dog Recovery Implementation Program that will involve all partners to 
coordinate recovery efforts for the species.
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FACTORS INFLUENCING CONSERVATION OF PRIVATELY OWNED LAKESCAPES

FULTON, DAVID C.1, Susan A. Schroeder2, and Edgar Rudberg2

1USGS – Minnesota Cooperative Fish & Wildlife Research Unit, 1980 Folwell Ave., St. Paul, MN 55108, dcfulton@
umn.edu 
2University of Minnesota, Minnesota Cooperative Fish & Wildlife Research Unit, 1980 Folwell Ave., St. Paul, MN 
55108, schro124@umn.edu, rudb0004@umn.edu

The landscape of Minnesota is characterized by a large number (10,000+) of mostly shallow water lakes that were 
formed during the last glacial period. The aesthetic quality and ecological function of many of these lakes have 
become imperiled by rapid growth and development of private property around these lakes and the inflow of organic 
nutrients and pollutants associated with this development. Current laws and policies address point source sources of 
pollution, but do not adequately address widespread non-point sources from citizen’s cumulative individual behaviors. 
Maintenance of riparian and littoral vegetation in and adjacent to Minnesota’s lakes provides one means of mitigating 
the effects of private property development on these lakes. We have examined private landowner behavior concerning 
the conservation and management of riparian and littoral vegetation in a series of recent studies to understand what 
psychological and social factors influence these behaviors.  Using the results of these studies, we propose a frame-
work that provides direction for program, regulatory and policy development to more adequately address the cumula-
tive impacts associated with private landownership around Minnesota lakes.

AMOUNTS AND TYPES OF COARSE WOODY DEBRIS IN NORTHERN ARIZONA MIXED-CONIFER 
AND PONDEROSA PINE FORESTS

GANEY, JOSEPH L.1, and Scott C. Vojta1

1US Forest Service, Rocky Mountain Research Station, Flagstaff, AZ 86001, jganey@fs.fed.us, svojta@fs.fed.us

Coarse woody debris (CWD) in the form of logs and stumps provides important habitat components for wildlife. 
Because of the particular importance of large logs, National Forests in the Southwestern Region have standards for 
retention of logs ≥30.5 cm midpoint diameter and 2.44 m in length, yet information on amounts and types of CWD is 
limited. To provide needed information on types and amounts of CWD, we sampled logs and stumps in mixed-conifer 
and ponderosa pine (Pinus ponderosa) forests in north-central Arizona. CWD was dominated by logs in mixed-
conifer forest, whereas stumps contributed 55% of CWD pieces and 37% of CWD volume in ponderosa pine forest. 
Logs were three times as abundant in mixed-conifer forest as in ponderosa pine forest, and log volume was four times 
greater in mixed-conifer forest, whereas stump density and volume did not differ between forest types. Populations of 
logs and stumps differed from live tree populations in terms of both diameter and species composition. Log and stump 
populations generally were dominated by later decay classes in both forest types. Logs and stumps showing obvious 
signs of use by native wildlife were larger than logs and stumps lacking wildlife sign, and greater proportions of large 
logs showed signs of wildlife use than did other logs, supporting the management emphasis on larger logs. Median 
densities of large logs exceeded US Forest Service guidelines for retention in mixed-conifer but not in ponderosa 
pine forest. Mean biomass of CWD in mixed-conifer forest fell within the range of recommended levels for this for-
est type, whereas biomass of CWD in ponderosa pine forest fell below recommended levels. These results provide 
empirical data on amounts and types of CWD in this area, and establish a baseline for monitoring changes in amounts 
and types of CWD.

TRENDS IN SNAG POPULATIONS IN NORTHERN ARIZONA MIXED-CONIFER AND PONDEROSA 
PINE FORESTS

GANEY, JOSEPH L.1, and Scott C. Vojta1

1US Forest Service, Rocky Mountain Research Station, Flagstaff, AZ 86001, jganey@fs.fed.us, svojta@fs.fed.us

Snags (standing dead trees) provide important habitat components for native wildlife as well as other ecosystem ser-
vices, yet typically little is known about snag densities and dynamics of snag populations. We monitored snag popula-



tions on a series of fixed plots in northern Arizona mixed-conifer and ponderosa pine (Pinus ponderosa) forests from 
1997 – 2007. Median snag density increased by 75 and 90% during this period in mixed-conifer and ponderosa pine 
forest, respectively. Changes primarily were driven by a large pulse of drought-mediated mortality between 2002 and 
2007. This pulse altered composition of snag populations in both forest types. Decay-class distributions shifted from 
dominance by later to younger decay classes. Size-class distributions also changed, resulting in greater proportions of 
small snags and lower proportions of large snags. Species composition of snag populations changed in mixed-conifer 
but not in ponderosa pine forest. The proportion of white fir (Abies concolor) snags more than doubled in mixed-coni-
fer forest from 1997–2007, with accompanying declines in proportions of ponderosa pine and Gambel oak (Quercus 
gambelii) snags. Heavy mortality also was observed in quaking aspen (Populus tremuloides) in mixed-conifer forests. 
The changes observed have significant implications in these forest types, including at least pronounced shifts in com-
position of both tree and snag populations. The large numbers of dead trees created also will result in a large pulse of 
fuels moving through these forest systems, which will affect fire risk and behavior.

THRESHOLD CONCEPTS: their RELEVANCE TO MONITORING AND MANAGEMENT OF NATURAL 
RESOURCES 

GARMAN, STEVEN L.1 and Chris Lauver2

1U.S. Geological Survey, Rocky Mountain Geographic Science Center, Denver, CO, 80225, slgarman@usgs.gov; 
2National Park Service, Pacific Northwest CESU, University of Washington, Seattle, WA, 98195, Chris_Lauver@nps.
gov

Threshold concepts are increasingly used to inform design of long-term natural resource monitoring, and in conserva-
tion management. An ecological threshold is an abrupt non-linear change in an ecosystem property, or where a small 
change in a forcing agent produces a large change in ecosystem properties (i.e., a state change). Abiotic and biotic 
mechanisms trigger a threshold crossing by causing a switch from predominately negative, stabilizing feedbacks to 
positive feedbacks that precipitate structural and functional changes. A threshold crossing results in a progressive loss 
of residual properties of the original ecosystem and leads to an alternative state(s). Key management issues pertain 
to the diminished capacity of altered states to provide valued ecosystem services relative to the original ecosystem, 
and to the ability to restore these states to more desirable pre-threshold conditions. Identifying biophysical attributes 
indicative of impending threshold crossings informs monitoring efforts in two ways. Attributes serve as specific 
indicators to target for monitoring, and levels of these attributes in relation to risk of threshold crossings determine 
precision needs of a monitoring program. Different risk levels also define management assessment points, where man-
agers are provided with early warning of resource change and levels of change. Where thresholds have been crossed, 
understanding the potential underlying triggers causing the crossing and the reversibility of resulting states increases 
managers’ ability to determine effective restoration methods. In dryland systems on the Colorado Plateau, threshold 
concepts are being integrated with State-And-Transition models as a means to identify properties of communities at-
risk to threshold crossings, to identify the progression and stability of post-threshold states initiated by different trig-
gers, and to assess the reversibility of states. This presentation provides an overview of threshold concepts and their 
applications. Subsequent presentations in this symposium provide detailed perspectives of issues and applications of 
these concepts. 

FORECASTING CLIMATE-INDUCED DISTRIBUTION SHIFTS FOR THE PIÑON-JUNIPER COMPLEX OF 
THE WESTERN U.S.

GIBSON, JACOB R.¹, Thomas C. Edwards, Jr.², Gretchen G. Moisen³
¹ Department of Wildland Resources and Ecology Center, Utah State University, 5230 Old Main Hill, Logan, UT 
84322-5230 USA, j.gibson@aggiemail.usu.edu; ² U.S. Geological Survey, and Department of Wildland Resources, 
Utah State University, Logan, UT 84322-5230 USA, t.edwards@nr.usu.edu; ³ USDA Forest Service, Rocky Mountain 
Research Station, 507 25th Street, Ogden, Utah 84401, USA, gmoisen@fs.fed.us

Piñon and juniper vegetation types cover over 30% of the Colorado Plateau. Two species and one variety of piñon 
pine (Pinus monophylla, P. edulis, P. monophylla var. fallax) and four species of juniper (Juniperus osteosperma, J. 
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monosperma, J. deppeana, J. arizonica) are dominant in the Colorado Plateau, and comprise a mosaic of overlapping 
distributions arranged primarily across a gradient of precipitation seasonality. Individual species have been found to 
respond uniquely to climate changes, causing shifts in the co-occurrence of species. This is reflected in the differen-
tial mortality among species caused by recent droughts, which appear to indicate long-term distribution shifts have 
already begun. We developed bioclimatic distribution models and applied climate change scenarios to gauge potential 
shifts in the distributions of individual species and their co-occurrence. In order to capture the full breadth of biocli-
matic conditions inhabited by each species we developed distribution models for each species across the entirety of 
their geographic distribution. The application of climate change scenarios resulted in, for each species / variety, the 
spatial depiction of currently inhabited areas no longer suitable for regeneration as well as currently uninhabited areas 
becoming suitable for colonization. Collectively, the distribution shifts of each species were overlaid to gauge shifts in 
their co-occurrence. Our results suggest individualistic responses of species to climate change will likely cause shifts 
in their spatial co-occurrence. For example, J. osteosperma is predicted move northwest whereas J. monosperma is 
predicted to move northeast resulting in a decrease of co-occurrence. P. edulis is predicted to increasingly co-occur 
with J. osteosperma while P. monophylla is predicted to decrease or increase depending on the climate change 
scenario. The character of individual species distributions shifts and their resulting changes in co-occurrence will be 
largely determined by changes in the summer monsoon rains and in the minimum winter temperatures.

MANAGING PREDATORS ACROSS BOUNDARIES: LESSONS FROM THE MEXICAN WOLF 
REINTRODUCTION

GIST, JESSICA A.1

1Northern Arizona University, Center for Sustainable Environments, Flagstaff, AZ 86001, jag295@nau.edu

Cooperation among management agencies and non-governmental organizations has broad implications for natural 
resource conservation. Within the context of biodiversity protection, fragmented policy implementation often inhibits 
progress and wastes resources. The reintroduction of wolves to the Southwest provides a case study of the relationship 
between federal, local, state, and independent organizations managing a controversial endangered species. Arizona 
and New Mexico, and the stakeholders and communities within those states, differ in land ownership, economic 
interests, historical views towards federal policies, and general attitudes toward the species. Furthermore, the Mexican 
wolf recovery plan allows and requires different actions from each state, compounding tensions between managers. 
Through the creation of a multi-agency Adaptive Management Oversight Committee, cooperative management seems 
to have improved. But barriers to effective interagency policy-making and implementation remain within AMOC, 
while pressure from external groups fuels controversy over the program. I present a critical examination of the stake-
holder relationships shaping the Mexican wolf reintroduction program. Further, I recommend improvements to the 
content and process of the current recovery plan revision and future recovery efforts.

How the CESU partners are organizing research and management strategies for 
climate change across the Intermountain West

Graumlich, Lisa J.1

1Director, School of Natural Resources and the Environment, The University of Arizona

Climate change in the West presents significant challenges for maintaining the viability of species and ecosystems and 
the services we derive from ecosystem function. The ecological literature contains many general recommendations to 
safeguard the long-term viability of species and ecosystems, such as landscape-scale management to increase connec-
tivity and mitigate other stressors. In regions where climate impacts are anticipated to be severe, such as the South-
west, ecologists suggest that managers need to plan for translocating species, and increasing the number of reserves. 
When confronted with this growing menu of recommendations, conservation practitioners and agency resource 
managers report that they have “limited guidance about whether or how to address climate change and, therefore, are 
uncertain about what actions, if any, they should take” (GAO 2007).  Currently, many of these managers have been 
pressed to develop adaptation plans that identify feasible site- and target-specific strategies for immediate action. Even 
more challenging are the design criteria for adaptation plans that specify working at the “landscape scale” and engag-



ing with multiple jurisdictional units (e.g., Fish and Wildlife Service Landscape Conservation Cooperatives). The 
CESU partnerships are poised to play an important role in coordinating multi-jurisdictional initiatives aimed at adapt-
ing to climate in the Intermountain West. However, the success of the CESU partnerships in this endeavor will depend 
on the ability of CESU leaders and partners to collaborate and coordinate research at an unprecedented level. 

PREVENTING ZEBRA AND QUAGGA MUSSELS IN LAKE POWELL

HAAS, MICHELLE1, Mark Anderson2, Carolyn Hackbarth3, and Chris Hughes4

1National Park Service, Glen Canyon National Recreation Area, PO Box 1507, Page, AZ 86040; michelle_haas@
nps.gov; 2National Park Service, Glen Canyon National Recreation Area, PO Box 1507, Page, AZ 86040; mark_
anderson@nps.gov; 3National Park Service, Glen Canyon National Recreation Area, PO Box 1507, Page, AZ 86040; 
carolyn_hackbarth@nps.gov; 4National Park Service, Glen Canyon National Recreation Area, PO Box 1507, Page, 
AZ 86040; chris_hughes@nps.gov

Glen Canyon National Recreation Area (NRA) has operated a zebra/quagga mussel (Dreissenidae) prevention 
program at Lake Powell since 2000. With the discovery of quagga mussels in the lower Colorado River in 2007, the 
program has been expanded to address the heightened threat brought with each year. A brief history of zebra mussel 
prevention at Lake Powell and details of the program expansions since 2007 will be discussed. New requirements sup-
ported by park-specific regulations, for all boaters have been instituted at the park and codified in law for the whole 
state of Utah. Thousands of boats have been decontaminated at new facilities developed to meet the increased demand 
at Glen Canyon. After debunking a false positive detection in mussels in Lake Powell in 2007, monitoring efforts on 
the lake were greatly expanded. All essential elements of a comprehensive prevention program, including education, 
monitoring, interdiction, and management, have successfully blossomed through the years and kept Lake Powell 
free of dreissenid mussels. With the impacts of dressenid mussels being so severe and no suitable eradication options 
currently existing for most locations, prevention is the only answer. Glen Canyon NRA offers another big reason to 
believe that prevention works. 

Groundwater withdrawal - How will it affect small mammals?

HAMILTON, Bryan1

1100 Great Basin National Park, Baker, Nevada 89311, bryan_hamilton@nps.gov

To support population growth in Las Vegas, Nevada, large scale increases in groundwater pumping are planned across 
the state. This pumping could affect riparian areas in Great Basin National Park by lowering groundwater levels, 
reducing stream flows, and xerifying riparian vegetation. Great Basin National Park (GBNP) is mandated to manage 
its resources unimpaired for future generations. Loss of biodiversity is unacceptable under this mandate. If groundwa-
ter levels are reduced beyond a threshold, aquatic and riparian diversity would be lost, but the effects on small mam-
mal communities are less clear. To provide baseline information and to consider the effects of groundwater withdrawal 
a priori, we sampled small mammal communities in two watersheds susceptible to groundwater withdrawal and one 
non-susceptible watershed. Evenness was higher in susceptible watersheds, which were distinct in species composi-
tion. Riparian and upland habitats in susceptible watersheds supported complementary small mammal communities, 
while communities in the non-susceptible watershed were more homogenous. Susceptible watersheds are located 
at the lowest elevations of GBNP where habitat heterogeneity due to the contrast between mesic riparian and xeric 
upland habitats is important in maintaining small mammal diversity. If groundwater withdrawal affects riparian areas, 
small mammal communities in GBNP would be negatively affected. We suggest that groundwater levels, streams flow 
and riparian vegetation, in addition to small mammal species composition will be important response variables in 
monitoring the effects of groundwater withdrawal.
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Projecting climate change impacts on species distributions in the West in 
support of connectivity conservation

Hamilton, Healy1, and Pete Coppolillo2

1Center for Biodiversity Research, California Academy of Sciences, San Francisco, CA, 94118. hhamilton@
calacademy.org; 2Yellowstone Rockies Program, Wildlife Conservation Society, Bozeman, MT 59715. pcoppolillo@
wcs.org

Although the biodiversity conservation movement has long recognized the importance of connectivity in sustaining 
healthy ecological communities, only recently have the implications of climate-induced shifting distributions been 
earnestly considered in connectivity design. Forecasts of target species geographic response to future climate regimes 
are essential to developing management strategies for maintenance and restoration of long-term landscape connectiv-
ity. Yet bioclimactic projections are confounded by the many uncertainties of modeling species future geographic 
range. Sources of uncertainty include imperfect understanding of target species current distributions, highly extrapo-
lated current climate surfaces for applications to ecological niche modeling (ENM), variability in climate envelope 
models resulting from alternative ENM algorithms, intramodel variability resulting from repeated simulations of 
a single global circulation model (GCM), intermodel variability among projected future climates from alternative 
GCMs, and uncertainty in the rate and extent of future accumulation of atmospheric greenhouse gases. We present an 
approach to reducing uncertainty in range shift forecasts with examples from conservation target species for landscape 
connectivity in the northern Rocky Mountains. Using a large suite of statistically downscaled GCMs run under alter-
native greenhouse gas emissions scenarios, we use ensemble modeling approaches to produce probability surfaces 
for target species suitable habitat through 2100. The results reveal areas of high probability for persistence of suitable 
habitat, as well as regions of significant turnover in climate suitability for target species. Probabilities for high and low 
persistence of target species can be integrated with current designs for landscape connectivity planning to incorpo-
rate climate change impacts in network design. Ecological forecasting of the biogeographic consequences of climate 
change is in its infancy. Significant advances are possible with applications of alternative interpolation techniques 
for generating high resolution current climate surfaces, regional climate model downscaling, ensemble approaches to 
dynamic global vegetation models, and niche models that better incorporate biological interactions.

Managing some unique pests of mountain brome and blue wild rye

HAMMON, BOB1

1Area Extension Agent, Colorado State Tri River Area Extension, PO Box 20,000-5028, Grand Junction CO 81502-
5028; bob.hammon@mesacounty.us

Mountain brome (Bromus marginatus) and blue wild rye (Elymus glaucus) have provided some unique challenges 
in pest management when grown in monoculture for seed production. Three species of aphids in the genus Diura-
phis have impacted mountain brome production. Holocyclic reproduction of Diuraphis noxia in mountain brome has 
produced genetic diversity that has been partially responsible for the species overcoming resistance bred into wheat in 
Colorado. Two other species of Diuraphis have been destructive enough in mountain brome seed production blocks to 
warrant control. A fourth Diuraphis species is a potential threat to blue wild rye production. Head smut is a significant 
threat to the production of several mountain brome varieties. Flea beetles are a poorly understood threat to blue wild 
rye seed production. The biology and management of Chaetocnema subconvexa in blue wild rye at Meeker Colorado 
will be discussed.



Overestimation of fire risk in Northern Spotted Owl Recovery Plan 

Hanson, Chad T. 1, Dennis C. Odion2, Dominick A. DellaSala3, and William L. Baker4 

1Dept. of Plant Sciences, University of California, Davis, CA 95616, USA. Corresponding author e-mail:
cthanson@ucdavis.edu; 2Inst. Computational Earth Systems Science, University of California, Santa Barbara, CA. 
93106, USA. Department of Biology, Southern Oregon University, Ashland, Oregon, 97520, USA; e-mail: dennis@
odion.name;
3National Center for Conservation Science and Policy, Ashland, OR, 97520, USA. E-mail: dominick@nccsp.org; 
4Ecology Program and Department of Geography, University of Wyoming, Laramie, WY, 80271, USA. E-mail: 
bakerwl@uwyo.edu.

The U.S. Fish and Wildlife Service’s recent recovery plan for one of the most carefully watched threatened species 
worldwide, the Northern Spotted Owl (Strix occidentalis caurina), recommended a major departure in conservation 
strategies in the northwestern United States. Due to concern about fire, the plan would switch from a reserve to a no-
reserve strategy in up to 52% of the owl’s range. Fuel treatments (e.g., thinning) at regular intervals also would occur 
on up to 65-70% of dry forests in this area. Estimations of fire risk, however, were based on less than a decade of data 
and an anecdotal assessment of a single, large fire. We found that decadal data are inherently too short, given infre-
quent large fires, to accurately predict fire risk and trends. Rates of high-severity fire, based on remote-sensing data, 
are far lower than reported in the plan and in comparison with the rate of old-forest recruitment. Additionally, over a 
22-year period, there has been no increase in the proportion of high-severity fire. Our findings refute the key conclu-
sions of the plan that are the basis for major changes in conservation strategies for the Spotted Owl. The best available 
science is needed to address these strategies in an adaptive-management framework. From the standpoint of fire risk, 
there appears to be ample time for research on fire and proposed treatment effects on Spotted Owls before designing 
extensive management actions or eliminating reserves.

CONSERVATION GENETICS AND NORTH AMERICAN BISON

HEDRICK, PHIL1

1School of Life Sciences, Arizona State University, Tempe, AZ 85287, philip.hedrick@asu.edu

The many millions of North American bison in the mid-19th century were reduced to near extinction by the middle 
1880s. Plains bison, the bison subspecies in the United States, were saved from extinction primarily by five private 
ranchers and the survival of a small herd in what is now Yellowstone National Park. This bottleneck resulted in the 
present day plains bison population being descended from less than 100 founders. In addition, many conservation 
herds have cattle ancestry because of hybridization promoted by these ranchers in the late 1800s and early 1900s. 
Today, although there are around 500,000 plains bison in North America, only 4% (20,000) are in conservation herds. 
Only one conservation herd of plains bison has an effective population size of over 1,000 and no known ancestry from 
cattle. I will describe and evaluate this situation and provide recommendations for the reduction of cattle ancestry, 
avoidance of inbreeding depression, and maintenance of genetic variation in the conservation herds of bison. 

SAN JUAN RIVER BASIN RIVER, STREAM AND RIPARIAN RESTORATION PROJECTS DATABASE 

HENN, AVI1, David Ostergren2

1NAU-Center for Sustainable environments, P.O. Box 5694, Flagstaff, AZ 86011, ah359@nau.edu; 2Merry Lea 
Environmental Learning Center of Goshen College, P.O. Box 263 Wolf Lake, IN, 46796, daveo@goshen.edu 

Restoration and management of fluvial and riparian systems are often landscape scale issues that cross political and 
jurisdictional boundaries. One of the challenges for increasing restoration success is that a particular restoration 
project may not know what other projects have been conducted, implemented or planned within that watershed. In 
summer 2008 the Colorado Plateau Cooperative Ecosystem Studies Unit initiated an effort to record and map, river, 
stream, and riparian restoration projects within the San Juan River Basin (SJRB), and make this information available 
online. The main goals of this project are to facilitate and increase coordination and communication among restora-
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tion practitioners, and to describe the trends and patterns of river, stream, and riparian restoration within the SJRB. To 
meet these goals we collected records of restoration projects implemented within the basin from 2003 to 2008, and 
made this information available online using a new and innovative website interface called the Conservation Registry. 
This new website is a database that allows for storing, mapping, searching, and entering of projects online through 
a user account interface. The records we collected were made available online in May 2009 through a portal to the 
Conservation Registry. Preliminary analysis has shown a number of trends. Among them is that restoration projects in 
general are not carried out with consideration of other projects in the watershed, post project ecological monitoring is 
not very common, and that different rivers in the basin receive different levels of attention.    

INCORPORATION OF TRADITIONAL ECOLOGICAL KNOWLEDGE WITHIN THE NATIONAL PARK 
SERVICE: A LOOK AT THE WESTERN UNITED STATES WITH AN EMPHASIS ON THE COLORADO 
PLATEAU 

HENN, MORAN1, David Ostergren2

1NAU-Center for Sustainable environments, P.O. Box 5694, Flagstaff, AZ 86011, mr347@nau.edu; 2Merry Lea 
Environmental Learning Center of Goshen College, P.O. Box 263 Wolf Lake, IN, 46796, daveo@goshen.edu 

An appreciation for integrating Traditional Ecological Knowledge (TEK) in resource conservation and natural habitat 
management is increasing rapidly. Examples of TEK integration in parks and protected areas can now be found all 
over the world. This growing interest in TEK is emerging out of an understanding that the original people’s of the 
land, and their unique knowledge, have much to offer modern land management. However, little information exists 
regarding the nature, location, and outcomes of TEK integrated projects in the world’s first protected area system, the 
National Park Service. With many park units now in charge of lands that have been managed for centuries by tribes, 
understanding the nature of TEK integrated projects is especially important. Using an online survey focusing on the 
Intermountain and Pacific West regions, we addressed the perspectives of NPS employees towards TEK integration. 
We hope to shed light on the perceived obstacles, benefits, and attitudes towards TEK integration within the NPS, as 
well as provide a preliminary map describing the location and nature of these projects. 

USING LIGHTWEIGHT SOUND RECORDERS TO SUPPLEMENT MEXICAN SPOTTED OWL RESEARCH

HETZLER, BRENT CARL1, and Claire Crow1

1Zion National Park, Resource Management and Research, Springdale, UT 84767 Brent_Hetzler@nps.gov, Claire_
Crow@nps.gov

Efficiency of occupancy surveys and monitoring of Mexican Spotted Owl (Strix occidentalis lucida) (hereafter, MSO) 
in the canyon habitat of Utah is reduced by the effects of weather, distances and geography on accessability. Using 
sound recorders under 160 gm that fit in a shirt pocket, we increased efficiency of field crews and enhanced detection 
of owls. In 2008 and 2009, we placed 1 to 7 recorders for up to 5 days in sections of canyons historically occupied by 
MSOs. We detected MSOs with recorders in 11 of 13 sites (85%) in which MSOs had previously been detected by 
onsite observers. We recorded a full suite of acoustic behaviors over 164 recording-days at one site. The recorders also 
provided breeding information, with breeding calls of adults and food-begging vocalizations of young readily appar-
ent on some recordings. The recorders detected MSOs in several sites in which onsite observers following standard 
MSO occupancy survey protocols failed to detect MSOs. Recordings also confirmed the status of a lone adult. These 
small lightweight recorders provide an inexpensive supplement to monitoring with onsite observers alone. Benefits 
include increased efficiency through maximizing the amount of data collected for the effort involved in accessing 
the sites, increased confidence in lone adult detections, data collected without the influence of a human observer or 
broadcast calls, data collected throughout the diel period, and opportunities to collect recordings of the entire range 
of MSO vocalizations. Recordings which do not detect MSOs may reflect unoccupied status of a site, or may indicate 
poor recorder placement. Multiple recorders can be used in a site to identify roosting areas. The number of recorders 
can then be reduced to 1 or 2 in the core territory for monitoring, in order to save deployment and processing time. We 
plan to test this strategy in future seasons.



THE COLORADO PLATEAU CESU: SEEING IT FROM BOTH SIDES OF THE FENCE

HIEBERT, RON D.1

1Northern Arizona University, PO Box 5765, Flagstaff, AZ 86011-5765, Ron.Hiebert@nau.edu

The Colorado Plateau CESU was one of the 4 prototypes signed into being in June, 1999. I began my stint as the 
National Park Service Research Coordinator for the Colorado Plateau park units. My new office contained not even a 
chair. The NPS now occupies an entire suite in the Platinum rated Applied Research and Development Building. This 
was the time of initiation of the NPS Natural Resource Challenge so I became intimately involved in the 2 Colorado 
Plateau Inventory and Monitoring Programs. This gave me the opportunity to learn about the parks and the people in 
the parks. Being one of the lead dogs, I was heavily involved in developing protocols for the processing of projects 
through the cooperative agreement. I also had the opportunity to become an active participant in academic activities 
at NAU. The parks, the host university and other partners found the CESU concept to be a good one. Other Federal 
agency partners (except USGS) were slow to buy in. I spent over 9 great years on the NPS side. In July, 2008, I 
became the Director of the CPESU as an NAU employee. In the new role, I have become more aware of the partner 
institutions needs and wants. I also have made a concerted effort to get more involvement from the other Federal part-
ners. I feel the future is bright for the CESU Network. However, agencies must remember that partners are operating 
with a much reduced overhead rate and the processing of projects must remain streamlined. Consistency within and 
among agencies in protocols also need to be developed. 

Mixed conifer regeneration following fires of mixed severities of the past twenty 
years in Grand Canyon National Park

Higgins, Anna1, Andi Thode2, Kristen Waring2, Eric Gdula3, Windy Bunn4

1NAU, M.S. Student, Anna.Higgins@nau.edu; 2NAU, Assistant Professor, Andi.Thode@nau.edu, Kristen.Waring@
nau.edu; 3Grand Canyon National Park, GIS Specialist, Eric_Gdula@nps.gov; 4Grand Canyon National Park, Fire 
Ecologist, Windy_Bunn@nps.gov

Grand Canyon National Park’s (GCNP) fire program has existed for over 20 years. The North Rim of the Grand Can-
yon receives an above average amount of lightning compared with other forested ecosystems in the Southwest. Due 
to a reduction in fine fuels from overgrazing in the late 1800’s, followed by active fire suppression in the early 1900’s, 
the natural fire regimes of the forests on the North Rim have been interrupted leading to increased fuel loading, a 
shift in species composition and a change in stand structures. The mixed conifer forests found in between the lower, 
ponderosa pine forests and the higher, subalpine forests are the forest types where the historical fire return interval 
and historical fire severity are most difficult to define. Fire return interval and fire severity varies by elevation, aspect, 
slope, fuel loading, drought and weather conditions. GCNP employs prescribed fire and wildland fire use to reduce 
fuel loading and restore functioning ecological processes. Data collected from 100 plots located across the North Rim 
will be used to determine mixed conifer regeneration rates following low versus high severity fires over the past 20 
years. Plots were chosen randomly dependent on vegetation type, elevation, aspect, slope, fire severity, time since last 
fire, and times burned in the last 20 years. We believe that a single entry, low severity burn is not enough to alter forest 
structure and species composition back to historical proportions and that multiple prescribed fires or wildland fires are 
needed to allow for significant regeneration of more fire tolerant, shade intolerant tree species. In addition, many of 
the high severity fires have allowed abundant aspen regeneration, a species viewed as declining in many areas of the 
Southwest. The poster will discuss the need for research, ecological concerns and research methods.
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Conserving extensive connectivity in contested landscapes

Hilty, Jody1

1Wildlife Conservation Society, Bozeman, Montana 59715, jhilty@wcs.org

Conserving connections is a complementary approach to traditional protected areas to conserve biodiversity and is 
increasingly being recognized in the management and policy arena as a priority.  It is increasingly clear isolated pro-
tected areas are unlikely to be adequate in conserving biodiversity especially given already apparent shifts in species’ 
ranges due to climate change.    An increasing amount of research and emerging technologies pertinent to connectiv-
ity and protected area design are available, but there is confusion about how best to apply some of these findings and 
tools.  We believed it was timely to conduct a review of information that assists planners, biologists and wildlife man-
agement agencies in setting priorities and selecting planning methods that lead ultimately to more effective on-the-
ground conservation actions in terrestrial-freshwater systems. We build upon existing research and recommendations 
to parameterize the key characteristics of a biologically sound connectivity plan and in doing so offer a framework for 
defining ‘how much is enough’ to move beyond minimal viability to functional populations and systems. 

Identifying and Protecting Connectivity in Florida and the Southeastern U.S.

Hoctor, T.S.1, M. Carr1, and P.D. Zwick1

1College of Design, Construction, and Planning, University of Florida, Gainesville, FL 32611, tomh@geoplan.ufl.edu, 
mcarr@ufl.edu, pdzwick@ufl.edu

Since 1995, we have worked with the Florida Department of Environmental Protection and the U.S. Environmental 
Protection Agency to identify ecological networks in Florida and the southeastern United States. These projects, 
the Florida Ecological Greenways Network and the Southeastern Ecological Framework, used available GIS data to 
identify large, relatively intact areas important for conservation and the best opportunities to protect or restore con-
nectivity across the region. Goals include the protection and restoration of large, wide-ranging species such as black 
bear (Ursus americanus) and Florida panther (Puma concolor coryi), protection of large intact landscapes more likely 
to harbor functional ecosystem services, and facilitation of adaptation to short and long term environmental changes 
including climate change and sea level rise. Both projects are large in scale and therefore suffer from uncertainty asso-
ciated with the vagaries of defining functional connectivity and our inability to effectively monitor effectiveness over 
large areas. However, these efforts provide opportunities to highlight the importance of connectivity conservation and 
provide governmental venues for making connectivity a pursued policy objective. The Florida Ecological Greenways 
Network is a cornerstone of conservation efforts in Florida, and it has recently been updated and prioritized. Though 
urban and suburban development continues rapidly, revised and new policy efforts are aimed at protecting remaining 
intact landscapes throughout Florida. The Southeastern Ecological Framework has served the U.S. Environmental 
Protection Agency well as a coordination tool with both federal and state agencies to guide policy and environmen-
tal review processes. Updated Southeastern Ecological Framework data may also prove useful in ongoing efforts to 
identify opportunities to protect connectivity across the eastern United States. Threats to the protection of connectivity 
in Florida and the southeastern U.S. include poor growth management, an extensive highway and road network, and 
potential significant impacts from climate change including sea level rise.

A preliminary investigation of dust production and associated vegetation 
impacts on the Colorado Plateau

HOFFMANN, SCOTT L.1, Mark W. Brunson2, and Jayne Belnap3

1,2Ecology Center and Department of Environment and Society, Utah State University, Logan, UT 84322-5215, Scott.
Hoffman@aggiemail.usu.edu, Mark.Brunson@usu.edu; 3USGS - Southwest Biological Science Center, Canyonlands 
Research Station, Moab, UT 84532, jayne_belnap@usgs.gov

The increasing amount of recreational traffic on unpaved roads on the Colorado Plateau, in particular the growing 
popularity of off-highway vehicle (OHV) use and the development of roads and trails by OHV enthusiasts, raises criti-



cal questions about the impact on local ecosystem dynamics of the aeolian dust generated by these activities. Studies 
examining the mechanisms underlying recreation-erosion-vegetation (REV) relationships are few in number, and the 
unique ecosystem characteristics of the Colorado Plateau have seldom been the focus of such work. Dust movement 
over large spatial areas may create a source-sink relationship within nutrient budgets across varying elevations and 
landscape types. Nutrient cycling on the Colorado Plateau is particularly vulnerable to surface disturbance due to 
relatively high nutrient content in the fine soil fraction, which consists of particle sizes most likely to be affected by 
sedimentation and wind erosion. It has been suggested these effects could be significant enough to influence overall 
plant community structure. In this study we have begun to examine the ecological importance of dust by examining 
its physical effects on vegetation in grassland and shrubland communities in southeastern Utah. Such effects may 
include inhibition of photosynthesis, respiration, and transpiration, and physical damage to leaf and shoot structures. 
Data collected will quantify changes in plant function due to dust, following the hypothesis that certain adaptive traits 
developed by species in semi-arid systems may in fact make them more vulnerable to dust collection and associated 
impacts on plant functioning. 

CO-MANAGEMENT OF NORTH RIM FORESTS ACROSS A JURISDICTIONAL BOUNDARY: A CASE 
STUDY

HOLCOMB, CHRISTOPHER M.1

1Center for Sustainable Environments, Northern Arizona University, Flagstaff, AZ 86011 (cmh328@nau.edu)

There are visible differences in forest overstory structure and composition that follow very closely along the juris-
dictional boundary between Grand Canyon National Park (GCNP) and Kaibab National Forest (KNF) on the North 
Rim across a 500 m elevation gradient. We used field data and GIS layers derived from satellite imagery to test four 
hypotheses using multiple regression. Our study area is a 1-km buffer that extends north and south equally into each 
jurisdiction along a 40-km section of boundary. We hypothesized that within the study area: (1) Aspen abundance is 
higher on KNF due to timber harvest legacies that have changed successional status over large areas; (2) White fir 
abundance is higher on GCNP due to fire suppression and lack of large disturbances, including fuels reduction treat-
ments; (3) Canopy cover is lower in KNF due to timber harvest legacies; (4) Tree density is higher in GCNP due to 
fire suppression and absence of timber harvest. The results of the statistical analysis are in progress as of July, but will 
be completed by October. Interviews with agency personnel, scientists and environmental advocates were conducted 
to help understand fundamental issues surrounding current and future efforts to improve cooperative management 
between NPS and USFS across the boundary. We analyze the interview data in order to: (1) Understand the various 
dimensions of the problem and what problems result from a lack of appropriate co-management; (2) Clarify goals and 
intentions for improving cooperation; (3) Identify pragmatic roadblocks that must be coped with or dismantled; (4) 
Suggest feasible short-term and medium-term actions that could be taken to achieve those goals; (5) State the ways 
that management should remain disjunct across the boundary. Additionally, we used library research to generate a 
narrative of management history that tracks the development of the sharp changes in forest conditions over time, and 
provides an instructive case study of cross-boundary co-management.

HABITAT-BASED BIRD COMMUNITY MONITORING IN NATIONAL PARKS OF THE SOUTHERN 
COLORADO PLATEAU NETWORK: MONITORING DESIGN AND USES

HOLMES, JENNIFER A.1, and Matthew J. Johnson2

1Colorado Plateau Research Station, Northern Arizona University, Flagstaff, AZ 86011, Jennifer.Holmes@nau.edu
2USGS Southwest Biological Science Center, Colorado Plateau Research Station, Flagstaff, AZ 86011, Matthew.
Johnson@nau.edu 

Ecological integrity can’t be measured and monitored; appropriate ecological indicators are needed to measure the 
effects of natural and human-caused disturbances. Landbirds have characteristics that make them meaningful indica-
tors of ecological integrity. In particular, habitat-based bird communities comprise a diversity of co-existing species 
with varying ecologies. Each species can be assumed to respond differently to environmental changes. Thus, the bird 
community reflects a broad array of ecological conditions. Also, bird communities can be readily and effectively 

Abstracts of Presented Papers and Posters    71



72    10th Biennial Conference for Research on the Colorado Plateau 

monitored; simple techniques survey a large proportion of its members. For these reasons, the NPS Southern Colorado 
Plateau Inventory and Monitoring Network selected habitat-based bird communities for long-term monitoring with the 
goals of 1) determining the status and trends in composition and abundance of breeding bird communities associated 
with selected habitats, and 2) to improve our understanding of bird-habitat relationships and the effects of manage-
ment or land-use practices. The monitoring protocol was designed to meet the objectives. It incorporates extensive 
spatial and temporal sampling to enable determination of status and trends. And, compared to other park bird monitor-
ing, the program has relatively intensive habitat sampling that enables assessment of bird-habitat relationships. In the 
more extensive target habitats, we use a cluster-based spatial sampling design; in smaller habitats, we use a simple 
grid design. Bird sampling consists of VCP point count surveys with distance estimation, in target habitats (grassland, 
pinyon-juniper, mixed conifer, and riparian). Points are sampled twice within one year, and target habitats are sur-
veyed every third year. We give examples of how this monitoring design provides data to assess bird-habitat relation-
ships at multiple spatial scales: at the level of the target habitat, the landscape, and local effects at larger scales, and to 
track bird community status and trends over the long-term.

FREE WATER SELECTION BY LARGE VERTEBRATES: IMPLICATIONS FOR WILDLIFE MANAGEMENT  

HOLTON, BRANDON1 and David J. Mattson2

1NPS – Science and Resource Center, Grand Canyon National Park, Grand Canyon, 86023, Brandon_Holton@nps.
gov; 2USGS - Southwest Biological Science Center, Colorado Plateau Research Station, Flagstaff, AZ 86011, David.
Mattson@usgs.gov 

In contrast to times before European settlement, when naturally occurring free water was rare and irregularly distrib-
uted, there are currently few areas beyond range of free water for mobile wildlife. Because water limits most wildlife 
species in dry environments, the availability of free water may affect range and distribution of terrestrial vertebrates 
adapted to dry environments. However, little is known regarding the effects of different kinds of upland free water on 
behaviors, populations and communities of larger vertebrates in arid and semi-arid environments. In light of declines 
in natural waters on the Colorado Plateau, provisioning of artificial water in excess of natural conditions has resulted 
in a novel situation of uniformly-distributed persistent waters in otherwise dryland, permitting more water-dependent 
species to occupy new areas and numerically increase. Some wildlife species, namely large ungulates, have undoubt-
edly benefited from, and have likely become reliant on, artificial waters widely distributed across multiple jurisdic-
tions of the Colorado Plateau. At a finer scale, use has likely shifted from ephemeral natural waters to more wide-
spread artificial sources. Recent work from the Flagstaff area indicate that predator and prey species select different 
water source types (natural v. artificial) according to variations in physiognomy at water sources, specifically vis-
ibility, which ultimately contribute to varying degrees of species interactions and community dynamics at these water 
sources. Moreover, herbivores heavy use artificial waters on flatter open sites, presumably to reduce risk of predation 
and raising the prospect that artificial water sources have modified predator-prey dynamics, species abundance, and 
competition among water-dependent species. The forecasted drying and more certain warming of the Colorado Pla-
teau raise questions about other effects of artificial upland waters and how wildlife and wildlife managers will respond 
to these changes. 

Strategies for Natural resource management under changing climates

Holtrop, Joel 1

1Deputy Chief, National Forest Systems, USDA Forest Service, Washington, DC 20036; jholtrop@fs.fed.us

Society relies on ecosystem services such as clean water, clean air, biological diversity, wood products, and recreation, 
provided by our nation’s forests and grasslands. Global climate change is dramatically altering these ecosystems and 
many of the most urgent management problems of the past 20 years have been driven, in part, by changing climate. 
Expanding forest insect infestations have resulted in uncommonly large areas of dead and dying forests. In addition, 
the spread of invasive species has resulted in an ever-increasing level of fine fuels on our landscapes. These become 
part of the increasing fuels for wildfires that are larger, more frequent, and often more intense than occurred histori-
cally. Changing patterns of precipitation and temperatures have resulted in earlier snowmelts and associated peak 
stream flows, which add to the challenges of managing our natural resources. The U.S. Forest Service has developed 



a Strategic Framework for Responding to Climate Change based on their mission to sustain the health, diversity, and 
productivity of the Nation’s forest and grasslands to meet the needs of present and future generations. Climate change 
is one of the greatest challenges to human well being and sustainable management of forests and grasslands because 
the rates of change will likely exceed many ecosystems’ ability to adapt. To continue to fulfill its mission, the Forest 
Service must fully integrate the consideration of climate change into its planning and actions. The Strategic Frame-
work has developed goals to address climate change including those related to science, adaptation, mitigation, policy, 
sustainable operations, education, and alliances. 

A SOCIAL MARKETING APPROACH TO MANAGING RESOURCE THEFT AT PETRIFIED FOREST 
NATIONAL PARK

HOSPODARSKY, DENVER1, and Martha Lee2

1School of Forestry, Northern Arizona University, Flagstaff, AZ 86011; denver.hospodarsky@nau.edu; 2School of 
Forestry, Northern Arizona University, Flagstaff, AZ 86011; martha.lee@nau.edu

Decades of research to document petrified wood theft at Petrified Forest National Park has resulted in increasingly 
precise estimates of the amount of wood stolen by Park location, visitor characteristics and resource proximity to visi-
tor activities. Most recent estimates by researchers (authors above) place the average amount of wood unaccounted for 
within the Park at 12,696 pounds a year. While this estimate suggests wood theft is less prevalent than previous stud-
ies indicated, the magnitude of resource impact is still unacceptable to the resource preservation objectives of Park 
management. In the face of this continuing threat to Park non-renewable resource sustainability a social marketing 
plan was developed in an attempt to more comprehensively manage these Park resources. The plan explicitly is con-
figured to accommodate the requirements of marketing for behavior change to public lands visitors, while maintain-
ing high quality visitor experiences. Elements of the plan include strategies for affecting visitor depreciative behavior 
through collaboration networks, education/interpretation and leadership. The social marketing approach has promise 
for ameliorating wood theft behavior as it brings new techniques and a heightened level of integrated strategy to the 
resource management process.     

APPLYING LANDSAT TM SATELLITE IMAGERY TO THE DETECTION AND MANAGEMENT OF 
INVASIVE EXOTIC SPECIES ACROSS JURISDICTIONAL BOUNDARIES IN AND AROUND WALNUT 
CANYON NATIONAL MONUMENT

HUDSON, HILLARY L.1, Steven E. Sesnie2, Brett G. Dickson2, Ronald D. Hiebert3, and Lisa P. Thomas4

1School of Earth Sciences and Environmental Sustainability, Northern Arizona University, Flagstaff, AZ 86011-5694, 
Hillary.hudson@nau.edu; 2School of Earth Sciences and Environmental Sustainability, Applied Ecology Laboratory, 
Northern Arizona University, Flagstaff, AZ 86011-5694, Steven.sesnie@nau.edu; Brett.dickson@nau.edu; 3Colorado 
Plateau Cooperative Ecosystem Studies Unit, PO Box 5765, Flagstaff, AZ 86011-5765, Ron.hiebert@nau.edu; 4SCPN 
National Park Service, Northern Arizona University, PO Box 5765, Flagstaff, AZ 86011-5765, Lisa_thomas@nps.gov

The early detection of invasive exotic plant species improves success in the treatment and control of these species. The 
detection and control of new exotic invasive plant introductions is a priority for the National Park Service, however, 
selecting sites for monitoring for new invasions has proven difficult without up to date fine scale inventories of exotic 
species distributions. Inventories of invasive species populations can support species distribution models that result in 
predictive surfaces indicating locations where a species might be expected to be found, however, the presence of cer-
tain environmental variables does not necessarily imply that habitat is available for invasion. Disturbances resulting in 
changes in vegetation cover may prove to be a better indicator of where habitat vulnerable to invasion may be found. 
Additionally, while data contributing to detailed maps of individual species distribution are costly and time consum-
ing to obtain, Landsat TM Satellite imagery offers easily accessible and inexpensive multispectral data that may be 
applied to detecting change in vegetation cover over time. In this research, NDVI values for two images covering the 
same spatial extent were subtracted using remote sensing software in order to obtain values for negative change, no 
change, and positive change in vegetation cover over a span of thirteen years. These results will be correlated through 
field data with the level of exotic species richness related to each classification of change. This research hopes to show 
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a relationship between remotely sensed changes in vegetation and degree of exotic infestation as indicated by exotic 
species richness. This method could then be applied to the early detection of exotic plant invasions in and around Wal-
nut Canyon National Monument aiding land managers in collaborative control activities and assisting in designating 
priority areas for treatment and control. 

DISTRIBUTION AND EXPANSION OF DIORHABDA ELONGATA ACROSS THE COLORADO PLATEAU

Jamison, LEVI¹, Nate Ament², and Clark Tate³
¹ Colorado Department of Agriculture, Palisade, CO 81526; ¹ University of California, Santa Barbara, CA 83106 
levisor7@hotmail.com; 1,2,3 Tamarisk Coalition Grand Junction, CO 81502 nament@tamariskcoalition.org, ctate@
tamariskcoalition.org

Spreading rapidly across the region, the tamarisk leaf beetle (Diorhabda elongata) has now been established over 
nearly half of the Colorado Plateau. Yearly surveys of the Colorado River Basin beginning in 2006 have tracked the 
expansion of D. elongata as it has spread from multiple release sites in Utah and Colorado. This summer (2009) a 
large scale mapping effort was taken underway to map the distribution of D. elongata across the Colorado Plateau 
expanding from release sites in the northern half of the region. Distribution was found to be widespread in both 
Eastern Utah and Western Colorado, accompanied by widespread defoliation zones. Surveys monitored D. elongata 
populations along the Colorado, Dolores, Green, Gunnison, San Juan, Virgin, and White Rivers and their associated 
tributaries. Dispersing adults and aggregations of larvae were also located in multiple watersheds south of the 37th 
parallel in northern Arizona and New Mexico. Beetles moving south were found established in many of the Grand 
Canyon’s northern tributaries like Kanab Creek and the Paria River and around the upper Marble Canyon Gorge. 
Maps from the surveys show an expanding assortment of semi-isolated populations growing and converging to create 
a patchwork of large interconnected population zones disseminating across the Colorado Plateau. Results also point 
towards long distance dispersal of D. elongata being influenced by major tourist/transit corridors and could be a func-
tion of unintentional human dispersal. The distribution and establishment of the beetles within the Colorado Plateau 
and the Western USA will undoubtedly lead to significant changes in western riparian zones and is occurring at very a 
rapid pace. Overall management and research should be understood at a broad regional scale and is best viewed as an 
interconnected phenomenon to be addressed over an entire landscape.

Making good compromises in implementing wildlife linkage designs

Jenness, j. s.1, and Paul Beier2 
1Jenness Enterprises, 3020 N. Schevene St., Flagstaff AZ 86004, jeffj@jennessent.com; 2School of Forestry, Northern 
Arizona University, Flagstaff AZ 86011, Paul.Beier@nau.edu

In recent years, we have helped design wildlife linkages to connect wildland areas in human-dominated landscapes. 
To meet the movement needs of 6-12 focal species, each linkage design is a broad (> 1 km wide), nonlinear, multi-
stranded swath designed. However, each design is based solely on needs of focal species, ignoring the political 
and financial constraints that confront planners, regulators, and conservation investors. For instance, the biological 
optimum design may include many small parcels (high per-acre transaction costs) or land planned for urban devel-
opment. At the same time, there may be an opportunity to conserve an alternative swath of land that does not have 
these problems. Compared to the optimal linkage design, is the alternative almost as good, half as good, or markedly 
inferior? Our new Corridor Evaluation Tools allow planners to propose an alternative corridor by drawing it on the 
screen or selecting parcels of interest. They can then compare several alternative corridor designs in terms of several 
GIS outputs: (1) frequency distributions of habitat quality for each focal species (2) narrowness and length of bottle-
necks in each design (3) the longest distances between steppingstones of modeled breeding habitat for each focal 
species, (4) circuit theory resistance, (5) maximum distances between riparian areas, and (6) development potential (a 
crosstabulation of private land parcel sizes with distance to paved roads). We illustrate the Corridor Evaluation Tools 
by evaluating alternative linkage designs to connect the Santa Catalina Mountains and the Tortolita Mountains near 
Tucson, Arizona. We identified a compromise that should work nearly as well as the original linkage design (www.
corridordesign.org), but at lower cost. 

http://www.corridordesign.org


MANAGING ELK IN THE ABSENCE OF AN INTACT ECOSYSTEM: CHALLENGES IN ROCKY 
MOUNTAIN NATIONAL PARK

JOHNSON, THERESE L.1, John A. Mack2, and Ben Bobowski3

1NPS-Rocky Mountain National Park, Estes Park, CO 80517, therese_johnson@nsp.gov; 2NPS-Rocky Mountain 
National Park, Estes Park, CO 80517, john_mack@nsp.gov; 3NPS-Rocky Mountain National Park, Estes Park, CO 
80517, ben_bobowski@nsp.gov

Research has shown that the elk herd that uses Rocky Mountain National Park and the Estes Valley outside the park 
is larger, less migratory and more concentrated than it would be under more natural conditions. Given a history of 
considerable human influence on the ecosystem, meeting the park’s mandate to preserve natural conditions is chal-
lenging. Lack of a full complement of native predators and development outside the park are key stressors that have 
contributed to the overabundant and habituated elk population, resulting in significant declines in willow and aspen 
habitat that support high biodiversity. Following a seven year research phase and four year interagency planning 
process, the park recently completed and began implementing an Elk and Vegetation Management Plan. Because there 
are constraints to restoring predators in the region and hunting is not appropriate in the park other creative manage-
ment strategies are needed to work toward ecosystem restoration. The plan calls for adaptively using a combination 
of conservation tools, including fencing, redistributing and culling elk, and various strategies of restoring vegetation. 
Cooperation with the state of Colorado and other stakeholders is important for effective management. 

The role of the CESUs of the National Park Service, Intermountain Region in 
getting support for cultural resource managers in our parks

Jones, A. Trinkle1, Pat O’Brien2, and Cultural Resource Specialist, RM-CESU (TBD)3

1Colorado Plateau CESU, Northern Arizona University, P.O. Box 5675, Flagstaff, AZ 86011, 928-523-0680, 
a_trinkle_jones@nps.gov; 2Desert Southwest CESU, The University of Arizona, Tucson, AZ 85721-0043, 520-626-
3966, pat_o’brien@nps.gov; 3Rocky Mountains CESU, Department of Anthropology, The University of Montana, 
Missoula, MT 59812,  

The Intermountain Region of the National Park Service was an innovative first user of Cooperative Ecosystem Studies 
Units. The Rocky Mountains and Colorado Plateau CESUs were created in 1999, with the Desert Southwest CESU 
following shortly thereafter. The IMR staffed the CESUs with research coordinators, and then added cultural special-
ists, duty stationed at the University of Montana, Northern Arizona University and University of Arizona. We will 
present information on how our cultural resource specialists have brokered projects between the CESU universities 
and non-profit research groups and park and program managers in such diverse areas as archeology, cultural landscape 
inventories, museum studies and architecture. We will outline the history and the pattern of use of these coopera-
tive agreements by NPS units and programs during the first decade of their existence, with an emphasis on cultural 
resource projects and internships. We will highlight case study examples of how the CESUs have encouraged the 
integration of natural and cultural resource research, technical assistance and education.

LEAST COST PATH MODELING FOR LYNX IN THE MIDDLE ROCKIES 

JONES, ALLISON L.1, and Wendy Bates1

1Wild Utah Project. 68 South Main Street, Suite 400. Salt Lake City, UT 84101

Population fragmentation and isolation are primary concerns for conservation of large carnivores. In the middle Rock-
ies region of southeast Idaho, southwest Wyoming, northwest Colorado and northeast Utah, another concern is con-
nectivity of newly established lynx populations in western Colorado with existing populations in the northern Rockies. 
We used GIS weighted distance and least cost corridor identification techniques to delineate landscape routes offering 
the best chance of success for lynx moving between “lynx core patches” within Wyoming, Utah and Colorado. Core 
patches include unroaded or very lightly roaded boreal forest types large enough to support at least one lynx home 
range. Using ARC/GRID to create 100 m2 cost surfaces of movement, landscape permeability between patches was 
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modeled based on land cover, road density, topography, and human population density. The results indicate probable 
movement routes between core patches, as well as critical barriers, bottlenecks and filters where corridor routes inter-
sect high-risk habitat. This analysis will be used to assist our conservation partners identify priority areas for wildlife 
habitat acquisition, easements, management attention and other forms of habitat protection.

META ANALYSIS INDICATES THINNING AND BURNING TREATMENTS HAVE POSITIVE EFFECTS ON 
WILDLIFE DENSITIES IN SOUTHWESTERN CONIFER FORESTS

KALIES, E.L.1,2, C.L. Chambers1, W.W. Covington1,2

1 School of Forestry, Northern Arizona University, Flagstaff, AZ 86011, USA
2 Ecological Restoration Institute, Northern Arizona University, Flagstaff, AZ 86011, USA

After a century of fire suppression and logging, conifer forests in the western United States have undergone a dra-
matic departure from conditions that existed prior to Euro-American settlement.  There is now an emphasis on 
implementing fuels reduction treatments, whereby fuel loads are reduced through both silvicultural treatments and 
controlled burns, decreasing the likelihood of crown fire.  Because fuels reduction treatments are relatively new, hav-
ing been implemented in the last 20 years, the overall impacts on wildlife are yet poorly understood. We used meta 
analysis to summarize the impacts of thinning, prescribed burning, logging, and wildfire on all vertebrate wildlife 
species whose density or reproductive output were compared in treated and untreated sites in southwestern conifer 
forests. Clearcutting and wildfire result in an overall negative response in species’ densities. Thinning and burning 
had positive effects on species’ densities, while the thin/burn and harvest treatment responses did not differ from zero. 
Ground-foraging birds and rodents had neutral density responses to the treatments, whereas aerial-, tree-, and bole-
foraging birds had positive or neutral responses to the thinning and burning treatments, but negative responses to the 
clearcut and wildfire. Of the treatments, woodpeckers and hummingbirds only exhibited a negative density response to 
the clearcut. The results indicate that fuels reduction treatments as currently being implemented in the Southwest do 
not negatively impact wildlife densities, but a combination of various treatments in a patchy arrangement across the 
landscape is likely to result in the highest diversity and density compared to any one treatment. We recommend that 
managers continue implementing fuels reduction treatments, but that future research focus on longer term responses 
of species, using reproductive output as a more informative response variable, and targeting large, top trophic level 
species for which there is a paucity of data in the literature.

EXCAVATION OF STRUCTURE 4, ARROYO 5, AT THE FURNACE FLATS SITE

KELLER, DON1

1Museum of Northern Arizona, 3101 N Fort Valley Rd, Flagstaff, AZ 86001, donaldr7@juno.com

Excavation of Furnace Flats Structure 4 reveals a complex sequence of depositional strata and architectural develop-
ments pointing to three phases of cultural occupation: preceramic Archaic or Basketmaker; Pueblo I (A.D. 800-1000) 
Cohonina; and late Pueblo II (A.D. 1075-1150) Kayenta. National Park Service testing in 1984 explored the upper 
occupation phases associated with the masonry room and floor of Structure 4 documenting the late Pueblo II (A.D. 
1075-1150) deposition. Our complete excavation of the structure in 2007 revealed full room dimensions, remodeling 
episodes, and several floor features including postholes and shallow pits, an enigmatic central floor stone, and a pen-
dent-making tool kit. Subfloor features included two apparent roasting pits possibly representing a seasonal Pueblo I 
(A.D. 800-1000) phase. These pits were dug into an underlying preceramic deposit which had arguably accumulated 
from adjacent seasonal hunting camp activities. Were these Basketmakers, engaged in off-season foraging, or perhaps 
the individuals who left behind split-twig figurines in regional caves or the polychrome rock art found elsewhere in 
the Grand Canyon area? Aspects of the relationship of the archaeological sequence to cycles of erosion and deposition 
from the Arroyo 5 runoff course have the potential to elucidate the physical dynamics on the Furnace Flats terrace. 
In particular, depositional angles and proportions of interfingering Dox colluvium in parts of the room indicate that 
the runoff course has been a factor since late Pueblo II (A.D. 1075-1150) beginning with erosional truncation of the 



east side of the room floor. However, subsequent colluvial deposition, and retention of most architecture and cultural 
deposits within the room, suggests that observed entrenchment of Arroyo 5 is a relatively late event, postdating the 
prehistoric period. Does this suggest that the face of the Dox terrace upon which the structure is situated has eroded 
back to its present position in relatively recent times?

WEST NILE VIRUS ECOLOGY AND IMPACTS IN NORTH AMERICA

KILPATRICK, A. MARM 1, Peter Daszak2, Peter P. Marra3, Laura D. Kramer4

1Univ. of California, Santa Cruz, CA 95064; marm@biology.ucsc.edu; 2Wildlife Trust, New York, NY, 10001; 
daszak@wildlifetrust.org; 3Smithsonian Migratory Bird Center, Washington, DC 20008; marrap@si.edu; 4Wadsworth 
Center, New York State Dept. of Health, Slingerlands, NY 12159; ldk02@health.state.ny.us

Ten years after the introduction of West Nile virus (WNV) into the western hemisphere, the ecology of transmission 
dynamics and impacts on host populations are becoming apparent. I will describe what is known about which mosqui-
toes and birds play key roles in WNV transmission, and how this varies spatially and temporally. Several species from 
at least five different families of birds have suffered known population impacts from this disease, and other groups are 
in urgent need of study. Looking forward, I will highlight what is known about the long-term trajectory for WNV in 
North America, including the possible impacts of climate and climate change.

THE ROLE OF REGIONAL ECONOMICS IN RESTORING THE SOUTHWESTERN PONDEROSA PINE 
ECOSYSTEMS 

KIM, YEON-SU1 
1School of Forestry, Northern Arizona University, Flagstaff, AZ 86011, Yeon-Su.Kim@nau.edu
 
Understanding regional economic impacts of ecological restoration projects help us translate ecological problems into 
terms directly relevant to human economies. With careful planning, management activities to restore ecosystems can 
provide sustainable, green jobs to people who need them most and promote development of economically depressed 
rural areas. Providing jobs and developing infrastructure can also encourage social capital building through actively 
engaging local populations in restoration and stewardship projects, which would facilitate future collaborative plan-
ning in return. This study is to provide social and economic contexts of ecological restoration treatments for four 
National Forests in northern Arizona. We have estimated potential regional economic impacts resulting from collab-
oratively developed treatment scenarios using the economic modeling software IMPLAN. Mechanical thinning treat-
ments create more jobs per dollar invested than prescribed burning (16 versus 13.6 jobs per million dollars of federal 
spending). The largest treatment scenario treating 1.7 million acres would cost close to 1 billion dollar at the current 
rate, and generate more than 1.3 billion dollar of total sales and 14,820 jobs in local economies.

DAWN KISH PHOTOGRAPHY: DOCUMENTING NEW EXCAVATIONS ALONG THE COLORADO RIVER 
CORRIDOR FOR THE MUSEUM OF NORTHERN ARIZONA AND GRAND CANYON NATIONAL PARK

KISH, DAWN1

1Dawn Kish Photography, Flagstaff, AZ 86110, dkish@dawnkishphotography.com 

Dawn Kish is a freelance photographer from Northern Arizona. She will present a slide show of photographs of the 
recent archaeological excavations along the river corridor. Her work follows a documentary style of combining art and 
science. These images – A Grand Archaeology – were exhibited at the Museum of Northern Arizona (MNA) and will 
part of a future exhibit at Kolb Studio, Grand Canyon National Park, and an issue of MNA’s Plateau magazine.
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An Investigation of Quantifying and Monitoring Stone Surface Deterioration 
Using Three Dimensional Laser Scanning for Heritage Sites

Kottke, Jessica1, John Hinchman1 and Frank Matero1

1Historic Preservation, University of Pennsylvania, 3451 Walnut Street, Philadelphia, PA 19104, kottke@design.
upenn.edu, hinchman@design.upenn.edu, FGMATERO@design.UPENN.EDU

This paper investigates three dimensional laser scanning as a tool to quantify, image, and monitor stone surface 
deterioration at heritage sites. This requires an understanding of stone decay: its weathering forms and mechanisms. 
It also involves an investigation of methods for recording, measuring and monitoring surface phenomena, as well as 
the required standards and objectives for recording at heritage sites. A test case application of three dimensional laser 
scanning is included utilizing the stone lions of the Merchant’s Exchange Building at Independent National Histori-
cal Park in Philadelphia, Pennsylvania and the rock surfaces and inscriptions at El Morro National Monument, New 
Mexico. The three primary considerations in assessing the application of the laser scanning process for monitoring 
are: whether surface area and depth can be quantified using this recording tool; whether the final product will clearly 
represent and communicate conditions; and whether the process meets the objectives for recording, quantifying and 
monitoring decay. Performance criteria for monitoring are appropriate sampling resolution; site accessibility, form 
and complexity; time frame; tolerance, error and accuracy; repeatability; risk to object; visual representation of data; 
cost and cost/benefit analysis.  Performance criteria for recording and quantifying surface decay include: appropriate 
scope for data collection methodology; site accessibility, form and complexity; time frame; error and accuracy; risk 
to object; visual representation of data; and cost and cost/benefit analysis. There is a continuing requirement in the 
conservation field to accurately record and represent deterioration phenomena on complex three dimensional subjects 
and a concurrent demand by resource managers to use advanced technologies for this process. Three dimensional 
laser imaging (scanning) is considered to be the next generation for recording, however the cost of these technologies 
remains extremely high. Additionally, there are known limitations in its applications. Because the commercial indus-
try is promoting laser scanning within the heritage field, it is necessary to determine how the technology can be used 
and to define exactly what can be done with the results in order to make informed decisions for heritage management 
such as risk assessment and treatment assessment. Finally, ambiguity in existing literature and case studies regarding 
the success of the application in meeting project objectives and analyses of cost vs. benefit indicates that this discus-
sion is lacking for the field. 

The role of reproductive ecology and conservation genetics of plant species on 
ecosystem restoration

KRAMER, ANDREA1 and Jeremie Fant2

1Executive Director, U.S. Office, Botanic Gardens Conservation International at Chicago Botanic Garden, andrea.
kramer@bgci.org, Glencoe, IL 60022; 2Molecular Ecologist/Conservation Scientist, Division of Plant Science and 
Conservation, Chicago Botanic Garden, jfant@chicagobotanic.org, Glencoe, IL 60022

Most plant species commonly used in ecological restoration activities are naturally comprised of numerous popula-
tions widely distributed throughout very different environments. Understanding how individual populations are shaped 
by and adapted to these varied environments is key to choosing appropriate source material for a successful habitat 
restoration. For example, seeds of a penstemon species (Plantaginaceae) collected from a high elevation populations 
(over 2,700 meters) in Nevada required twice as much chilling time to meet germination needs than those collected 
from low elevations (under 1,700 meters). This difference will have important consequences for restoration success. 
If seed from a high elevation source was applied at a low elevation, chilling requirements would not be met leading 
to either immediate failure of the restoration due to lack of germination or eventual failure due to low establishment 
and population growth. Ecological genetics studies, such as this, provide insight into natural patterns of population 
differentiation in widespread plant species with broad ecological amplitude. Here, we present the results of ecological 
genetics research on three perennial forb species (Penstemon pachyphyllus, P. deustus, P. rostriflorus), each with dif-
ferent primary pollinators, and all widespread throughout the mountain islands which comprise the Great Basin region 
of the western United States. We discuss how these results can be directly applied to understanding important genetic 
considerations in ecological restoration, and highlight how differences in reproductive ecology influence recommen-
dations for both short and long-term ecosystem restoration success. 



SUDDEN ASPEN DECLINE IN SOUTHWEST COLORADO: ESTABLISHING A LONG-TERM 
MONITORING RESEARCH PROGRAM

KORB, JULIE E. 1 and Erin M. Lehmer2

1Fort Lewis College, Biology Department, Durango, Colorado 81301, korb_j@fortlewis.edu 
2Fort Lewis College, Biology Department, Durango, Colorado 81301

In southwestern Colorado interspersed among conifer dominated forests, aspen is crucial for landscape and plant 
species diversity, wildlife habitat, and ecosystem processes such as biogeochemical cycling. The extreme and sud-
den aspen decline (SAD) that we have observed in the San Juan Mountains since 2003 is attributed primarily to 
the drought that started in 2001, along with the old age of aspen, coupled with secondary biological agents such as 
Cytospora canker, aspen bark beetles, and the poplar and bronze poplar borers. Other biological and physical fac-
tors associated with SAD include low elevations, south and southwestern aspects, low-density stands, and open, flat 
topography. As of 2008, over 10 percent of the aspen biotic community on the Mancos-Dolores Ranger District, San 
Juan National Forest, had been affected by SAD, which may result in clones dying and long-term aspen cover loss. In 
2009, we established a long-term monitoring research program in coordination with the Mancos-Dolores Ranger Dis-
trict to quantify changes in the ecological structure and function of relatively pure aspen stands with different levels 
of SAD. We established six replicates of four SAD variables: low SAD stands (0-20% SAD), moderate SAD stands 
(20.1-60% SAD), high SAD stands (60.1-100% SAD) and moderate SAD stands with proposed coppice treatments 
in 2010. We established two permanent plots in a subset of the replicates in 2009 and will establish a total of four 
permanent plots in each replicate in 2010 (N= 96). Variables we controlled for among all replicates included stand 
age, percent conifer, slope, aspect, and elevation. In 2009, we measured forest stand structure, herbaceous understory 
composition and abundance, forest floor fuel loads, small mammal diversity and presence of the Sin Nombre Virus, 
and avian diversity. In 2010, we plan to research additional ecological variables including nutrient decomposition, soil 
and plant respiration, and other fauna diversity.  

Nitrogen dynamics along a 33-year stand-replacing wildfire chronosequence in 
southwestern ponderosa pine forests

Kurth, Valerie J.1, Stephen C. Hart2, Peter Z. Fule3 and Jason P. Kaye4 
1School of Forestry, Northern Arizona University, Flagstaff, AZ, 86011, vjk6@nau.edu; 2School of Natural Sciences 
and Sierra Nevada Research Institute, University of California, Merced, Merced, CA, shart4@ucmerced.edu; 3School 
of Forestry, Northern Arizona University, Flagstaff, AZ, 86011, Pete.Fule@nau.edu; 4Department of Crop and Soil 
Sciences, Pennsylvania State University, University Park, PA, jpk12@psu.edu

Fire regimes in southwestern ponderosa pine forests have shifted in recent years from frequent, low-intensity surface fires 
to infrequent, stand-replacing fires; yet, few studies have investigated the long-term effects of this change on ecosystem 
processes. The purpose of our research was to identify temporal patterns in nitrogen (N) cycling dynamics following 
stand-replacing wildfires. We hypothesized that net N nitrification and mineralization rates would increase immediately 
following fire, but then decline over time to eventually resemble those of unburned forest. We employed a chronose-
quence of 7 sites that had experienced a stand-replacing wildfire between 1973 and 2005. Each site was paired with a 
nearby unburned control. We used modified resin cores to measure in situ rates of net N mineralization and nitrification 
in the mineral soil and organic horizon at two time periods over 12-months. Net nitrification rates were consistently 
higher across the burned sites then the unburned controls, but no temporal trend was observed. Regression analyses dem-
onstrated that rates of net ammonification and total mineralization began to converge with comparable unburned forest at 
approximately 30 years post-fire. Our results suggest that stand-replacing wildfires have profound, long-term influences 
on N cycling in these ecosystems, which may have implications for post-fire regeneration.
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Long-term Changes in Structure, Composition and Function in a Ponderosa Pine 
Forest Ecosystem

Laughlin, Daniel C.1

1Ecological Restoration Institute & School of Forestry, Northern Arizona University, Daniel.Laughlin@nau.edu

I used one of the longest-term ecological datasets in the United States to evaluate how changes in overstory structure 
influenced changes in understory plant cover, diversity, and functional identity in a ponderosa pine forest ecosystem. 
Eighty-two permanent square meter chart quadrats that were established as early as 1912 were remeasured in 2007. 
I reconstructed historical forest structure using dendrochronological techniques. Ponderosa pine density (i.e., basal 
area) increased significantly between the two time periods from an average of 4 to 29 m2 ha-1 . I found that the relative 
abundance of C_3 graminoids increased by 19% and C_4 graminoids decreased by 18%. Understory plant foliar cover 
declined by approximately 21% century-1, species richness declined by two species m-2 century-1, and two measures of 
functional diversity declined. Herbaceous plant species with short canopies, low specific root length, low leaf and fine 
root nitrogen concentrations, low foliar d13 C and d15 N, and early flowering times had the highest relative abundance 
in sites where pine density increased the most. The increase in pine density has had significant consequences for 
understory production and functional diversity, and has likely contributed to a shift in understory composition toward 
more shade- and stress-tolerant herbaceous species. These results can be used to make predictions about how silvicul-
tural treatments will influence understory community assembly, though responses to treatments will be contingent on 
land-use legacies, soil properties, and climate change.

IN SEARCH OF SOCIO-ECOLOGICAL RESILIENCE: THE IMPORTANCE OF ADAPTIVELY MANAGING 
USFS GRAZING LANDS IN THE SOUTHWEST

LAWRENCE, MELANIE¹
¹ Northern Arizona University, Graduate Student in Environmental Sciences and Policy Program, Flagstaff, AZ 
86011, ml434@nau.edu

Adaptive management practices have ostensibly been used by the U.S. Forest Service for more than a decade yet little 
evidence of their actual implementation within this federal agency can be found. Indications of particular barriers to 
the effective use of adaptive management currently exist which could result in dire implications for socio-ecological 
health and resilience if these constraints remain in place. This project employs case studies and qualitative interviews 
to determine the current use of adaptive management principles and searches for the existence of roadblocks to the 
effective use of these principles in the decision-making process and in the management of U.S. Forest Service range-
lands in the Southwest. Special consideration is given to assessing the perceived impact of adversarial legalism on the 
collaborative atmosphere in which adaptive management decisions are made.

Propagation of the Endangered Shivwits Milk-vetch (Astragalus ampullarioides), 
Washington County, Utah

Lieberg, Rebecca1, Mark E. Miller2, Rebecca K. Mann2, Cheryl Decker1, and Kathy Davidson1

1National Park Service, Zion National Park, Springdale, UT, Rebecca_lieberg@nps.gov, Cheryl_decker@nps.gov; 
2U.S. Geological Survey, SW Biological Science Center, Kanab, UT, Mark_Miller@usgs.gov, mann@usgs.gov

The Shivwits milk-vetch is a federally-listed endangered plant found only in Washington County, Utah. Of the known 
populations, more than 75% are found within the boundaries of Zion National Park. Since 2006, the U.S. Geologi-
cal Survey and National Park Service (Zion National Park) have been studying this species in relation to geology 
and soils, herbivory, exotic plant competition, and mycorrhizal fungi. In addition, annual plant inventories of all sites 
within Zion NP have been conducted since 2006. Following the findings of the USGS-partnered study, Zion vegeta-
tion staff conducted its own caging and seed collection study, and has begun propagating A. ampullarioides with the 
eventual goal of out planting and increasing populations and sub-populations enough to de-list the species. Propaga-
tion in 2009 included an in-depth comparison between the germination of hand-collected seeds from the 2008 grow-



ing season and seed bank seeds across all sub-populations in Zion NP. This consisted of 89 replicates split between 
two methods of seed scarification with daily monitoring over the germination period. First year results indicate not 
only that the hard seed coat of this species responds much better to razor-nicking scarification than to sandpaper, but 
also that the larger sub-population seeds germinated at higher rates and more robustly than did seeds from outlier sub-
populations. Current energies are focused on encouraging root development and long-term survival in greenhouse/
nursery conditions and planning for year two of germination from seed hand collected in May of 2009. 

Soft Vegetative Capping of Archaeological Masonry Walls at Mesa Verde National 
Park

Lim, Alex1, Frank Matero1 and Michael Henry1

1University of Pennsylvania, 3451 Walnut Street, Philadelphia, PA 19104, alexlim@design.upenn.edu, FGMATERO@
design.UPENN.EDU, henrmic@design.upenn.edu

Archaeological sites account for a large percentage of the world’s cultural heritage and they rank among the most 
at risk from natural and human threats. The protection of exposed masonry walls and other architectural features 
depends ultimately on control of moisture, temperature fluctuations, and movement.  Exposed compound walls tradi-
tionally have been protected by hard cappings of lime, cement, and modified soil mortars.  However, hard capping has 
been found to be inadequate in addressing the long-term management of moisture ingress and thermal movement that 
will continue to stress and damage masonry walls. Instead of protecting the wall as initially designed, hard capping 
can actually accelerate deterioration over time.  Moreover, such approaches to stabilization and display have been 
challenged by culturally affiliated groups (e.g., Native American tribes) as to their insensitivity to the environment. In 
order to counter such problems posed by hard capping, a procedure called ‘soft capping’ has been introduced in recent 
years at several archaeological sites in England, Turkey and elsewhere. Soft capping replaces hard caps with vegeta-
tion planted on top of layers of soil, gravel, and geo-textiles. The idea is to prevent water penetration and to reduce 
thermal fluctuations by taking advantage of plants’ abilities to utilize water and provide a protective consolidating 
barrier on the wall top.  The concept is very similar to green roof technology that has gained increased popularity in 
recent years for its focus on sustainable, low energy consumption solutions. This paper will present current research 
on protocols for laboratory and field testing to understand critical deterioration mechanisms of ancestral puebloan 
masonry walls including structural movement, moisture migration, and thermal stressing and to measure and evalu-
ate a variety of experimental designs for soft capping installed at Far View House, Verde National Park, Colorado and 
Gordion, Turkey.  

A NORTH AMERICAN PROTECTED AREAS DATABASE FOR CONTINENTAL-SCALE CONSERVATION 
PLANNING

LIPSCOMB, DONALD J.1, Robert F. Baldwin2, and Jessica Levine2

1Dept. of Forestry and Natural Resources, Clemson University, Clemson, S.C. 29634, 864-656-7293, dlpscmb@
Clemson.edu; 2Dept. of Forestry and Natural Resources, Clemson University, Clemson, S.C. 29634, 864-656-4857, 
baldwi6@Clemson.edu; 3Commission for Environmental Cooperation, 393 St. Jacques St., Suite 200, Montreal, Que-
bec, Canada H2Y 1N9, 514-667-7184, jlevine@cec.org

Environmental cooperation amongst the three North American countries (Canada, United States, and Mexico) is 
greatly enhanced by map resources of the appropriate scale and resolution to be useful for continental-scale plan-
ning. While the World Database on Protected Areas (WDPA) reflects each country database, it remains a coarse-scale 
approximation of the distribution, extent, and status of protected areas for the North American continent while each 
country maintains a database that may be much more inclusive and fine in resolution (e.g., PAD-US) than is avail-
able for transboundary, continental-scale analyses of biodiversity protection. Thus, the Commission for Environmen-
tal Cooperation (CEC) in partnership with Clemson University convened the data originators to develop a structure 
for a new protected areas database to reflect a meso-scale approach most useful for continental-scale conservation 
planning. As a result of two preliminary meetings, the North American Environmental Atlas Protected Areas map 
(NAEAPA) emerged from data collected and distributed at three sub-continental scales available in 2007: Conserva-
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tion Biology Institute’s PAD-4 data for the United States, Natural Resources Canada data, and National Commission 
of Natural Protected Areas (Mexico) data, supplemented with data from the global scale (the 2006 WDPA). Protected 
areas status codes for the 196,498 resulting polygons were used as assigned by WDPA when available, or approved 
cross-walks. WDPA released an updated dataset in 2007 that was integrated with the multi-scale NAEAPA assigning 
newly available IUCN codes, aligning data from new points and polygons, and selecting from among multiple point/
polygons in the 2007 dataset. A third meeting coincided with the release of 2009 WDPA and new PAD-US, refined 
the data structure, and resolved issues of inclusion of GAP 3 US lands. Geoprocessing was automated for ArcGIS 
9.x to incorporate emerging multi-scale data. The resulting datasets are freely available on the CEC North American 
Environmental Atlas. 

ENDANGERED SPECIES AND PROTECTED AREAS ALONG THE MEXICO-US BORDER

List, Rurik1

1Instituto de Ecología UNAM, 3er Circuito Exterior, Ciudad Universitaria, 04510 México D.F. Mexico Ph/fax (52 55) 
56229004, rlist@ecologia.unam.mx

The border region between Mexico and the United States is biologically very diverse. Spanning from subtropical to 
arid ecosystems including temperate forests and grasslands, its importance for the conservation of North America’s 
biodiversity has been recognized by the establishment in Mexico of 2 biosphere reserves (El Pinacate and Gran Desi-
erto de Altar, and Janos), 3 areas for the protection of flora and fauna (Cañón de Santa Elena, Maderas del Carmen, 
and Laguna Madre y Delta del Río Bravo), while in the United States there is one national monument (Organ Pipe 
Cactus), six wildlife refuges (Cabeza Prieta, Buenos Aires, San Bernardino, Santa Ana, Lower Rio Grande Valley, and 
Laguna Atascosa), one national conservation area (San Pedro Riparian), one national forest (Coronado), one national 
recreation area (Amistad) and one national Park (Big Bend). These conservation initiatives from the government of 
both countries are complemented by the effort of Mexican and American conservationists whom have purchased land 
along both borders to devote it for conservation and to expand adjacent protected areas. Much of these conservation 
efforts have been compromised by the construction of border wall infrastructure, which is physically dividing into 
a northern and southern portion the remaining Mediterranean region of the Californias, most of the Arizona-Sonora 
Desert, a large portion of the western Chihuahuan Desert (the two most biodiverse deserts of the world) and part of 
the Mexican Gulf Plain. Besides the large scale effects the border wall infrastructure may be having in the ecosys-
tems, local populations of medium and large mammals, including 8 endangered species, two threatened and one under 
special protection, are being affected by the wall and will likely result in the local extinction of some of these popula-
tions, the interruption of genetic exchange forming two populations, and the impossibility for the natural re-coloniza-
tion of some of these areas.

DOCUMENTING HERPETOFAUNA OF THE COLORADO PLATEAU AS A CONSERVATION EFFORT

LOUGHRAN, CALEB L.1, and Ellyce K. Eddy2 

1USGS - Southwest Biological Science Center, Colorado Plateau Research Station, Flagstaff, AZ 86011, Caleb.
Loughran@nau.edu; 2Environmental Genetics and Genomics Laboratory, Northern Arizona University College of 
Engineering & Natural Sciences, Flagstaff, AZ 86011, Ellyce.Eddy@gmail.com

With the combined threats of global climate change and human population growth, it is becoming increasingly 
important to monitor anthropogenic effects on the environment. In the United States, “species of concern” lists are 
developed by state and federal agencies so that these species may be given special appropriations to both maintain 
the health and increase monitoring of their populations. On the Colorado Plateau, numerous species of amphibians 
and reptiles have been recognized as species of concern by the region’s federal and state land management agencies. 
Though many herpetofauna are listed, some remain undocumented or even overlooked, which may result in greater 
declines or in their extinction. By compiling a comprehensive list of herpetofauna species of concern in this region, 
appropriate action can be taken to mitigate threats to their populations and ensure their continued survival. 



Reproductive ecology of female Sonora mud turtles (Kinosternon sonoriense) at 
Montezuma Well, Arizona: optimal egg size in a suboptimal environment?

Lovich, Jeff1, Sheila Madrak1, Charles Drost1, Anthony Monatesti1, 2, Dennis Casper3, and Mohammed Znari4

1U. S. Geological Survey, Southwest Biological Science Center, 2255 North Gemini Drive, Flagstaff, AZ 86001 USA. 
jeffrey_lovich@usgs.gov, smadrak@usgs.gov, charles_drost@usgs.gov, ajmonatesti@yahoo.com; 2National Park Ser-
vice, Environmental Compliance, Lake Mead National Recreation Area, 601 Nevada Way, Boulder City, NV 89005, 
anthony_monatesti@nps.gov; 3National Park Service, Montezuma Castle National Monument, 527 South Main 
Street, Camp Verde, AZ 86322; 4Laboratory “Biodiversity & Ecosystem Dynamics”, Department of Biology, Faculty 
of Science – Semlalia, Cadi Ayyad University, Avenue Prince Moulay Abdellah, P.O. Box 2390, 40000, Marrakech, 
Morocco. znari@ucam.ac.ma

We studied the reproductive ecology of female Sonora mud turtles (Kinosternon sonoriense) at Montezuma Well 
for two years, 2007 and 2008. Montezuma Well is in central Arizona near the northern limit of distribution for the 
species. This unusual natural wetland is characterized by large spring-fed discharges of water at a relatively steady 
temperature (24°C) and extremely high concentrations of dissolved CO

2
 and arsenic, in the form of arsenate. The 

hydrologic characteristics of Montezuma Well create a chemically challenging environment for aquatic organisms. As 
a result, there are no fish and the aquatic invertebrate community is depauperate. K. sonoriense is the only native turtle 
in the area. Female mud turtles at this site mature between 115.5–125 mm carapace length and the proportion that pro-
duced eggs ranged from 23.81–45.65%/yr. Eggs were detected in x-radiographs from 1 May to 28 September, 2007 
and 23 April to 30 July, 2008. The highest proportion of adult females with eggs occurred in July (both years). Clutch 
size ranged from 1–8 with a mean of 4.96 and did not differ significantly between years. Clutch size was only weakly 
correlated with body size and only one female produced more than one clutch per year during the two years of our 
study. X-ray egg width (XREW) ranged from 17.8–21.7 mm (mean 19.4 mm) and varied more among clutches than 
within. Mean x-ray egg width (MXREW) of a clutch did not vary with carapace length of females, although the slope 
of x-ray pelvic aperture width (XRPAW) increased allometrically with the same measure of body size. The hetero-
geneity of the two slopes demonstrates a lack of morphological constraint by the XRPAW on MXREW in this small 
species. In addition, greater variation in clutch size, relative to egg width, provides support for the hypothesis that egg 
size may be optimized in this hydrologically stable but chemically challenging habitat. Nesting and hatchling emer-
gence are coincident with the onset of summer rains, the latter facilitated by embryonic diapause and development 
totaling almost 11 months. The reproductive strategy of this species and its ability to survive elsewhere in ephemeral 
desert streams and tanks, appear to be relatively recent adaptations to the modern desert climate throughout their 
range. The adaptive value of this strategy in the hydrologically stable environment of Montezuma Well is perplexing 
but may be maintained by genetic exchange with nearby populations in less stable habitats. In comparison with other 
studies, females at Montezuma Well exhibited a relatively large size at sexual maturity, small maximum body size, 
and few multiple clutches; a possible result of challenging conditions and associated slow growth rates at Montezuma 
Well. Our data contradict earlier predictions regarding the existence of morphological constraints on egg size in small 
turtles. We conclude that the diversity of architectures exhibited by the turtle pelvis, and the associated lack of cor-
respondence to taxonomic or behavioral groupings, explains much of the variation observed in egg size of turtles and 
whether egg size is constrained or optimized. 

Establishment of a northern leopard frog refuge population in northern Arizona

MACVEAN, SUSAN. R.1, Shaula J. Hedwall2, and Charles A. Drost3

1Arizona Game and Fish Department, Region 2, Flagstaff, AZ 86001, smacvean@azgfd.gov; 2US Fish and Wildlife 
Service, Ecological Services, Flagstaff, Arizona 86001, Shaula_Hedwall@fws.gov; 3USGS - Southwest Biological 
Center, Colorado Plateau Research Station, Flagstaff, AZ 86001, Charles_Drost@usgs.gov

Conservation of native leopard frogs (Rana [=Lithobates] spp.) is a challenge in Arizona. Habitat loss, non-native 
predators, drought and disease are important factors affecting the persistence of these amphibians. Since the 1960s, 
northern leopard frogs (Rana pipiens) have experienced dramatic declines across western North America, including 
Arizona. In 2006 the US Fish and Wildlife Service (USFWS) was petitioned to list the species under the Endangered 
Species Act across its western US range. As a result, USFWS published a positive 90-day finding and initiated a 
12-month status review to determine whether listing is warranted. In 2006, the Arizona Game and Fish Department 
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and the USFWS initiated establishment of a refuge population on House Rock Wildlife Area (HRWA) in northern 
Arizona. The purpose was to conserve local genetic diversity and provide a potential source population for future 
re-establishment efforts. From 2006-2008 we collected embryo masses from a population in southeastern UT, hatched 
and reared embryos to late-stage larvae and released larvae at spring-fed tanks on HRWA. We first detected successful 
breeding in 2008 and since have detected adults, calling males, embryo masses and recently metamorphosed frogs. 
Future plans include continued monitoring of refuge populations, as well as analyses to compare genetic diversity of 
refuge and source populations to determine whether refuge populations merit augmentation. Long-term conservation 
of Rana pipiens in Arizona will require re-establishment projects, habitat improvement measures, control of non-
native aquatic species and disease, and monitoring population performance. 

ArcGIS tools for designing least-cost linkages for multiple focal species

Majka, DAN1

1The Nature Conservancy, Tucson, AZ, dan@corridordesign.com

Least-cost modeling has been employed for more than 10 years to design wildlife linkages using GIS. However, 
application of the technique has mostly been left to GIS geeks and academicians, due to a lack of concrete methodol-
ogy and GIS tools which can be easily understood by less technically-inclined practitioners. Our team of ecologists 
and GIS analysts at Northern Arizona University helped design over 20 wildlife corridors in Arizona and California, 
and used the experience to create CorridorDesigner, a suite of ArcGIS tools for designing least-cost linkages. These 
tools help a user model habitat suitability (resistance), habitat patches, and corridor, and document best practices 
when modeling corridors using least-cost techniques. While the CorridorDesigner toolbox is not perhaps as powerful 
as some graph or resistance theory approaches used for analyzing landscape connectivity, it provides an efficient, flex-
ible, and interpretable method to design corridors between 2 or 3 wildland areas for multiple focal species.

SOCIETAL THOUGHT AND SUSTAINABILITY

MANFREDO, MICHAEL1

1Human Dimensions of Natural Resources, Colorado State University, Fort Collins, CO, michael.manfredo@colos-
tate.edu

How will humans adapt to the widening crises of climate change, resource depletion, overpopulation, starvation and 
disease? These rank among the most critical questions facing global society. Not surprisingly, the very nature of these 
large, encompassing issues have had a profound affect on the direction of our sciences. Reductionistic traditions are 
giving way to broad and inclusive theories of systems that engage multiple factors and multiple disciplines. It is in this 
broad context that we should consider the importance of the patterns of cultural thought among societies and the effect 
these cognitions have on our ability to create response strategies. It useful to consider the slow forming, stable cogni-
tions like values and cultural ideals separately from the quick forming processes that drive day-to-day approach and 
avoidance behavior (e.g., attitudes, beliefs). Two areas of investigation illustrate the importance of examining cultural 
ideals. One shows key differences in the “cultural character” among countries (e.g., while the Chinese are hierarchi-
cal, the Dutch are egalitarian). These differences have implications for the types of policies and strategies that are 
most likely to be effective in creating multinational conservation efforts. Another area of investigation suggests that 
growth in economic well-being is associated with global value shift. The implications are illustrated in research that 
shows shifting wildlife value orientations in the U.S., from domination oriented to mutualistic. This shift is associated 
with the decline in hunting participation in the Western region. Among fast forming cognitions, attitudes are useful 
in understanding the decisions people make. Attitude studies are the certainly the most frequent among studies in the 
area of human dimensions of natural resources. We will need to improve our understanding of attitudes and deci-
sion processes if we are to affect the types of individual behavioral change needed to affect phenomenon like climate 
change. Finally, it will be critical to integrate both slow and fast moving cognitions into the broad context of system 
models (e.g., environmental, mode of economy, technology, demography).



THE SOCIAL-PSYCHOLOGY OF DOMINANT FRAMES: “THRESHOLDS” IN NATURAL RESOURCES 
MANAGEMENT

MATTSON, DAVID 1 
1USGS Southwest Biological Science Center, P.O. Box 5614, Northern Arizona University, Flagstaff, AZ 86011; 
e-mail: David_Mattson@usgs.gov

“Thresholds” is a seminal concept or frame in natural resources management, encompassing problems and dynamics 
arising from multidimensional complex nonlinearities in ecological and human systems. Concepts such as “thresh-
olds” help people to individually and collectively explain the world as a basis for action whether in the domains of 
policy or physical intervention. Concepts are often political because they can shape problem definitions, influence 
policy, and, ultimately, affect who gets what resources, when and where. The entrained value dynamics can be potent 
and multi-scale. The question arises: do current uses of “thresholds” lead people to define problems at specific times 
and places so as to produce actions that (comparatively) maximize odds of producing common interest and dignity-
enhancing outcomes over the long-term. Spoken and written evidence suggests that “thresholds”: can be a compelling 
and informative heuristic; increasingly shapes how evidence is gathered and interpreted; influences who does or does 
not get multiple values (e.g., power, respect, and wealth) at multiple scales; and, because of indeterminacy, stands 
little promise of delivering predictive capabilities, especially at fine temporal and spatial scales. Indeterminacy arises 
from: linguistic and affective ambiguities; vagaries regarding which system responses and drivers are “important”; 
incentives to construe evidence according to personal identifications; filters introduced by what is measured and how; 
strong multi-scale dynamics in virtually all natural and human systems; and our collective inability to imagine novel 
drivers that have often triggered threshold-like responses. These dynamics can work against common-ground-building 
approaches to defining and addressing problems unless coupled with decision-making processes that foster contex-
tuality and self-reflection. Alternatives to current uses of “thresholds” include: organizing activity around a different 
dominant frame; or selectively and adaptively using concepts from a field of candidates. A strong argument could be 
made that any dominant (i.e., intrinsically political) concept will be similarly limited. By contrast, and in keeping with 
adaptive governance, a highly contextual approach to the fielding of concepts seems a priori more likely to yield com-
mon interest and dignity-enhancing outcomes over the long-term.  

We talk about science and traditional knowledge, but are we not really talking 
about human dignity?

MATTSON, DAVID1

1USGS Southwest Biological Science Center, P.O. Box 5614, Northern Arizona University, Flagstaff, AZ 86011; 
e-mail: David_Mattson@usgs.gov

Dignity seems to be a universal human aspiration. Much of peoples’ experiences of dignity are contingent on being afforded 
respect and, in authoritative decision-making, respect is signaled by whether or not people are given standing and voice to 
speak directly for themselves, their interests, and their understandings of how the world works. The myth and paradigm of 
scientific management (as distinct from science-informed management) restricts who can participate in decision-making; in 
other words, who has standing and voice. The myth of scientific management holds that “problems” are objective, technical, 
and biophysical in nature, and that technical experts housed in government agencies are best qualified to discover, define, 
and solve these “problems.” But “problems” are intrinsically subjective, given that problems are discrepancies between 
how the world is and what we want from it. Much of policy development and implementation is political: Whose problem 
definition, serving whose interests will be served? The institutionalized myth of scientific management thus privileges 
the interests of scientists, technical specialists, agencies, and non-agency stakeholders who are expert at invoking science. 
Assuming that most people desire a commonwealth of human dignity, a new paradigm is required. This paradigm would 
dethrone technical experts and the primacy of science and instead focus on the tasks of civilly finding common ground as a 
basis for developing widely shared problem definitions that embody our common interests. Under the rubric of intelligence 
activities, science would be but one source of information needed to solve collectively defined problems; and “good” (that 
is, sufficient) information would be subject to a wider range of standards than is applied by scientists, including: compre-
hensive, relevant, timely, cost-effective, understandable, accessible, and empirically resonant. Most important, if acted upon, 
would the information produce outcomes, both within and as a result of the decision-making process, that enhanced rather 
than degraded the dignity of all who were involved or had a stake? 
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The discourse of incidents: cougars and people on Mt. Elden and in Sabino Canyon

MATTSON, DAVID1, and Susan Clark2

1USGS Southwest Biological Science Center, P.O. Box 5614, Northern Arizona University, Flagstaff, AZ 86011; 
e-mail: David_Mattson@usgs.gov; 2Yale School of Forestry and Environmental Studies, 301 Prospect St., New 
Haven, CT, 06511; e-mail: susan.g.clark@yale.edu

Incidents are relatively short periods of intensified discourse arising from public responses to symbolically impor-
tant actions by public officials. We applied a framework for the analysis of international incidents to recent events in 
Arizona precipitated by the removal or intended removal of cougars by state and federal agencies in response to public 
safety concerns. Our objectives were to elucidate elements of key narratives, alliances of participants, and differences 
in narrative focus between incident and background periods. Cougars were mentioned in newspaper articles 13 to 33 
times more often during incidents compared to background periods. During incidents, discourses focused on describ-
ing problematic human behaviors and advocating related solutions. State wildlife agency commissioners and hunters 
consistently shared a narrative that featured killing cougars to solve problems, making cougars and those who pro-
moted the intrinsic value of cougars culpable, and retaining power to define and solve cougar-related problems. Per-
sonnel from affected state and federal agencies shared a similar narrative. Animal-focused activists and some political 
officials shared a narrative that defined “the problem” primarily in terms of peoples’ behaviors, whether when around 
cougars or, among agency personnel, when formulating and implementing policies. This narrative also advocated 
decentralization of power over cougar management. We concluded that differences in perspectives organized around 
differences in allocations of responsibility and preferences for lethal versus non-lethal methods, which aligned with 
whether participants were enfranchised or disenfranchised by current state-level management power arrangements. 
Common ground was evident in shared concerns about habitat and a preference for solutions that featured education.

NO PARK IS AN ISLAND: MOUNTAIN LIONS ON THE SOUTHERN COLORADO PLATEAU

MATTSON, DAVID J.1, Brandon Holton2, and Terence Arundel3

1U.S. Geological Survey, Southwest Biological Research Station, PO Box 5614, Northern Arizona University, 
Flagstaff, AZ 86001, David_Mattson@usgs.gov; 2National Park Service, Grand Canyon National Park, Science and 
Resource Center, Grand Canyon, AZ 86023, Brandon_Holton@nps.gov; 3U.S. Geological Survey, Southwest Biologi-
cal Research Station, 2255 N. Gemini Dr., Flagstaff, AZ 86001, tra@usgs.gov

The U.S. Geological Survey and National Park Service (NPS) started a collaborative mountain lion research project in 
2002 that has since grown to encompass three National Parks (NPs) and three National Monuments (NMs) in northern 
Arizona and southern Utah. To date, over 40,000 GPS locations have been collected and over 500 kills documented 
from investigations of 50 radiomarked lions. A major motivation for this work was the recognition that mountain lions 
using NPS units were likely to be substantially affected by habitats, prey, and management practices outside NPS 
boundaries. Preliminary results show that nearly all lions using NPS units spent the majority of their time outside NPS 
jurisdictions, even at Grand Canyon and Zion NPs. Lions selected for NPS jurisdictions during times when hunting 
pressure was highest and avoided areas near human facilities year-round. Highway crossings were quite rare, espe-
cially outside of NPS units. Average annual survival rates ranged from 0.63 around Zion and Capitol Reef NPs, to 
0.64 around Flagstaff area NMs, to 0.73 around Grand Canyon NP, which were low relative to the range of survival 
rates thought necessary to sustain mountain lion populations. Thirteen of 15 lion deaths were human-caused and 8 
were by sport hunters. Odds of death were greater for lions that spent proportionately more time outside of NPS units 
on relatively accessible terrain. We found no evidence that NPS units served as a source areas for regional lion popu-
lations. These preliminary results are consistent with our initial hypothesis that mountain lions – a highly valued NPS 
resource – are substantially affected both behaviorally and demographically by conditions outside NPS jurisdictions.      



Roots of cougar-related human behaviors and behavioral intentions

MATTSON, DAVID1, Elizabeth Ruther2

1USGS Southwest Biological Science Center, P.O. Box 5614, Northern Arizona University, Flagstaff, AZ; e-mail: 
David_Mattson@usgs.gov; 23212 N. Park Drive, Flagstaff, AZ; e-mail: elizabeth.ruther@gmail.com

We used a schematic of natureviews and attitudes, developed by Stephen Kellert, to explain orientations toward dif-
ferent cougar-related behaviors and management policies among residents of forested regions in northern Arizona. 
Our objective was to gain insight into causes of West-wide conflict over cougar management. Our data came from 693 
responses to a random survey of households in the study area. Cougars and surrounding issues were most salient to 
comparatively new residents who spent considerable time “in the woods” and who held a more pronounced Scientis-
tic/Ecologistic (S/E) natureview. The Humanistic/Moralistic and S/E natureviews were positively related to support 
of four policies that featured non-lethal approaches to cougar management, although these natureviews were largely 
unrelated to cougar-related behaviors or behavioral intentions (having killed a cougar; having hunted; preferring a 
weapon over non-lethal devises for protection from cougars). Of greatest significance, the Dominionistic/Utilitar-
ian (D/U) natureview had the strongest effect of any variable in all of our models. Those holding more pronounced 
D/U views expressed little support for conserving habitat for cougars or for non-lethal management policies, and 
were much more likely to hunt, have killed a cougar, and carried a weapon for protection. The D/U natureview was 
more pronounced among longer-term, older, rural, male, and less well-educated residents of our study area. Given the 
apparent cohort effect on the D/U natureview and the prospect of continuing mobility and increasing urbanization in 
the West, it is likely that support for non-lethal cougar-related policies and behaviors will increase in our study area.

EVALUATING PRECIPITATION PROJECTIONS FOR THE SOUTHWESTERN UNITED STATES

MCAFEE, STEPHANIE A.1, Joellen L. Russell2

Department of Geosciences, The University of Arizona, Tucson, AZ 85721
1stephanie.mcafee@gmail.com; 2jrussell@email.arizona.edu

As the southwestern United States faces the prospect of worsening drought in the near future, policy makers and 
managers are beginning to include regional climate projections from general circulation models (GCMs) among their 
decision tools. However, GCMs were designed to simulate global climate, so it is important to understand the pros 
and cons of using these tools outside of their design parameters. Here we evaluate the performance of 18 of the Inter-
governmental Panel on Climate Change Fourth Assessment Report GCMs in simulating winter precipitation over the 
southwestern United States, placing that skill in the context of model structure, and demonstrating projection implica-
tions. This assessment suggests that drying projections for the Southwest are robust, but that minor problems related 
to model resolution do introduce uncertainty in the amount and timing of precipitation changes that might be expected 
for this region over the coming decades.

The persistence of native- and cheatgrass-dominated communities in a recently 
invaded ponderosa pine forest

McGlone, Christopher M.1,2, Thomas E. Kolb2, Carolyn H. Sieg3, Peter Z. Fulé1,2, and Jayne Belnap4

1Ecological Restoration Institute, Northern Arizona University, Flagstaff, AZ 86011, Chris.McGlone@nau.edu; 
2School of Forestry, Northern Arizona University, Flagstaff, AZ 86011, Tom.Kolb@nau.edu, Pete.Fule@nau.edu; 
3USFS - Rocky Mountain Research Station, Flagstaff, AZ 86001, csieg@fs.fed.us; 4Canyonlands Research Station, 
Moab, UT 84532, jayne_belnap@usgs.gov

Invasion by nonnative plant species has resulted in long-term changes in plant community composition in many 
ecosystems, often with corresponding alterations in fire regimes, soil properties, and ecosystem processes. Little is 
known, however, about the persistence or transience of a specific invasion event. Furthermore, we cannot reliably 
determine the circumstances under which a native-dominated community will be successfully invaded. In this study 
we tested the persistence of native- and cheatgrass-dominated plant communities in the presence of disturbance and 
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elevated propagule pressure. The Mt. Trumbull ecosystem restoration site was invaded by cheatgrass in 2003. In 2004, 
we initiated study to determine the susceptibility of remnant native-dominated areas to cheatgrass invasion and the 
persistence of the cheatgrass-dominated areas. The study was a 2 x 2 factorial design consisting of a biomass removal 
(clipped), seeded, clipped and seeded treatments and untreated controls. In both communities we clipped all above-
ground biomass from study plots. In the native-dominated plots we sowed cheatgrass seeds. In the cheatgrass-domi-
nated plots we sowed seeds from three common herbaceous species on Mt. Trumbull: bottlebrush squirreltail, silver 
lupine, and western wheatgrass. We were unable to induce shifts in species dominance in either community type. 
In both community types, changes in species dominance were short-lived. By the end of the study, each community 
was dominated by a single grass species; cheatgrass in the cheatgrass community and bottlebrush squirreltail in the 
native community. Plant-available soil N and P were significantly higher in the cheatgrass-dominated communities, 
which may have facilitated persistence of the resident communities. We concluded that community invasibility is not 
determined exclusively by disturbance and seed availability. Additionally, the presence of a single, highly-competitive 
species can make a plant community resistant to shifts in plant community composition.

RECOVERING ENDANGERED FISH IN THE SAN JUAN RIVER USING ADAPTIVE MANAGEMENT

MCKINSTRY, MARK C.1

1Bureau of Reclamation, Office of Adaptive Management, 125 South State Street, Salt Lake City, UT 84138, mmck-
instry@usbr.gov.

The San Juan River Basin is the second largest of the three sub-basins that comprise the Upper Colorado River Basin. 
From its origins in Colorado, the San Juan River flows approximately 350 miles to Lake Powell, intercepted along 
the way by Navajo Reservoir where the water is stored for use in the San Juan and Rio Grande basins and for delivery 
to the lower Colorado River Basin. The San Juan Recovery Implementation Program was begun in 1992 and autho-
rized by Congress in 2000 to protect and recover endangered fishes (Colorado pikeminnow [Ptychocheilus lucius] 
and razorback sucker [Xyrauchen texanus]) while allowing water development to proceed. The SJRIP is a nationally 
recognized effort which has served as a model to address other Endangered Species Act issues throughout the country. 
Aggressive efforts are being implemented through Program Elements and comprehensive plans to: construct fish pas-
sages, fish screens, and propagation facilities; restore and enhance aquatic habitat; improve water use efficiency; stock 
native fish and control competing non-native fish species; and conduct hydrologic evaluations that allow the adoption 
of natural-flow mimicry. Management activities are formulated in an adaptive management framework whereby spe-
cific actions are conducted and subsequently monitored to inform, and modify, future activities. The adaptive man-
agement approach has allowed the SJRIP to make progress towards recovery in the face of uncertainty about various 
aspects of the biology and ecology of these endangered species. Working hypothesis for the SJRIP include predictions 
that the endangered fish can be recovered if certain stocking goals are met and if specific conditions in the river are 
reached, including flows that create and maintain habitat and if nonnative fish are reduced to certain levels. To date the 
Program has been successful at meeting stocking targets, has developed and implemented flow recommendations to 
improve and maintain physical habitat conditions, and has made significant progress towards reducing nonnative fish 
species. While survival of the endangered fish appears to be similar to the survival of these fish in other parts of their 
range, recruitment and retention are not at levels that would maintain. Additional activities are planned in the future 
to try and test new hypothesis about habitat requirements for the species as well as changes in stocking protocols, and 
flow management.

USING CIRCUIT THEORY TO PRIORITIZE HABITATS FOR CONNECTIVITY CONSERVATION

MCRAE, BRAD H.1, Brett G. Dickson2, and Viral B. Shah3.
1The Nature Conservancy, 1917 1st Ave, Seattle, WA 98101, bmcrae@tnc.org; 2Center for Sustainable Environments, 
Northern Arizona University, Flagstaff, AZ 86011, Brett.Dickson@nau.edu; 3University of California Santa Barbara, 
PO Box 14020, Santa Barbara, CA 93107, viral@mayin.org

Circuit theory is an emerging tool for modeling connectivity in the fields of conservation planning, landscape genet-
ics, and movement ecology. Circuit models represent raster landscapes as conductive surfaces, with resistance levels 
corresponding to movement probabilities or costs in different habitat types. Resistance and current calculated across 



the grids can then be related to ecological processes, like individual movement and gene flow, across landscapes. For 
conservation planning, circuit theory is particularly useful in quantifying the conservation value of multiple move-
ment pathways, and identifying “pinch points,” or areas that are critical for connectivity conservation because of a 
lack of redundant pathways. We’ll review basic circuit theory, discuss relationships between circuit and random walk 
theories, and describe software (circuitscape.org) that implements circuit theory for conservation planning, landscape 
genetics, and movement modeling. We’ll provide examples of how circuit models can be used to identify barrier 
effects and parameterize movement models using genetic data, and to prioritize important habitats for connectivity 
conservation.

An integrated landscape model for upland stream-flow recovery and improved 
water security

MERENLENDER, Adina M.1, Mathew Deitch2, Grantham, T. E.3 and Shane Feirer4  

1Environmental Science, Policy, and Management Department, UC Berkeley, Berkeley, CA 94720-3114, adina@
nature.berkeley.edu; 2Center for Ecosystem Management and Restoration 4179 Piedmont Avenue Suite 325 Oakland, 
California 94611, mdeitch@cemar.org; 3Environmental Science, Policy, and Management Department, UC Berkeley, 
Berkeley, CA 94720-3114 tgrantham@nature.berkeley.edu; 4Hopland Research and Extension Center, 4070 Univer-
sity Road, Hopland, CA 95449, stfeirer@ucdavis.edu

The conservation of freshwater ecosystems requires new water-management approaches that integrate both societal 
and ecosystem water-needs. Only through such an integrated approach will we be able to balance allocations of sur-
face waters between consumptive uses and those required to maintain ecosystem functions. We developed a spatially 
explicit analytical tool to quantify and map estimated human and environmental water needs based on land cover and 
modeled daily stream flows. This GIS-based hydrologic model is applied to a mediterranean-climate watershed in 
Sonoma County, California, where we analyze the effects of agricultural water management on environmental flows 
to (i) evaluate the impacts of small storage ponds designed to meet human water demands and reduce dry season 
diversions, (ii) prioritize the placement of storage ponds to meet human water needs while optimizing environmental 
flow benefits, and (iii) examine the environmental and social consequences of flow management policies designed to 
regulate the timing of diversions to protect ecosystem functions. The results of this research demonstrate that these 
tools can be used to evaluate various water-policy scenarios (i.e., changes to bypass flow thresholds), estimate the 
cumulative effects of water extraction methods on the natural hydrograph across a large spatial scale (and including 
temporal variation), and provide information for the watershed-level planning required to recover environmental flows 
for salmonids. Lessons learned from our analyses are applicable to other, highly seasonal systems and those that are 
expected to have increased variability in precipitation rates resulting from climate change.

BAT ACTIVITY INCREASES DURING SUMMER IN PONDEROSA PINE FORESTS IN NORTHERN 
ARIZONA

MERING, ELISABETH D.1, and Carol L. Chambers2 
1Northern Arizona University - School of Forestry, Flagstaff, AZ 86001, liz.mering@gmail.com; 2Northern Arizona 
University - School of Forestry, Flagstaff, AZ 86001, Carol.Chambers@nau.edu

Capture rates of bats on the Colorado Plateau in Arizona are high during summer but decline sharply after August. 
We suspected that some bats hibernated in northern Arizona but that others might migrate to lower elevations or more 
southerly latitudes. We continuously monitored 6 ponderosa pine forest stands using 6 anabat ultrasonic bat detec-
tors for 1 year May 2008 to 2009. Peak activity was in June, July and August with average call rates (and SE) of 
2.14 (0.42), 4.99 (1.25) and 2.96 (0.83) calls/hr, respectively. Moderate activity occurred in May (0.49 ± 0.34) and 
September (0.35 ± 0.09). Very low activity levels were recorded in November, February, and March and no activity 
in December and January. Activity during winter probably indicates that some species of bats hibernate but occasion-
ally exit hibernacula to drink (e.g., big brown bats, Eptesicus fuscus). Additionally, the large changes in rates may also 
indicate that other bats move into the area during the summer. Protecting and providing habitat for bats that require 
hibernacula and those that seasonally use the Colorado Plateau is essential for protecting forest bats.
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Testing recent surficial mammalian bone assemblages as sources of high-quality 
historical community data: A new resource for conservation and management

MILLER, JOSHUA H.1

1The University of Chicago, Committee on Evolutionary Biology, 5734 S Ellis Ave, Chicago, IL 60637, millerjh@
uchicago.edu

Landscape-scale surficial accumulations of large-mammal bones accruing over numerous generations can be excel-
lent sources of high-quality historical community data complementary to modern ecological surveys. Information on 
an animal community’s recent and more distant past is vital for understanding how anthropogenic perturbations have 
contributed to its current population structure. However, particularly for localities where long-term, multi-generational 
studies are unavailable, we must look to other means to acquire the relevant historical data to inform appropriate goals 
for conservation and management. Here I use the well-studied ungulate community of Yellowstone National Park 
(YNP) to test the fidelity with which recent large-mammal bone remains mirror the structure of living populations in 
cold, temperate environments. Forty transects were used to survey the death assemblage of four habitats (grasslands, 
forests, river-margins, and lake-margins). Species representative of all body-size classes and nearly all mammalian 
groups found in YNP were documented in the death assemblage. For ungulates (the group with the largest sample size 
and highest statistical power), the death assemblage accurately reflects the living community; all native ungulates are 
present and comparisons between the living community’s rank-order abundances and their representation in the dead 
remains are strongly positive (Spearman rho ~0.8). In addition, population stability for individual species is reflected 
in proportional abundance comparisons between the living community and the death assemblage: equal proportional 
abundances between the live and the dead reflect stable population, while live-dead offset reflects species with signifi-
cant population change over the last few decades. Examination of carcasses with known dates of death, and radio-
carbon dating of other bones, finds bone survival to be on centennial time-scales. The ecological fidelity of modern 
surficial death assemblages suggests that multigenerational bone assemblages can compliment traditional biological 
surveys and provide historical contexts to better interpret the stability of modern populations and track their changes 
over ecological time.

SYNDROMES OF DRYLAND DEGRADATION AND examples of spatial dependence in 
relation to soil properties and landscape setting

MILLER, MARK E.1

1U.S. Geological Survey, Southwest Biological Science Center, Kanab, UT 84741, Mark_Miller@usgs.gov

Drylands can be characterized by a generalized set of “syndromes” reflecting the most common ways in which biotic 
and abiotic attributes of ecosystems are persistently altered in response to drivers of change such as land use and cli-
mate. Biotic and abiotic syndromes often overlap and interact with one another as a consequence of feedback mecha-
nisms, and degraded alternative states described in state-and-transition models typically are characterized by multiple 
syndromes. Biotic syndromes reflect persistent changes in the relative abundance and distribution of key biotic func-
tional groups. Common examples on the Colorado Plateau include (1) the substantial loss of well-developed biologi-
cal soil crusts from ecosystems where they are dominant or co-dominant functional components, (2) the presence of 
functionally significant invasive species, (3) structural / functional dominance by invasive species (typically exotic 
annual plants), (4) substantial increase in the relative abundance of long-lived woody plants relative to perennial 
grasses and other herbaceous plants, and (5) an overall decline in biotic diversity. Abiotic syndromes reflect persistent 
changes in soil resource regimes and/or disturbance regimes. Common examples on the Colorado Plateau include 
(1) hydrologic impairment, (2), within-site soil redistribution and coppicing, (3) soil deflation, (4) soil truncation, (5) 
resource enrichment, and (6) fire regime alteration. Colorado Plateau case studies are used to illustrate the dependence 
of selected syndromes on soil and landscape attributes that affect ecosystem resistance and resilience to processes 
associated with these syndromes. Close relationships of many syndromes with particular soil properties emphasize a 
need for greater integration of soil science in conservation management of dryland ecosystems, as well as a need for 
soil maps that more accurately describe spatial variability in ecologically significant soil properties. 



THE RELATIONSHIP BETWEEN STREAMFLOW AND AQUATIC INSECT COMMUNITIES IN SMALL, 
UNREGULATED COLORADO PLATEAU STREAMS

MOLINE, ANGELA B.1, N. LeRoy Poff2 and David Theobald3

1School of Earth Sciences and Environmental Sustainability, Northern Arizona University, Flagstaff, AZ 86011 
angela.moline@nau.edu; 2Department of Biology and Graduate Degree Program in Ecology, Colorado State Univer-
sity, Fort Collins, CO 80523 poff@lamar.colostate.edu; 3Department of Human Dimensions of Natural Resources and 
Natural Resource Ecology Lab, Colorado State University, Fort Collins, CO 80523 davet@warnercnr.colostate.edu 

The Colorado Plateau is one of the least studied regions in the United States from the perspective of stream ecology. 
The small, unregulated streams of the plateau are characterized by seasonal snowmelt floods, tremendous monsoon 
floods, and long periods of drought. Any one of these disturbances could kill the entire aquatic insect community, 
yet aquatic insects have coped with these disturbances for millennia. To advance our understanding of this region, 
we developed a stream habitat typology based on flow permanence (perennial vs. non-perennial streams) and flood 
timing (snowmelt-driven vs. monsoon-driven floods). Our goal was to assign all unregulated streams on the Colorado 
Plateau to one of 4 classes using streamflow data and GIS-derived watershed variables, which we did with 85% accu-
racy. Further, we wanted to relate the aquatic insect community to the stream typology. We used six evolutionarily-
labile insect functional traits to test differences in the insect communities among the four stream classes. We found 
that the perennial and non-perennial streams were difficult to differentiate with aquatic insect data, but the snowmelt-
driven and monsoon-driven streams had different indicator taxa. Overall, disturbance-adapted insects were common 
at all Colorado Plateau stream sites, but some insect traits (semi/univoltine, rare in drift, medium/large size) were 
more common in snowmelt-driven streams than monsoon-driven streams. This result suggests that Colorado Plateau 
streams may need to be managed according to their flow regimes.

A Collaborative Inventory of Springs in the Grand Canyon Region

MONROE, STEPHEN1, Christine Albano2, Kate Watters3, Steve Rice4, Dustin Burger5

1National Park Service, Southern Colorado Plateau Inventory and Monitoring Network, Flagstaff, AZ 86011 Stephen_
Monroe@nps.gov; 2Grand Canyon Trust, Flagstaff, AZ 86001 calbano@grandcanyontrust.org; 3Grand Canyon Trust, 
Flagstaff, AZ 86001 kwatters@grandcanyontrust.org; 4National Park Service, Grand Canyon National Park, Flag-
staff, AZ 86001 Stephen_E_Rice@nps.gov; 5U.S. Forest Service, North Kaibab Ranger District, Fredonia, AZ 86022 
dburger@fs.fed.us

Spring ecosystems provide functional habitat to a diverse array of species and can be sensitive to the effects of human 
activities at multiple scales ranging from local groundwater diversion to global climate change. Numerous springs 
exist in the Grand Canyon region, but little is known about many of these, as they occur in remote areas and require 
significant amounts of time and energy to access. In recognition of the biological significance of springs in the Grand 
Canyon region, Grand Canyon Trust, Grand Canyon National Park, the NPS Southern Colorado Plateau Inventory 
and Monitoring Program, and the National Forest Service have joined together to bring their collective resources 
toward inventorying these important ecosystems. This program is intended to 1) document baseline conditions at a 
large number of springs using inventory methods that are consistent across multiple land management jurisdictions, 2) 
increase knowledge of springs in the Grand Canyon region to support implementation of effective resource manage-
ment practices and to guide restoration efforts, 3) build a large constituency of trained volunteers to assist in springs 
inventories, and 4) bring together volunteers, regional experts, and representatives of multiple government entities 
in an effort to update and broaden knowledge of these important ecosystems. In 2009 we coordinated inventories of 
springs in Grand Canyon National Park, on the North Kaibab Ranger District, and on adjacent privately owned lands. 
More than 30 springs were inventoried using a comprehensive set of methods developed by numerous scientists that 
include physical characterizations of each spring and collection of biological and hydrologic data. Data collected 
through these efforts will be entered into a shared database, accessible to the agencies, organizations, and the public. 
This is a long-term program, broadening in the future to include more volunteers, more springs, springs on additional 
land management units, and repeat visits to springs.
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LIVESTOCK GRAZING FOLLOWING WILDFIRE: UNDERSTORY COMMUNITY RESPONSE IN AN 
UPLAND PONDEROSA PINE FOREST

MORK, LAUREN A.1, Thomas D. Sisk1, Ethan N. Aumack2, John M. Heyneman2 
1Center for Sustainable Environments, Northern Arizona University, Flagstaff, AZ 86001, Lauren.Mork@nau.edu, 
Thomas.Sisk@nau.edu; 2Grand Canyon Trust, Flagstaff, AZ, 86001, eaumack@grandcanyonturst.org, jheyneman@
grandcanyontrust.org

We examined the hypotheses that 1) livestock grazing following wildfire alters relative plant species abundance and 2) 
increases incidence of the invasive exotic Bromus tectorum in a ponderosa pine understory community. Controversy 
and contradictory evidence characterize the scientific debate over the consequences of livestock grazing in vegetative 
communities following fire. Meanwhile, wildfire in the West is increasing in frequency and severity, changing the 
ecological context in which grazing occurs. Although disturbance is known to regulate plant community organization, 
the effects of interactions between fire and ungulate herbivory remain poorly understood. To our knowledge, no prior 
experiment has addressed the interaction of livestock grazing and fire on ponderosa pine understory communities 
in the Southwest. We conducted a replicated grazing enclosure experiment within an extensive wildfire burn on the 
Kaibab Plateau north of Grand Canyon, AZ. Preliminary results suggest that changes in relative species abundance 
are slight, but that B. tectorum occurrence is higher, even after only one year of experimental grazing. However, B. 
tectorum appears to have increased across the study area, and numerous possible drivers, including livestock grazing, 
are under consideration. Results from this experiment will inform management decisions regarding livestock grazing 
after fire in upland ponderosa pine forests. 

SPATIAL DISTRIBUTION OF E. COLI AND ENVIRONMENTAL FACTORS INFLUENCING ITS 
ABUNDANCE IN A FRESHWATER DESERT BEACH RECREATIONAL AREA

MURCHIE, ERIN1, Scott McNaught2, Jesse Granet3, and Mark Anderson4

1National Park Service, Glen Canyon National Recreation Area, Page, AZ 86040; erin_murchie@nps.gov; 2Central 
Michigan University, Mount Pleasant, MI 48859; mcnau1as@cmich.edu; 3United States Army Corps of Engineers, 
Kansas City, MO 64016; jesse.j.granet@usace.army.mil; 4National Park Service, Glen Canyon National Recreation 
Area, Page, AZ 86040; mark_anderson@nps.gov 

E. coli indicates the presence of pathogenic bacteria, such as those that cause typhoid, dysentery, hepatitis, and chol-
era. Monitoring for high levels of E. coli helps prevent human illnesses by providing managers with information to 
take action to minimize human contact with areas that have elevated levels of E. coli. Recreational waters and beaches 
are susceptible to fecal contamination from agricultural run-off, wildlife, and recreational users. While previous stud-
ies have been conducted on estuarine, marine, and temperate freshwater sediment, no known studies of this type have 
been conducted on freshwater desert environments. We examined the spatial distribution of E. coli, environmental 
factors and beach use conditions that favor E. coli abundance in the beach sand of Lake Powell, Glen Canyon National 
Recreation Area. Rewetting experiments were conducted to determine how E. coli responds to changing soil moisture 
conditions. Results from this study showed 1) a positive relationship between beach usage and E. coli abundance, 2) 
an inconsistent pattern in the relationship between E. coli abundance and distance from the swash zone and depth in 
sediment column, and 3) a decrease in E. coli abundance as re-wetting frequency decreases and a cyclical pattern of 
E. coli abundance closely following that of changing moisture conditions. The results of this study implicate diversity 
within the E. coli species and strengthen the need for continuous monitoring and further development of monitoring 
techniques to ensure public safety at recreational areas.



AXEHANDLE ALCOVE: A WELL-STRATIFIED RECORD OF HOLOCENE HUMAN OCCUPATION AND 
COLORADO RIVER FLOODING

NEFF, TED1, Kirk Anderson2, and Kristin Brown3

1Museum of Northern Arizona, Flagstaff, AZ, 86001, TNeff@mna.mus.az.us
Kirk Anderson (MNA and NAU) et al.; 2Northern Arizona University and Museum of Northern Arizona, Flagstaff, 
Arizona, 86011, Kirk.Anderson@nau.edu; 3Museum of Northern Arizona and Northern Arizona University, Geogra-
phy Department, Flagstaff Arizona, 86001, kmb282@nau.edu

The Axehandle Alcove site consists of hearth and pit features, as well as associated cultural strata exposed in a terrace 
adjacent to the Colorado River in the Lees Ferry area. The site area is semi-sheltered and is situated under a high-ceil-
inged alcove of Kaibab Limestone and Toroweep Sandstone. Arroyo cutting and drip-line erosion have exposed a five-
meter high section of terrace stratigraphy in the site area. The exposure reveals alternating fluvial and colluvial strata 
in its upper reaches trending to solely fluvial strata towards the bottom. Cultural features and strata are interspersed 
throughout the fluvial/colluvial strata in the upper three meters of the section. Previous research has produced a 
measured schematic representation of the site’s stratigraphy and radiocarbon dates of cultural features and strata. Our 
analysis of these dates identified three phases of occupation beginning at approximately 2500 B.C. and ending at 100 
B.C. (Late Archaic Period through the Late Archaic/Early Agricultural Period). The Museum of Northern Arizona/
Grand Canyon National Park River Corridor Project revisited the alcove in the Fall of 2008 and conducted archaeo-
logical excavations coupled with extensive and thorough stratigraphic documentation. In this talk we present results of 
this work from the chronostratigraphic perspective. Utilizing detailed measured profiles of arroyo cut exposures and 
excavation units, 10 Accelerator Mass Spectrometry (AMS) radiocarbon dates on cultural features, and three Opti-
cally Stimulated Luminescence (OSL) dates on fluvial strata, we present a refined and extended chronostratigraphy of 
the Axehandle Alcove site.

CLIMATE IMPACTS ON THE COLORADO PLATEAU: (I) A NESTED SCALE EXPERIMENT 

NEILSON, RONALD P.1, Stephen G. Pitts2, Brendan Rogers2, Maureen McGlinchy2, James M. Lenihan1, Raymond 
J. Drapek1, and John Wells2

1USDA-FS – Pacific Northwest Research Station, Corvallis, Oregon 97331, rneilson@fs.fed.us, jlenihan@fs.fed.us, 
rdrapek@fs.fed.us; 2Oregon State University, Corvallis, Oregon 97331, pittsg@onid.orst.edu, rogerbre@onid.orst.edu, 
mcglincm@onid.orst.edu, John.R.Wells@oregonstate.edu

Forecasting the potential impacts of climate change on terrestrial ecosystems is of critical importance, but for vary-
ing reasons depending on the scale of interest. Global to continental-scale vegetation change and carbon balance 
could enhance or diminish climate change. However, at landscape to regional scales ecosystem health and function 
(services) are susceptible to catastrophic forest dieback, species re-distribution and floods or droughts. However, 
global simulations of both climate and ecosystems must be done at coarse grid resolutions; while, smaller domains 
require higher resolution for the simulation of natural resource processes at the landscape scale and that of on-the-
ground management practices. Stakeholders range for the United Nations Framework Convention on Climate Change 
(UNFCCC) to Federal, State, Local and Private Landowners with multiple, diverse and sometimes conflicting goals. 
Via a combined multi-agency and private conservation effort we are beginning a process to bring all the stakeholders 
into a consistent framework of historical context and potential future scenarios through a Nested Scale Experiment 
(NeScE). NeScE ranges from global to landscape and from 1900 to the present using observed, gridded monthly cli-
mate data and to 2100 using 9 future climate scenarios (3 GCMs X 3 SRES Emissions Scenarios). The Himalayas and 
the Rocky Mountains are the two most dominant mountain features controlling global jetstreams and stormtracks. The 
Colorado Plateau is central to these large-scale atmospheric features and will integrate all the expected macro-scale 
changes, including wetter winters to the north and drier subtropics to the south, but likely with an enhanced Monsoon 
circulation. These macro-scale complexities will play out in very complex micro-scale patterns and processes. We 
present NeScE as an open-investigator framework for assessing the potential risks, surprises and uncertainties that 
should manifest in this vastly complex and fractal terrain.
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RESTORING RIVERS AND BUILDING A RESTORATION WORKFORCE: A USDI NATIONAL PARK 
SERVICE, ECOLOGICAL MONITORING AND ASSESSMENT PROGRAM, AND WORKING FOR RIVERS 
PARTNERSHIP 

NEWELL, SHAWN1, Mike Boyle2, Karan English1, Jamie Nielsen2, Tillie Walton2, Patty West1

1Ecological Monitoring & Assessment Program & Foundation (NAU), Box 5845, Flagstaff, AZ 86011-5845, Shawn.
Newell@nau.edu, Karan.English@nau.edu, Patty.West@nau.edu; 2Working for Rivers, 809 W. Riordan Rd., Suite 
100-306, Flagstaff, AZ 86001, www.workingforrivers.com, mboyle@workingforrivers.com, jnielsen@workingforriv-
ers.com, twalton@workingforrivers.com

Northern Arizona University (NAU) Ecological Monitoring & Assessment (EMA) and Working for Rivers (WfR) 
are assembling a highly qualified team to train college-age youth and minority youth for work in river restoration 
and other natural resource fields. Over a 5 year period, we will develop a hands-on restoration training workshop 
to build workforce capacity nationwide, while completing on-the-ground restoration in the nation’s National Parks. 
Over the five year period we will train up to 450 ready-to-work youth for river restoration, create a replicable model 
for training conservation and youth corps workforce, deliver multiple 5-day workshops across the Intermountain and 
Pacific West regions, and increase environmental awareness and a sense of stewardship for natural resources. The 
workshop is aimed at university students, youth corps members, and minority youth between 18 and 25 years of age. 
The workshop will be available for credit through NAU. Workshops will be designed to help develop vocational skills 
that can lead to meaningful employment and increased awareness and interest in environmental employment oppor-
tunities. This trained workforce will be able to feed into NPS projects as well as youth conservation corps across the 
United States. This project is funded through the National Park Service “Service and Conservation Corps Program. 
The project team will include partners from the National Park Service, the Youth Service Corps, and various regional 
restoration professionals

LOOKING UP: A NATIVE AMERICAN ARCHAEOLOGIST’S PERSPECTIVE ON ARCHAEOLOGY IN THE 
GRAND CANYON

NEZ, JASON1

1Museum of Northern Arizona, 3101 N. Fort Valley Rd., Flagstaff, AZ 86001, Jason.Nez@nau.edu

Jason Nez has worked with the Museum of Northern Arizona/Grand Canyon National Park River Corridor Archaeo-
logical Project for the past four years. He has made numerous trips, on foot and by boat, to visit, record, and excavate 
some of the unique archaeological sites within the Grand Canyon. His job as an archaeologist is a rare career path for 
southwestern Native Americans. He will discuss both his relationship as a Navajo and his experiences as an archae-
ologist in relation to the Grand Canyon, and why he has chosen this career path.

TRANSITION TO COLLABORATION: AGENCY PERSPECTIVES OF COLLABORATIVE FOREST 
RESTORATION EFFORTS ON THE KAIBAB NATIONAL FOREST

NIELSEN, ERIK A.1, Thomas D. Sisk1, Jill M. Rundall1, Steven E. Sesnie1, and Brett G. Dickson1

1Northern Arizona University, School of Earth Sciences and Environmental Sustainability, Center for Sustainable 
Environments, Flagstaff, AZ 86011, Erik.Nielsen@nau.edu, Thomas.Sisk@nau.edu, Jill.Rundall@nau.edu, Steven.
Sesnie@nau.edu, Brett.Dickson@nau.edu

Forest restoration in the western US has been hindered by the conflict, controversy and uncertainty that characterize 
much public land planning and management. Collaborative approaches have emerged as alternatives to traditional 
rational-comprehensive planning. These approaches explicitly acknowledge and value different perspectives on the 
“correct” future condition and uses of public lands, the uncertainty of management approaches, and assessments of 
natural disturbances and trends. Collaboration may now be considered a mandate for how federal agencies plan for 
and manage public lands and it poses many challenges for institutions and personnel. Many organizational barriers 



such as budgeting, planning frameworks and regulations, and “trained incapacities” will affect how a transition to 
more collaborative approaches will occur within the USFS. While the factors contributing to successful collaborative 
efforts are well known, little research has focused on the perspectives of agency personnel involved in collaborative 
restoration efforts. This mixed method research compares USFS and other stakeholder perceptions of the Kaibab For-
est Health Focus, a pre-NEPA collaborative process led by ForestERA and modeled on previous scientifically-based 
efforts to engage stakeholders in dialogue and analysis of landscape level forest restoration. Agency and stakeholder 
participants are compared in terms of perceived progress on three dimensions of collaborative learning-- substance, 
relationships and process. We also explore agency personnel perspectives on the costs and benefits of engaging in 
these types of pre-NEPA collaboration and opportunities for the future. Implications for collaborative forest restora-
tion efforts and USFS policies are discussed.

PREDICTING AND MONITORING TRAFFIC INDUCED VERTEBRATE MORTALITY NEAR WETLANDS

NOGLE, JAMIE M.1, J. Andrew DeWoody2

1Purdue University, West Lafayette, IN 47907 (griggsj@purdue.edu); 2Purdue University, West Lafayette, IN 47907 
(dewoody@purdue.edu)

Animals move throughout the landscape for many reasons, including foraging, mating forays, predator avoidance, and 
juvenile dispersal. Many studies have shown that roads can disrupt animal movement patterns and often results in their 
death via direct and indirect mortality. Although roads only account for approximately 1% of the total land base of the 
United States, the ecological impacts from these roads are estimated to affect 20% of the land. However, these impacts 
are not randomly distributed in space. By examining roadway characteristics that covary with vertebrate mortality, we 
will provide data necessary to reduce the number of animals killed on the roadway, design more ecologically-friendly 
road systems, and potentially decrease human injury and monetary loss caused by human-wildlife collisions. Our data 
(>9000 carcasses) from a total of 12 sites in Indiana indicate that amphibian roadkill is consistently elevated at wet-
land sites. We are developing a predictive GIS model which will be used to better understand the factors that elevate 
road mortality at wetland sites. This is especially important with regard to amphibians, which are currently experi-
encing dramatic global declines, because the potential impacts roads have on the occupants of endangered wetland 
habitats. Since wetland conservation and herp declines are a global problem, the results of this study have important 
implications for conservation efforts worldwide.

EFFECTIVENESS OF SHRUB SEEDING AND HERBICIDE APPLICATION IN RESTORING 
CHEATGRASS-INVADED BURNED AREAS

OWEN, SUZANNE M.1, Carolyn Hull Sieg2, Catherine Gehring1

1Department of Biological Sciences, Northern Arizona University, Flagstaff, AZ USA 86011 (smn25@nau.edu & 
Catherine.Gehring@nau.edu); 2USDA Forest Service Rocky Mountain Research Station, 2500 S. Pine Knoll Drive, 
Flagstaff, AZ USA (csieg@fs.fed.us)

In 1996 the Bridger-Knoll fire complex on the north Kaibab Plateau burned through critical mule deer (Odocoileus 
hemionus) winter range and a majority of this area is now invaded by the exotic annual grass, cheatgrass (Bromus 
tectorum). We set up a field experiment to test the effectiveness of applications of Imazapic PLATEAU® herbicide 
to control cheatgrass and seeding to restore native shrubs. The shrubs included Wyoming big sagebrush (Artemisia 
tridentata) and cliffrose (Purshia mexicana). We also set up experiments at the Rocky Mountain Research Station 
greenhouse to test the effects of PLATEAU® on the seeded shrub species (also including saltbush (Atriplex cane-
scens) because it was seeded on a larger scale) and cheatgrass at different growth stages. Preliminary results from the 
greenhouse experiments suggest that PLATEAU is effective at killing cheatgrass (98% or greater mortality) regard-
less of growth stage, but may reduce native shrub germination by up 90%. Established native shrub seedlings are less 
sensitive to the herbicide. Post-treatment data from the field experiment will be collected in 2008 and 2009, and will 
provide insights into the effectiveness of herbicide treatments and shrub seeding in restoring mule deer winter range. 
Given the vast acreages of cheatgrass infestations across the Intermountain west, studies quantifying the effectiveness 
and unintended consequences of potential control measures are critical for developing management strategies.
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BLM and US Forest Service policies and efforts to increase the availability native 
plant materials: Improving our abilities to successfully restore ecosystems on 
the Colorado Plateau

Padgett, Wayne G. 1, Scott Lambert2, and Peggy Olwell3

1Colorado Plateau Native Plant Initiative Coordinator, BLM–Utah State Office, Salt Lake City, UT 84101; wayne_
padgett@blm.gov; 2National Native Seed Coordinator, BLM–Idaho State Office, Boise, ID 83709; scott_lambert@
blm.gov; 3National Native Plant Materials Program Lead, BLM–National Office, Washington, DC 20036; peggy_
olwell@blm.gov

The Bureau of Land Management (BLM) and the U.S. Forest Service (USFS) have developed national direction for 
the use of native, as well as non-native plant materials in restoration efforts. The USFS has policy in place for the 
selection, use, and storage of native plant materials used in these efforts on National Forest System lands. The BLM 
has developed direction for establishing priorities, designing treatments, and identifying sources of native plant mate-
rials for restoration purposes. The availability of native seed has been limited and it is clear that efforts are needed to 
increase the available supply of native plant materials for future uses. The Colorado Plateau Native Plant Initiative 
is a newly-created interagency program established to assist with the availability and use of native plant materials 
in restoration efforts on the Colorado Plateau. Our goals include: 1) increasing the awareness of the importance of 
ecosystem restoration; 2) enhancing knowledge and skills associated with the use of native plant materials for restora-
tion purposes; 3) identifying potential knowledge gaps and contributing to efforts to fill those gaps; and 4) providing 
recommendations for achieving restoration goals. With partners, we hope to develop and test new methods that will 
ensure successful establishment and persistence of native plant communities. 

WHERE SHOULD WE PLACE THE NORTHERN BOUNDARY OF THE SOUTHWESTERN WILLOW 
FLYCACTHER?

Paxton, EBEN1, Mark K. Sogge2, Tad C. Theimer3, Paul Keim3

1USGS Southwest Biological Science Center, Flagstaff, Arizona, and Department of Biological Sciences, Northern 
Arizona University, Flagstaff, Arizona, eben.paxton@nau.edu; 2USGS Western Region, Seattle, Washington, mark_
sogge@usgs.gov; 3Department of Biological Science, Northern Arizona University, Flagstaff Arizona, Tad.Theimer@
nau.edu, Paul.Keim@nau.edu

The northern boundary of the endangered southwestern willow flycatcher (Empidonax traillii extimus) is located 
approximately in southern Colorado and Utah, but a more precise estimate of the location is of value for legal and 
management requirements. To help better define the location of the boundary, we evaluated the geographic distribu-
tion of molecular genetic markers sampled from 25 breeding sites across Arizona, Colorado, New Mexico, and Utah. 
We found breeding sites clustered into two major groups, generally consistent with the current boundary; however, 
delineating a precise boundary between the two subspecies proved difficult because 1) we found evidence for a region 
of intergradation across the boundary area, implying the boundary is not a discreet line, and 2) the boundary region 
is sparsely populated, with few extant breeding populations to help fix a boundary. We overcame these difficulties 
by modeling the geographic distribution of genetic markers as a function of latitude and elevation. The model was 
brought into a GIS environment to create multiple candidate boundaries, with the strength of each candidate boundary 
evaluated on the basis of how much genetic variation it separated. 



Beetle Diversity of three management zones in Salt Creek Canyon, Canyonlands 
National Park, UT

Pech, Louis L.1 and Tim B. Graham2. 
1Department of Biological Sciences, University of Wisconsin-Marathon County, 518 South 7th Avenue, Wausau, WI 
54401, lou.pech@uwc.edu2Canyonlands Research Station, Southwest Biological Science Center, USGS, 2290 West 
Resource Blvd, Moab, Utah 84532, tim_graham@usgs.gov

Salt Creek Canyon in Canyonlands National Park (CANY) is one of few perennial or semi-perennial riparian environ-
ments in CANY. Historically, Salt Creek has been used as a road by off-road vehicles. Portions of the canyon have 
been closed recently, thus dividing Salt Creek Canyon into three management zones: an upper No Road (NR) section, 
where vehicle use ended in 1964, a middle Closed Road (CL) section, where vehicle use ended in 1998, and a lower 
Road Open (RO) section, where vehicle use continues. Here we present a description of beetle diversity in Salt Creek 
Canyon. Beetles were collected each June from 2000-2007 at four sites designated RO3, CL1, CL10 and NR2. 8459 
individuals from 34 families and 119 morphospecies were collected. α-diversity was 75.5 + 2.7 and β-diversity was 
0.58. Bootstrap and Jackknife estimators indicate that there is likely to be 130 to 144 species present. 29% of species 
were very rare, represented by only one or two specimens. Species turnover was high, with 84% of species entering 
and/or leaving our collection over the study period. Only 19 species were collected in each year of the study. Even-
ness of the assemblage was very low, indicating heavy dominance by a few species. Ordination using non-metric 
multidimensional scaling (NMS) indicates that sites RO3 and NR2 support distinct assemblages and sites RO3, CL1 
and CL10 support assemblages that overlap somewhat, yet are resolved along one NMS axis. NMS of ground-active 
beetles (sampled with pitfall traps) and frequent-flyer beetles (sampled with flight-interception traps) indicate that 
different trapping sites support distinct, yet overlapping, ground-active and frequent-flyer assemblages. NMS also 
revealed substantial inter-annual variation in assemblages at each site, with NR2 supporting the most stable assem-
blage. These results indicate that the three management zones, RO, CL, and NR, support fairly distinct and dynamic 
beetle assemblages.  

Five years of success and challenges in implementing linkage designs in southern 
California

Penrod, Kristeen1

1Conservation Director, SC Wildlands, Kristeen@scwildlands.org

The South Coast Missing Linkages Project (SCML) developed conservation designs for landscape linkages that are 
considered the backbone of a regional conservation strategy for southern California. Our extensive network of cooper-
ating agencies is facilitating implementation of the South Coast Wildland Network through integration into Resource 
Management Plans (RMP), Natural Community Conservation Plans (NCCP), General Plans, and other avenues. The 
four southern California Forests (Los Padres, Angeles, San Bernardino, and Cleveland) RMPs identified connecting 
the four forests to the existing network of protected lands as one of the key strategies for protecting biodiversity on the 
forests. SCML also complements the NCCP process with linkages addressed by the Western Riverside Multiple Spe-
cies Conservation Plan (MSCP), Coachella Valley MSCP, and the North and East San Diego County MSCPs. Ventura 
County contacted us to assist them with developing a habitat connectivity overlay zone and associated ordinances. 
Similarly, we’ve been working with Los Angeles County to incorporate the Linkage Designs into their Significant 
Ecological Areas overlay zone. 

We have also developed a password protected web-based system that allows users to view and query parcel-level data, 
and create and print custom maps in the priority linkage areas, providing a tool for agencies and organizations to coor-
dinate with one another more effectively to strategically plan their conservation targets in the South Coast Wildland 
Network. We held a series of linkage implementation workshops that engaged numerous agencies and organizations 
that acquire, regulate or influence wildlife habitat protection in the SCML region. We believe that as a result of these 
meetings, and in conjunction with the SCML Decision Support System that there will be a considerable increase in 
multi-sector coordinated land acquisitions for conservation, which could ultimately influence policy decisions, help 
integrate the linkage designs into existing planning efforts, and implement a protected wildlands network in southern 
California.
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COMPARING LANDSCAPE NETWORKS AT THE ECOREGION SCALE: CAN WE EXPECT CORRIDOR 
“UMBRELLAS”?

PERKL, RYAN M.1, and Robert F. Baldwin2 

1Department of Planning and Landscape Architecture, 168A Lee Hall, Clemson University, Clemson, SC 29631, 
rperkl@clemson.edu; 2Department of Forestry and Natural Resources, 222 Lehotsky Hall, Clemson University, Clem-
son, SC 29631, baldwi6@clemson.edu

Planners and researchers alike are faced with a multitude of potential choices when attempting to enhance connectiv-
ity at the ecoregion scale. A simplifying assumption is often that coarse-scale corridors may provide overlapping or 
“umbrella” effects. To examine this assumption, we assessed the differences in connectivity outputs among a series 
of equally valid conservation scenarios. Three landscape connectivity scenarios were developed for the Northern 
Appalachian/Acadian Ecoregion (330,000 km2) using an ecoregional human footprint (90m resolution). The scenarios 
included landscape networks using GAP 1 Protected Areas (N=95), Last of the Wild areas (HF<10; N=120), and focal 
species marten (Martes americana) source habitat patches (N=105) as sets of reserve nodes. The resulting landscape 
networks were made up of 4, 3, and 2 subgraphs respectively. This indicated to varying degrees that while local con-
nectivity was potentially present, widespread ecoregional connectivity was less likely. A gap analysis that overlaid 
landscape network patches and corridors for each scenario indicated that < 1% of the patch areas for all 3 scenarios 
was spatially coincident, 19% was coincident over 2 scenarios, while the majority of patch area (80%) was non-
redundant. Additionally, < 2% of the corridor area for all 3 scenarios was spatially coincident, 24% was coincident 
over 2 scenarios, while the majority of corridor area (73%) was non-redundant. These results indicate that selecting 
“what” to connect at the ecoregion scale may have significant implications for selected corridors. As there is so little 
area in common, there is no reason to assume that habitat metrics within these corridors would be equivalent. Finally, 
it is unlikely that connecting any one set of habitat patch surrogates, such as protected lands or focal species source 
patches, will serve as corridor umbrellas for focal species and vice versa.

CLIMATE IMPACTS ON THE COLORADO PLATEAU: (II) COMPLEXITIES EMERGE THROUGH HIGH 
RESOLUTION SIMULATIONS

PITTS, STEPHEN G.2, Ronald P. Neilson1, Brendan Rogers2, Maureen McGlinchy2, James M. Lenihan1, Raymond J. 
Drapek1, and John Wells2

1USDA-FS – Pacific Northwest Research Station, Corvallis, Oregon 97331, rneilson@fs.fed.us, jlenihan@fs.fed.us, 
rdrapek@fs.fed.us; 2Oregon State University, Corvallis, Oregon 97331, pittsg@onid.orst.edu, rogerbre@onid.orst.edu, 
mcglincm@onid.orst.edu, John.R.Wells@oregonstate.edu

Global to continental-scale vegetation change and carbon balance could enhance or diminish climate change. How-
ever, at landscape to regional scales ecosystem health and function (services) are susceptible to catastrophic forest die-
back, species re-distribution and floods or droughts. Yet, global simulations of both climate and ecosystems must be 
done at coarse grid resolutions; while, smaller domains require higher resolution for the simulation of natural resource 
processes at the landscape scale and that of on-the-ground management practices. Stakeholders range for the United 
Nations Framework Convention on Climate Change (UNFCCC) to Federal, State, Local and Private Landowners with 
multiple, diverse and sometimes conflicting goals. Via a combined multi-agency and private conservation effort we 
are beginning a process to bring all the stakeholders into a consistent framework of historical context and potential 
future scenarios through a Nested Scale Experiment (NeScE). NeScE ranges from global to landscape and from 1900 
to the present using observed, gridded monthly climate data and to 2100 using 9 future climate scenarios (3 GCMs X 
3 SRES Emissions Scenarios). The Colorado Plateau is central to large-scale atmospheric features, controlling global 
jetstreams and stormtracks, and will integrate all the expected macro-scale changes, including wetter winters to the 
north and drier subtropics to the south, but likely with an enhanced Monsoon circulation. These macro-scale com-
plexities will play out in very complex micro-scale patterns and processes. Previous assessments of this domain were 
at ca. 50 km resolution. We present recently updated 8km and 800m resolution simulations, showing the nuances and 
uncertainties revealed by higher resolution simulations. Vegetation distribution, carbon balance, runoff, drought and 
fire changes will be compared across scales. Can we reduce or more accurately characterize uncertainties in projec-
tions of future Natural Resource dynamics.



PRELIMINARY RESULTS OF A SYSTEMATIC REVIEW OF WET MEADOW RESTORATION

RAMSTEAD, KARISSA M.1, and James A. Allen1

1Northern Arizona University, School of Forestry, Flagstaff, AZ 86011, kmr258@nau.edu, James.Allen@nau.edu

Using the guidelines developed by the Centre for Evidence-Based Conservation, we have initiated a systematic review 
of wet meadow ecosystems that occur in southwestern ponderosa-pine and mixed-conifer ecosystems, with an empha-
sis on northern Arizona and the Colorado Plateau. The central question being addressed is: Have wet meadow restora-
tion projects undertaken to date been effective in restoring hydrology, site geomorphology, soils, and plant species 
composition to conditions comparable to wet meadows with minimal human-induced disturbance? Wet meadows are 
one of the most heavily altered types of ecosystems in the American Southwest and, because of their important hydro-
logic and ecological functions, there is currently a significant degree of interest in their restoration. Several restoration 
projects have been recently completed or are underway in northern Arizona and elsewhere on the Colorado Plateau, 
often at considerable expense and with minimal monitoring. Before many new projects are initiated, it is important to 
review what has been done to date, as well as related hydrological and ecological research that has been published and 
that may help inform future restoration efforts.

HARMONIZED DATA FOR NORTH AMERICA: A TOOL TO TRACK CHANGE

RICHARDSON, KAREN1

1Commission for Environmental Cooperation; 393, rue Saint Jacques, Suite 200 Montreal, Quebec, Canada H2Y 1N9, 
krichardson@cec.org

Tracking biological and spatially-related economic change at a continental scale requires harmonized, accurate and 
consistent data. The North American Environmental Atlas, a joint initiative between the US, Canada, Mexico, has 
recently developed a series of data layers and maps, including terrestrial and marine ecoregions, trade flows and 
protected areas, to respond to a growing need for information on issues across North America. Data from and results 
generate by the Atlas over the past five years have been used for various initiatives, including conservation planning. 
A new land cover change monitoring system aims to expand the usefulness of these data by producing annual land 
cover data at a scale of 250m. These data will assist with tracking change and monitoring various features, includ-
ing forest cover associated with carbon storage and sequestration. Further examples of the applications of the Atlas 
for conservation and environmental planning are presented. Additionally, the collaborative tri-national approach to 
acquire, verify and harmonize the data and maps is presented and it is suggested that this approach could be adopted 
for similar initiatives. 

BLACK BAND DISEASE OF CORALS: PATHOBIOLOGY AND CONSIDERATIONS FOR CORAL REEF 
CONSERVATION

RICHARDSON, LAURIE L. 1, Longin T. Kaczmarsky1, and Aaron W. Miller1

1 Department of Biological Sciences, Florida International University, Miami, Florida 33199, Laurie.Richardson@fiu.
edu, Longin.Kaczmarsky@fiu.edu, Aaron.Miller1@fiu.edu 

Coral reefs are in a serious state of decline. Widely acknowledged as contributing to this decline are coral diseases, 
many of which have been found to be correlated with and exacerbated by increasing sea surface temperatures (global 
warming). One of the most ubiquitous and severe of the coral diseases is black band disease (BBD), a pathogenic, 
cyanobacterial-dominated microbial mat which migrates across living coral colonies completely lysing coral tissue. 
BBD targets slow-growing, massive reef-framework species, which cannot outgrow the progressive tissue loss associ-
ated with the disease, often resulting in complete colony death. The BBD microbial community is highly complex, 
and includes, in addition to dominant (in terms of biomass) cyanobacteria, populations of sulfate-reducing, sulfide-
oxidizing and heterotrophic bacteria that generate and maintain a sulfuretum (complete sulfur cycle) within the 1 
mm thick band. Members of the BBD community produce two known toxins that cause coral death, cyanotoxin and 
sulfide. In addition to elevated temperatures, BBD prevalence has been shown to correlate with sewage. Since BBD is 
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limited to shallow-water coral reefs, based on a requirement for high light by the BBD cyanobacteria, affected reefs 
are usually close to human populations. Such reefs are among the richest in terms of biodiversity and are important for 
protecting coastlines from erosion and storm activity. These reefs are more likely to be impacted by anthropogenically 
derived nutrients (sewage and runoff). Additionally, such shallow waters respond rapidly to temperature increases. 
BBD can be cured by physically removing the band material and patching the coral lesion with modeling clay, and 
concerted efforts in the Florida Keys have resulted in eliminating active infections in past years. However, the disease 
has since reappeared on these same reefs. We recommend that conservation efforts on coral reefs should include BBD 
removal programs, sewage reduction, and long-term monitoring to counteract this disease. 

SUDDEN OAK DEATH IN COASTAL CALIFORNIA FORESTS : ECOLOGICAL IMPACTS AND 
CONSERVATION IMPLICATIONS 
  
RIZZO, DAVID M. 1

1Department of Plant Pathology, University of California-Davis, One Shields Avenue, Davis, CA 95616, dmrizzo@
ucdavis.edu 
 
Sudden oak death (SOD) is an emerging infectious forest disease caused by the recently discovered generalist patho-
gen Phytophthora ramorum. Lethal infections are concentrated in several ecologically important species, including 
tanoak (Lithocarpus densiflorus) and various oak species (Quercus spp.). The disease has killed potentially millions 
of trees in coastal forests of California and may be dramatically changing the ecological dynamics and biodiversity of 
these systems. Understanding the ecology of SOD in forests requires integrating feedback among hosts, the pathogen 
and the environment. Because a generalist pathogen, such as P. ramorum, may infect many plant species, linkages 
between positive and negative feedback loops will be complex. Which plant species will be successfully recruited in 
the face of SOD and how subsequent successional patterns will develop are important questions for forest managers 
and conservation biologists. For example, pathogen-mediated competition between California bay laurel and tanoak 
appears to be a key component of plant community structuring in the SOD pathosystem. Transmission and pathogen 
impacts are asymmetric between the two hosts; bay laurel can support up to ten times greater sporulation and suf-
fers no mortality compared to tanoak. Positive feedback may result in population increases for both bay laurel and P. 
ramorum. In contrast, as tree mortality increases, site associated environmental changes may create negative feed-
backs on Phytophthora species. Opening of forest canopy gaps may result in unfavorable microclimatic changes for 
pathogen establishment, reproduction and survival. On sites with very high levels of pathogen caused tree mortality, 
accumulations of coarse woody debris (CWD) may be many times higher than in pathogen free areas. Contribution 
of CWD to wildfire severity may then lead to negative feedback on pathogen populations. Because of these complex 
interactions, development of management strategies for this emerging disease will require collaborative approaches by 
forest managers and conservation biologists.

ELUCIDATING THE RELATIONSHIP BETWEEN CLIMATE AND GLOBAL AMPHIBIAN DECLINES 
ASSOCIATED WITH CHYTRIDIOMYCOSIS 

ROHR, JASON R.1, Thomas R. Raffel1, John M. Romansic1, Neal Halstead1

1University of South Florida, Department of Integrative Biology, Tampa, FL 33620, jasonrohr@gmail.com, traffel@
cas.usf.edu, jromansi@cas.usf.edu, nhalstea@cas.usf.edu

Most of the evidence supporting climate change as a factor in global amphibian extinctions associated with the chytrid 
fungus, Batrachochytrium dendrobatidis (Bd), comes from a positive, but temporally confounded, multi-decade cor-
relation between air temperature and extinctions in the toad genus Atelopus. If there is a true relationship between 
climate and Bd-related extinctions, fluctuations around temperature and extinctions should also positively correlate. 
When we isolated these fluctuations by controlling for temporal trends in climatic variables (extrinsic factors) and 
presumed density-dependent spatiotemporal spread of Bd (intrinsic factor), it became apparent that Atelopus extinc-
tions were most common in El Niño years and in years with greater temperature variability, factors that positively 
co-varied. These results suggest that the availability of susceptible hosts is the primary factor influencing the spa-
tiotemporal spread of Bd followed secondarily by climate. We then conducted a manipulative experiment to test two 



hypotheses: that the optimal temperatures for Bd growth in culture and on amphibians are different, and that tempera-
ture variability would increase amphibian susceptibility to Bd. We first acclimated Cuban treefrogs to either 15ºC or 
25ºC and then, after half the frogs in each treatment were challenged with Bd, we either maintained temperature or 
switched temperature treatments. Bd grew best in culture at 25ºC, but grew best on, and was most deadly to, Cuban 
treefrogs at 15ºC, which might explain why Bd-related mortality often occurs at cool localities and in cool seasons. 
Finally, as predicted, frogs exposed to temperature shifts had significantly more Bd than frogs exposed to constant 
temperatures, which might explain the elevated amphibian extinctions in the warm, but temperature variable, El Niño 
years. These findings emphasize the importance of controlling for intrinsic factors and examining host-parasite inter-
actions, rather than the host or parasite in isolation, to fully understand the effects of extrinsic factors on disease and 
host population dynamics.

A MULTISPECIES APPROACH FOR CONSERVING RARE AND VULNERABLE SPECIES ACROSS 
MANY SCALES IN THE OAK OPENINGS REGION

ROOT, KAREN V.1

1Bowling Green State University, Bowling Green, OH 43403, kvroot@bgsu.edu

Many animal species are becoming vulnerable to extinction as they face rapid human population growth and the 
accompanying pressure for development and land conversion in this country. This research used traditional ecologi-
cal methods (e.g., field surveys and mark-recapture) combined with modeling techniques (e.g., population viability 
analysis, habitat suitability assessment, GIS analysis) to identify the requirements for rare and vulnerable species 
in the globally imperiled ecosystem of oak savanna of the Oak Openings Region in Northwest Ohio. Using these 
approaches, I explored the long-term viability of the native species (e.g., Karner Blue Butterfly, Lark Sparrow, Spotted 
Turtle, Red-Headed Woodpecker), the effects of habitat loss, and potential recovery options such as natural dispersal 
and active management. Many of the species that utilize oak savanna relied on specific structural characteristics, e.g., 
amount of canopy cover, percent of bare ground, and number of snags. Heterogeneity was critical for maintaining 
healthy populations of these native species and allowed a diversity of interacting species to coexist. Active manage-
ment in the oak savanna is a critical element of long-term conservation and restoration and species such as the Lark 
Sparrow responded quickly to structural changes that resulted from management actions such as prescribed burning 
and mowing. The results of these studies are being used to improve management and restoration in these ecosystems, 
to increase populations of native species, and to guide land acquisition. This approach demonstrates the value of 
studying multiple taxa across several scales as a way to better prioritize our management and conservation efforts in 
imperiled ecosystems.

Kaibab Forest Health Focus –SUPPORTING COLLABORATIVE Decisionmaking ON 
ECOLOGICAL RESTORATION AND LAND MANAGEMENT AT MULTIPLE SCALES

RUNDALL, JILL M.1, Thomas Sisk1, Erik Nielsen1, Brett G. Dickson1, Steven Sesnie1, Ariel Leonard2, Bruce Hig-
gins2, Charlotte Minor2

1College of Engineering, Forestry, and Natural Sciences, School of Earth Sciences and Environmental Sustainability, 
Center for Sustainability, Northern Arizona University, Flagstaff, AZ 86011, Jill.Rundall@nau.edu, Thomas.Sisk@
nau.edu, Erik.Nielsen@nau.edu, Brett.Dickson@nau.edu, Steven.Sesnie@nau.edu; 2U.S. Department of the Interior, 
Unites States Forest Service, Kaibab National Forest, aleonard@fs.fed.us, bhiggins@fs.fed.us, cminor@fs.fed.us

Concern over wildfire threat and declining forest health conditions across the Kaibab National Forest in northern 
Arizona provided the context for collaborative efforts to identify management priorities and treatment guidance. The 
Kaibab Forest Health Focus (KFHF), initiated in the fall of 2008, included 6 workshops bringing together diverse 
stakeholders, including Forest Service staff, conservation organizations, timber industry representatives, scientists, 
and engaged citizens to focus on future management for 283,968 ha (701,701ac) of national forest lands. The prin-
cipal objective of the KFHF was to identify and prioritize landscape-scale management units and provide treatment 
guidance based on natural resource values and expert opinion and potential risks to those values. Northern Arizona 
University’s Forest Restoration and Analysis Project (ForestERA) supplied the GIS analytical expertise and spatial 
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modeling tools that were used as a resource for the group, providing baseline natural resource information, models 
such as crown fire behavior and fire hazard and a platform for iterative analysis of their developing ideas. As the 
collaborative group moved from the forest-wide scale to that of management units of several thousand ha on a given 
ranger district, the participants’ familiarity with specific landscapes increased and reliance on more place-based 
criteria emerged in the group’s work. Prioritization and treatment recommendations for each ranger district were 
addressed independently. Identified priority areas of ponderosa pine were 74,500, 24,200, 66, 311 acres within three 
USFS Ranger Districts respectively. The higher priorities for treatment were community protection zones in Williams, 
the Coconino Rim in Tusayan and the entire western ponderosa pine belt along the west side of the Kaibab Plateau on 
the North Kaibab. Lower consensus was found among participants on restoration treatments for mixed conifer forest. 
Future collaborative work will focus on developing treatment guidance in mixed conifer. 

Traditional KNOWLEDGE, CULTURAL PRESERVATION, and ECOLOGICAL RESTORATION: PARK 
SCIENCE IN A NEW LIGHT

RUPPERT, DAVID1

1Assistant Director, Office of Indian Affairs and American Culture, Intermountain Regional Office, National Park 
Service, 12795 West Alameda Parkway, Lakewood, CO 80228, (303) 969-2879. Also, Office of International Affairs, 
National Park Service, 1201 Eye Street NW, Washington DC (202) 354-1839, dave_ruppert@nps.gov

The early visionaries of the National Park Service sought to set aside large areas of the west to protect them from 
encroaching settlement and economic development. The landscapes of places such as Yosemite, Yellowstone, and 
Glacier were viewed as pristine and natural vistas that should be preserved and protected from the nation’s 19th cen-
tury rush to people the country from coast to coast. These special places, it was argued, should be left as they were 
found, untrammeled by people and unscarred by development to be enjoyed by future generations. But the fact is 
many of these places were already inhabited and used by American Indian peoples. In many cases, what these early 
visionaries found were places that had already been manipulated and shaped by long term human activity. In short, 
many of these admired landscapes were the result of American Indian settlement and purposeful resource manipula-
tion and management. However, indigenous management of these landscapes ended as preservation policies led to 
the removal of the American Indian populations. Some researchers have argued that aspects of the early conditions of 
parks were unsustainable without active human manipulation and that radical changes have occurred as a result. Many 
of these same researchers argue that efforts to restore park areas to the conditions at the time of establishment requires 
a clearer understanding of early American Indian resource uses and resource management techniques. This presenta-
tion examines how Traditional Ecological Knowledge (TEK) is an important element in park restoration science and 
ecology and is an essential element in any effort to assist indigenous peoples in their efforts to preserve their living 
heritage. 

Implementation of Linkage Design at the Local Level – Arroyo Grande as State of 
the Art

Ruther, Sherry A.1

1Pima County Development Services Department, Tucson, Arizona, sherry.ruther@dsd.pima.gov

 While maintaining our indigenous wildlife populations has been a fairly constant community-wide concern, local 
governments in eastern Pima County are realizing that their authority to regulate land use is a valuable tool in contrib-
uting to the conservation of wildlife habitats and landscape linkages. Arroyo Grande is the most recent case-in-point. 
In March 2008, the Arizona State Land Department approached the Town of Oro Valley to amend their General Plan 
in anticipation of the future development of the approximately 9,000-acre Arroyo Grande Project. The project area, 
however, overlaps an area previously identified as a critical landscape linkage between the Tortolita and Santa Cat-
alina Mountains. By the conclusion of the General Plan Amendment process in November 2008, through the applica-



tion of current linkage science and land use planning principles, the Town approved a project that protects over 6,000 
acres for the stated purpose of conserving the Tortolita – Santa Catalina Mountain Linkage. Using Arroyo Grande as 
a platform, this presentation will, in greater detail, discuss the integration of current linkage science through the land 
use planning process and identify advantages/disadvantages of pursuing linkage conservation via land use planning.

POST-FIRE RECOVERY OF PONDEROSA PINE FOREST DURING DROUGHT 

SAVAGE, MELISSA1, Joy Mast2, and Johann Feddema3

1UCLA, Department of Geography, Los Angeles, CA 90024, forests@ucla.edu; 2Carthage College, Kenosha, WI 
53140, jmast@carthage.edu; 3University of Kansas, Lawrence, KS66049, feddema@ku.edu

How well does ponderosa pine forest regenerate when wildfires of unprecedented severity are followed by drought 
conditions? We studied tree regeneration at six sites in New Mexico that burned in crown fires during the drought of 
1945 to 1958. In four of the six sites alternative vegetations communities predominated post-burn, primarily shrub-
fields, and pine forest reestablished at the other two sites We developed a water balance model based on the relation-
ship of regeneration to precipitation and temperature parameters at each site, and ask the question, to what extent does 
post-burn drought conditions limit forest recovery. The combination of fires of anomalous intensity and warm and dry 
conditions appear to foster vegetation type shifts that are not easily dislodged by ponderosa pine forest. More recently, 
high-severity fires in southwestern ponderosa pine forest have also occurred during drought conditions, and models 
of post-burn climatic conditions that predict regeneration can help answer the question, how resilient will the regional 
forest be to unnaturally high-severity fires under drought conditions and potential global climate shifts.

Implementation of Wildlife Corridor Designs in Arizona

Schweinsburg, Ray1, and Jeff Gagnon1

Arizona Game and Fish Department, rschweinsburg@azgfd.gov, jeff_gagnon@yahoo.com

In Arizona, opportunities to implement wildlife crossing structures are in various stages of planning and implementa-
tion. One intensive project to reduce wildlife-vehicle collisions and maintain permeability occurs along State Route 
260, where Arizona Department of Transportation is constructing 17 wildlife (large mammal) crossing structures (one 
structure / mile) based on collision data and hydraulics.  Research by the Arizona Game and Fish Department deter-
mined that 1) structures are ineffective without fencing, 2) improper design and placement can render a structure less 
effective 3) some species adapt to structures over time, 4) long-term monitoring is important to determine success and 
5) crossing structures and fences significantly reduce wildlife-vehicle collisions and increase permeability. Global 
Positioning System (GPS) data was used only to determine the extent of fencing needed to funnel animals to, not 
placement of, structures. Different kinds of fencing and a wildlife animal detection system were also tested. Wildlife-
vehicle accidents in the test area were reduced 96% and use of crossing structures increased dramatically. Along US 
Highway 93, desert bighorn sheep overpasses are being constructed. Unlike 260, location of structures was proac-
tively determined by GPS telemetry data before construction. Monitoring will determine how well these overpasses 
work. A similar proactive approach is underway for Interstate-17 and Interstate-40 (elk), US 89 (pronghorn), State 
Route 64 (elk, pronghorn, mule deer), US Highway 191 (bighorn sheep). Hence, we have moved from being reactive 
and restricted to roadways, for instance as at Hwy 260, to proactive and planning for total corridors beyond roadway 
rights-of-way, such as at Oro Valley, AZ. Here the Wildlife Linkage Assessment Report identified an important link-
age (#81) between the Tortolita and Catalina mountains. This was then modeled with a wildlife corridor design tool 
and through the efforts of Governmental and NGO stakeholders, the total corridor will hopefully be set aside and 
protected.
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Assessment of Mixed Conifer Forest Conditions, North Kaibab Ranger District, 
Arizona USA 

SESNIE, STEVEN E.1, Brett G. Dickson1, Jill M. Rundall1 and Thomas D. Sisk1

1School of Earth Sciences and Environmental Sustainability, Applied Ecology Laboratory, Northern Arizona Univer-
sity, Flagstaff, AZ 86011-5694, Steven.sesnie@nau.edu; Brett.dickson@nau.edu; Jill.rundall@nau.edu

Mixed conifer forest on the Kaibab Plateau in northern Arizona is characterized by tree species that can include pon-
derosa pine (Pinus ponderosa), white fir (Abies concolor), Douglas-fir (Pseudotsuga menziesii), and aspen (Populus 
tremuloides), but also intermix with “Spruce-Fir” forest on moist sites with blue spruce (Picea pungens), Engelmann 
spruce (Picea engelmannii), and sub-alpine fir (Abies lasiocarpa). The 2009 Kaibab Forest Health Focus was an 
initiative which identified mixed conifer (MC) forest as a priority vegetation type in need of restoration treatments. 
An analysis of MC forest structure and composition on the North Kaibab Range District (NKRD) was undertaken to 
inform land use planning and stakeholder discussions about historical changes in MC forest conditions and to develop 
restoration treatment recommendations for broad spatial extents. Principle study objectives were to 1) provide a 
quantitative framework for developing restoration criteria and a desired condition for MC forest types and 2) compare 
historical and contemporary MC forest structure and composition. A comparison of 1909 and 1990 forest inventories 
revealed a dramatic increase in tree density (trees per acre) and dominance (basal area) for shade tolerant species 
Douglas-fir, true-fir and spruce, while ponderosa pine has decreased. An increase in shade tolerant species is likely 
due to fire suppression beginning in the late 1800s. Our results indicate that ponderosa pine formerly co-dominated 
many MC stands, but has declined over the last century. Restoration activities for these stands should emphasize 
reducing overall tree density and hazardous canopy and sub-canopy fuel continuity particularly for shade-tolerant 
trees. Ponderosa pine co-dominance should also be restored on favorable sites.   

UNDERSTANDING THE ROLE OF VISITOR MANAGEMENT AND CONSERVATION PLANNING OF 
USFWS REFUGES TO PROMOTE A CONSERVATION NETWORK SYSTEM

SEXTON, NATALIE1, and Lynne Koontz1

1USGS-Fort Collins Science Center, Fort Collins, CO 80526, sextonn@usgs.gov, koontzl@usgs.gov

Conservation planners and land managers frequently find themselves working in highly contested settings character-
ized by multiple stakeholders and contrasting values, expectations, and demands. In these settings, physical resource 
data alone may not provide a sufficient basis for decisionmaking. Socioeconomic tools and information are necessary 
to understand visitors and other stakeholders and the various implications of alternative management actions. Through 
case-study example from research on USFWS Refuges, this presentation will illustrate the importance of understand-
ing visitors and other stakeholders and the role this understanding plays in conservation of these lands. 

SOME THOUGHTS ON WESTERN SCIENCE AND TRADITIONAL KNOWLEDGE: BRAIDING 
UNDERSTANDING FOR SUSTAINABLE LAND AND RESOURCE MANAGEMENT

SISK, THOMAS D.1

1Northern Arizona University, School of Earth Sciences and Environmental Sustainability, Center for Sustainable 
Environments, Flagstaff, AZ 86011, Thomas.Sisk@nau.edu

The 20th century saw marked changes in public land management, with values shifting from a utilitarian ethic empha-
sizing resource extraction toward an aesthetic, preservation-orientation approach. Science played an important role 
in this shift, with the growth of ecological understanding forcing recognition of environmental degradation and the 
need for conservation. More recently, preservationist values have been challenged by arguments that human needs and 
values must be integrated into conservation theory on ethical grounds, and because they are essential for maintaining 
public support. The emerging emphasis on Ecosystem Services is indicative of this trend in public land management, 
and provides an opportunity for reengaging diverse forms of knowledge in land and resource management. Tradi-



tional knowledge has often been excluded from planning and management, yet the public lands provides important 
cultural and ecological services to native peoples, and traditional knowledge informs an approach to land and resource 
management that has persisted for millennia and provides some of the best examples of sustainability. My informal 
remarks will explore the relationship between Western science and traditional knowledge. These “ways of knowing” 
have been in conflict for centuries, but many writers and practitioners claim a nascent convergence of understanding 
and values. While far from providing the sort of unifying theory that some may seek, the science of ecology provides 
a bridge between the traditional knowledge gained on the land, over many human generations, and the rapidly grow-
ing scientific knowledge gained through structured observation, theory, and experimentation. 

A BIODIVERSITY HOTSPOT: THE MADREAN ARCHIPELAGO OF THE U.S.-MEXICO BORDERLANDS

SKROCH, MATT1

1University of Arizona, 325 Biological Sciences East, Tucson, AZ 85721, mskroch@email.arizona.edu

The Madrean archipelago, or sky island region, of the southwestern United States and northwestern Mexico contains 
an unusually rich assemblage of biological diversity. Unique geographic, topographic, and climatic factors converge, 
at multiple spatial scales, to support this biodiversity. More than 100 mammal, 130 reptile and amphibian, and 400 
species of bird species occur there, representing the most species-rich area in the United States for those taxa. Con-
servation of this biodiversity is challenged by rapid habitat fragmentation and climate change, further confounded by 
the relatively small, isolated forest patches on each mountain island. Due to real and potential rapid shifts in habitat 
quality and population viability, certain imperiled species should be immediately considered for captive breeding 
programs and assisted migration efforts, while in situ conservation must focus on returning frequent fire intervals to 
the pine-oak mountain elevations.

Climate Change Impacts on Rural Alaska’s Natural Resource Harvesting Practices

Sommer, Larissa1

1Northern Arizona University; lls95@nau.edu

Arctic regions of the world are witnessing relatively large increases in atmospheric temperatures, thus contributing to 
the transformation of fragile environments. These stresses on local level ecosystems are also affecting rural Alaska’s 
human population. This study examined climate change impacts in respect to natural resource harvesting practices 
for rural residents in the villages of Galena, Koyukuk, and Nulato located in the interior of Alaska. It is suggested 
that anthropogenic caused climate change is contributing to large quantities of permafrost melt in Northern regions. 
This melting of permafrost is having an affect on lake drainage in the interior of Alaska, ultimately impacting rural 
residents’ traditional hunting grounds. Social, economic and political variables are all entwined with future responses 
to climate change.

HOW CAN ECOLOGICAL MODELING AND THRESHOLD CONCEPTS IMPROVE RESOURCE 
MANAGEMENT DECISIONS AT GLEN CANYON NATIONAL RECREATION AREA?

SPENCE, JOHN R.1

1National Park Service, Glen Canyon NRA, P.O. Box 1507, Page, AZ 86040; John_Spence@nps.gov

The NPS has recently developed interim guidelines for resource managers to use in determining future desired condi-
tions and in the assessment of the ecological integrity of ecosystems. These guidelines suggest the adoption of more 
explicit conceptual and dynamic models for better understanding natural communities and ecological processes. 
State and Transition models (STM’s) and associated threshold definitions hold great promise in integrating resource 
management planning and ecological theory in the arid and semi-arid uplands of Glen Canyon. Using the ecological 
site Desert Sand, a simple STM of three states is presented with threshold conditions and associated triggers (forcing 
variables). Two areas of integration with management are explored using this model. The first example shows how it 
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is possible to integrate STM’s and threshold criteria with domestic livestock grazing management, which is a perva-
sive disturbance in the park. STM’s provide the basis for understanding which communities are borderline or at-risk, 
and what the consequences of crossing a threshold mean. With this information, a manager can then make informed 
management decisions to restore the system. This is accomplished through the use of explicit indicator measures that 
can reveal state changes resulting from crossing potentially irreversible thresholds. Management actions are then trig-
gered that can move the state condition back to its desired phase and away from the threshold. The second example 
looks at the relationship between STM’s, thresholds, and National Environmental Policy Act (NEPA) planning. Again, 
using the simplified Desert Sand ecological site, ecological states and thresholds are compared with NEPA threshold 
language (negligible, minor, moderate, major) in a one to one correspondence. During the development of resource 
management plans, it is possible to incorporate states and phases along with their thresholds directly into NEPA action 
thresholds, providing ecological-based definitions of unacceptable impacts, potential impairment, and reversibility as 
well as the concept of resilience. Many problems remain with linking management decisions with ecological model-
ing and threshold concepts. Among the most critical are the lack of suitable STM’s for many upland and riparian 
communities, a lack of understanding of the multiplicity of threshold conditions and their triggers, and the potential 
interactions between various forcing variables. Ultimately many of these questions need to be addressed before mean-
ingful desired future conditions can be established using conceptual models in complex landscapes. 

Statewide connectivity mapping in California: From expert arrows (2000) to 
modeled integrity surfaces (2010) 

Spencer, Wayne1, and Kristeen Penrod2

1Conservation Biology Institute, 136 SW Washington Avenue, Suite 202, Corvallis, OR 97333, wdspencer@consbio.
org; 2SC Wildlands, P.O. Box 1052, Fair Oaks, CA 95628, Kristeen@scwildlands.org

Statewide connectivity planning in California began in 2000 with the Missing Linkages workshop in San Diego, 
where 160 land managers, conservationists, and scientists mapped, described, and rated actual or potential linkages 
they considered important to maintaining wildlife movement and biodiversity. The resulting Missing Linkages report 
(Penrod et al. 2001) mapped linkages as arrows, described and characterized their biological values and threats, and 
prioritized them for conservation action. The project was highly successful at focusing public and policy attention on 
the need for ecological connectivity, and motivated more detailed regional and local connectivity plans in portions 
of the state. However, arrows drawn by expert opinion are not repeatable. There was wide variation in how experts 
applied criteria to delineate linkages and in their cumulative knowledge about each of California’s eight ecoregions. 
For example, numerous fine-scale linkages were identified in the highly populated South Coast Ecoregion, where 
regional conservation planning had been underway for years, whereas the lesser-developed, lesser-studied Modoc 
Ecoregion received a few coarse-resolution arrows. Currently, we are working with California Department of Trans-
portation, California Department of Fish and Game, and numerous other agencies to develop an objective, repeat-
able, science-based connectivity map for the state, along with a strategic plan to guide finer-scale linkage designs and 
implementation plans. The California Essential Habitat Connectivity map uses indices of ecological integrity to help 
identify landscape blocks needing connections, and an inverse of ecological integrity as a cost raster for least-cost 
corridor modeling between these blocks. A map based on focal species models was not feasible in light of California’s 
tremendous biogeographic diversity and the huge number of blocks to be connected. However, we are comparing our 
integrity-based linkage designs with local and regional designs created using focal species or other approaches to 
verify the utility of our approach and to inform future analyses.



A SURVEY OF MONITORING AND MANAGEMENT ACTIVITIES FOR CONSERVING RARE PLANTS IN 
NATIONAL PARKS AND PROTECTED AREAS, ARIZONA AND NEVADA

SPRINGER, Judith D.1, Scott R. Abella2, and Teresa R. DeKoker1

1Ecological Restoration Institute, Northern Arizona University, Flagstaff, AZ 86011-5017, Judith.Springer@nau.edu, 
Teresa.DeKoker@nau.edu; 2Public Lands Institute and Department of Environmental Studies, University of Nevada 
Las Vegas, 4505 S. Maryland Parkway, Las Vegas, NV 89154-2040, scott.abella@unlv.edu

Conserving rare species is one of the major objectives for protected areas such as national parks. Arizona and Nevada 
are in the center of an arid region rich in biodiversity and contain a variety of national parks, wilderness areas, and 
other conservation areas. We surveyed resource managers of 35 protected areas in these two states by posing 16 
questions about threats, monitoring, and conservation management of rare plant species. Half of the managers cited 
exotic plants as threatening the sustainability of rare native plant populations that are protected from wholesale habitat 
destruction, and 41% cited herbivory. Nineteen additional threats were identified. Some type of monitoring of the sta-
tus of rare plants is being conducted in 69% of the protected areas, although only 34% of the managers believed that 
the monitoring and associated conservation measures are adequate for protecting all rare plants. Monitoring was cited 
as a trigger for policy, management, or further information-gathering activities in all cases in which it was conducted, 
suggesting that monitoring data were used in conservation decision-making. However, monitoring does not neces-
sarily result in an understanding of the causes of any observed population change, unless experimental treatments or 
quasi-natural experiments are performed. A wide variety of management activities were reported for rare plants, with 
avoidance of habitat disturbance and fencing the two most common activities being performed, followed by exotic 
plant treatments. However 34% of managers reported that passive management is the primary strategy used. Habitat 
conservation has focused on occupied habitat, as only 11% of managers reported attempts to establish species on 
unoccupied but seemingly suitable habitat. With the majority of managers believing that current strategies are insuf-
ficient for protecting rare plants, we believe the data suggest that active management of rare plant populations could 
be investigated in more situations than are currently being undertaken.         

THE FURNACE FLATS SITE AS VIEWED FROM ARROYO 6 EXCAVATIONS

SPURR, KIMBERLY1 
1Museum of Northern Arizona, 3101 N. Fort Valley Road, Flagstaff, AZ 86001, kspurr_ppc@infomagic.net

Furnace Flats (AZ C:13:010) is a large, multi-component habitation site adjacent to the Colorado River, just upstream 
from Unkar Delta. In 1984 and 1998, the National Park Service excavated features that were being impacted by 
expansion of arroyos that cross the site. Both of these projects were limited in areal extent, focusing on endangered 
features. Investigations in 2007 at Furnace Flats were a collaborative effort between Grand Canyon National Park and 
the Museum of Northern Arizona. This project combined excavation of features being exposed by erosion with extra-
mural testing and geomorphic study to provide a broader interpretation of site history and function. Work in Arroyo 6 
demonstrated multiple episodes of activity, including construction and two remodels of one habitation structure. This 
large masonry room was associated with at least one storage feature and a probable extramural work area. Deep test 
units demonstrated the presence of earlier ceramic-period and possibly pre-ceramic period activity in the same area. A 
hearth in the structure fill and a large thermal feature at the mouth of Arroyo 6 likely represent short-term occupancy 
during the terminal use of the site.
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DEVELOPMENT OF A REGION-WIDE DATABASE FOR RSRA SURVEYS OF THE FUNCTIONAL 
CONDITION OF SOUTHWESTERN STREAMS AND RIPARIAN AREAS

STACEY, PETER B.1, Allison L. Jones2, and Jim C. Catlin2

1Department of Biology, University of New Mexico, Albuquerque, NM 87131
2Wild Utah Project, Salt Lake City, UT 84101

Streams and riparian areas are among the most productive and biologically diverse ecosystems in the southwest. A 
key challenge for conservation in a period of global climate change is to develop a region-wide understanding of the 
current ecological health of these systems, and to then prioritize those areas that would most benefit from restoration. 
Presently, many different assessment protocols are used in different states, and by different governmental agencies. 
The results of these surveys often are not comparable, and they can be difficult to both locate and utilize for region-
wide studies. The Rapid Stream-Riparian Assessment (RSRA) provides a simple and holistic quantitative method of 
evaluating the current functional condition of these critical ecosystems. The protocol examines various indicators of 
water quality, fluvial geomorphology, aquatic species habitat, terrestrial vegetation diversity and productivity, and 
terrestrial wildlife habitat. It can be conducted by non-specialists in a variety of stream types in a relatively short time 
(usually less than 3 hours), and as a result can be applied widely both within and between watersheds. It is being used 
by many different groups and agencies, and thus has the potential for providing for region wide analyses. To facilitate 
this effort, Wild Utah Project has developed a central data base for RSRA surveys that will be open to the public and 
can be searched by geographic location or watershed. New surveys can be added by certified users. The data base will 
be described and suggestions for potential new uses and improvements will be requested.  

MINIMAL EFFECTIVENESS OF SEEDING FOLLOWING THREE HIGH-SEVERITY WILDFIRES

STELLA, KENNETH A.1, Carolyn H. Sieg2, and Pete Z. Fulé1,3

1Northern Arizona University, School of Forestry, 200 East Pine Knoll Drive, Flagstaff AZ 86011 Kenneth.Stella@
nau.edu; 2USFS- Rocky Mountain Research Station, 2500 South Pine Knoll Dr. Flagstaff AZ. 86001, csieg@fs.fed.us; 
3Ecological Restoration Institute, Northern Arizona University, 200 East Pine Knoll Drive, Flagstaff AZ 86011, Pete.
Fule@nau.edu

Seeding following high severity wildfires is intended to reduce; water runoff, soil erosion, and non-native species 
invasions. Post-wildfire seeding treatments most commonly use seed of non-native annual cereal grains selected for 
quick growth and abundant underground root systems however, U.S. policy recommends the use of native seed. Seed-
ing following wildfires for erosion control is based on the positive correlation between bare ground and increased 
sedimentation rates and the negative correlation between vegetative, and ground, cover and runoff and erosion rates. 
Seeding to prevent non-native species invasions is based on the ability of seeded species to quickly co-opt resources 
and exclude non-natives. Critics of seeding following wildfires argue seeding rarely achieves cover levels needed to 
effectively reduce runoff and erosion and when treatments do achieve high levels of cover it comes at the expense of 
native plant regeneration. Due to the stochastic nature of wildfires well replicated studies with adequate control areas 
have been rare. We used a controlled, replicated, and randomized experimental design to test the effects and effective-
ness of native and non-native seeding following three high severity wildfires in Arizona ponderosa pine forests. We 
found seeding was ineffective at producing high amounts of vegetative cover associated with reduced runoff and ero-
sion, seeding significantly altered plant community composition and did not reduce abundance of non-native species. 
These results add to the growing evidence that seeding following high severity wildfires does not achieve management 
objectives. 



Rare or precinctive macroinvertebrates in the Grand Canyon ecoregion, 
southwestern USA

Stevens, Lawrence E.1

1Biology Department, Museum of Northern Arizona, 3101 N. Ft. Valley Rd., Flagstaff, AZ 86001; (928) 380-7724; 
farvana@aol.com

The distribution and conservation status of rare or precinctive endemic macroinvertebrate species is poorly known 
in the Grand Canyon ecoregion (GCE) on the southern Colorado Plateau. As part of a Museum of Northern Arizona 
(MNA) all taxon biological inventory, I summarized collections data from GCE at MNA and other regional museums, 
and reviewed of the distribution and status of invertebrate taxa considered by several federal and state agencies as 
being of potential management concern or interest. This region is topographically diverse, with more than 3,000 m 
of elevation range, numerous complex drainage basins, highly isolated mountain ranges, and the highest density of 
springs of any large region in North America. As a consequence, the region is remarkably rich in rare, relictual, and 
endemic taxa, particularly plants and macroinvertebrates. Existing literature revealed high levels of apparent rarity, 
with more than 52 percent of aquatic Hemiptera in the GCE found at 3 or fewer sites, primarily springs. Overall, 
at least 81 taxa appear to be potential species of concern (SOC) and at least 21 others are species of interest (SOI), 
warranting additional research. Numerous rare or precinctive endemic species exist in Grand Canyon National Park. 
Among the national forests, Apache-Sitgreaves supports the most SOC and SOI (64 taxa), while South Kaibab had 
fewer (38) taxa. I eliminated 156 taxa from the list because background literature, museum specimen checks, discus-
sion with experts, and/or database searches did not support their existence in the region. I could not find sufficient 
information to make informed judgments about 25 taxa. At least 18 species not considered on the original list may be 
of potential interest in regional resource management. I describe habitat requirements for these taxa, non-native spe-
cies threats, and describe caveats surrounding the data. Protection of aquatic habitats (particularly springs and riparian 
zones), grasslands above 1,000 m elevation, caves, escarpment rims, coniferous forest meadows, deciduous woodlands 
and forests, and alpine habitats will help protect many taxa identified in this analysis. However, regional resource 
management issues, such as groundwater aquifer protection, as well as uncertainty about the distribution, population 
status, habitat requirements, and basic taxonomy of many species do not necessarily guarantee that habitat protection 
will translate into population protection.

Postfire fuel loading on two 2000 wildfires

Stevens-Rumann, Camille1, Carolyn Hull Sieg2, Molly Hunter1, Joel McMillin3, and Kurt Allen4

1Northern Arizona University, School of Forestry, P.O. Box 15018, Flagstaff, AZ, 86011, cstevensrumann02@fs.fed.
us and molly.hunter@nau.edu; 2USFS Rocky Mountain Research Station 2500 S Pine Knoll Dr. Flagstaff, AZ 86001, 
csieg@fs.fed.us; 3USFS Region 3 Forest Health Protection, 2500 S Pine Knoll Dr. Flagstaff, AZ 86001, jmcmillin@
fs.fed.us; 4USFS Region 2 Forest Health Management, 1730 Samco Road, Rapid City, SD 57702 kallen@fs.fed.us 

High tree mortality following severe wildfires in ponderosa pine (Pinus ponderosa) forests often leads to concerns 
about heavy fuel loading when trees die and the resulting potential for high intensity reburning. However, we have a 
poor understanding about how varying levels of tree mortality influence both the accumulation of fuels and potential 
fire behavior. We sampled fuel loadings in 2009 across a range of tree mortality on two high severity wildfires that 
occurred in 2000: the Pumpkin Fire on the Kaibab National Forest in Arizona, and the Jasper Fire on the Black Hills 
National Forest in South Dakota. On each fire we established 60 0.04-hectare plots along transects that were estab-
lished in 2001 to encompass varying levels of tree mortality. The design included 10 plots in each of five post-fire 
mortality classes: 0-20%, 21-40%, 41-60, 61-80, and 81-100% mortality, plus an additional 10 in nearby unburned 
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areas. Within each plot we measured height, diameter, status (alive or dead) and crown base height of each tree, plus 
fuels by size class, litter and duff depth, and plant standing crop. We hope to provide improved postfire management 
guidelines that account for varying levels of tree mortality and apply to different parts of the range of ponderosa pine. 
It is critical that we understand how to manage our forests following a high severity fire, especially in light of pro-
jected climate changes and associated increases in stand-replacing fires. 

predicting the probability of predation and parasitism on passerine nests in 
riparian habitats: a literature review

STUMPF, K.J.1 
1Department of Biological Sciences, Northern Arizona University, Flagstaff, AZ 86001. katie.stumpf@nau.edu

Nest predation and brood parasitism account for the majority of nest failures for passerine birds and may negatively 
impact reproductive success. Many studies have examined the link between habitat characteristics and the probability 
of parasitism and predation, however few have examined both concurrently. Predator and cowbird control programs 
are costly and time and labor intensive, making habitat control a more feasible option for land managers. I con-
ducted a literature review of the effects of habitat characteristics on predation and parasitism of passerines breeding 
in riparian areas across the US. Of eleven studies that examined both predation and parasitism, only five addressed 
habitat characteristics at multiple scales. Additionally, seventy-one percent of predation and 54% of parasitism stud-
ies involved fewer than two species. Landscape scale characteristics, including distance to edge, patch dimensions, 
and type of surrounding landscape were most often associated with nest predation. Factors at all three spatial scales 
(landscape, territory, and nest site) were equally likely to be associated with parasitism including habitat type (57% 
of studies), amount and type of surrounding landscape (77%), and understory density (67% and 75%, measured at 
territory and nest-site scales, respectively). A link between smaller spatial scales and parasitism but not predation may 
be due to the reliance of cowbirds on open areas for foraging and ability to move more freely through the habitat than 
many potential predators. Habitat relationships with predation and parasitism are complex, and depend on the predator 
community, the response of individual predators and cowbirds to the structure of the habitat, and the response of the 
host/prey species of interest. These results indicate that managing habitat factors operating at larger spatial scales will 
likely increase reproductive success by limiting the risk of predation and parasitism in riparian passerines and may 
lead to enhanced population size of prey/host species.

DESIGN AND IMPLEMENTATION OF LONG-TERM MONITORING OF AQUATIC 
MACROINVERTEBRATES IN NATIONAL PARKS ON THE COLORADO PLATEAU 

STUMPF, STACY1, Steve Monroe1, and Lisa Thomas1

1National Park Service- Southern Colorado Plateau Inventory and Monitoring Network, Flagstaff, AZ 86011, Stacy_
Stumpf@nps.gov, Stephen_Monroe@nps.gov, Lisa_Thomas@nps.gov

Freshwater is a scare resource on the landscape of the Colorado Plateau. Monitoring aquatic resources in National 
Parks on the Colorado Plateau can help to inform management decisions regarding these rare resources. In 2005, in 
collaboration with the Northern Colorado Plateau I&M Network and USGS, the Southern Colorado Plateau I&M 
Network (SCPN) conducted a study with the goal of designing a set of protocols best suited to track aquatic macro-
invertebrate populations in streams on the Colorado Plateau. As a result of that study, in 2007 SCPN initiated imple-
mentation of a long-term monitoring program using these protocols at parks within our network. The objective of this 
monitoring program is to determine the status and trends of: 1) the composition and abundance of aquatic macroin-
vertebrate assemblages and 2) the distribution and composition aquatic macroinvertebrate habitats.  Data derived from 
these protocols will help park Resource Managers make more informed decisions in regards to management actions 
that have the potential to affect aquatic resources. This talk will give a brief overview of the design and implementa-
tion of the SCPN’s aquatic macroinvertebrate monitoring program. In addition, we will discuss data collected from 
our first two years of implementation, issues associated with working in streams on the Colorado Plateau, the future of 
the program, and how park managers might most effectively use these data to benefit aquatic resources.



UPDATE ON VOLUNTARY LEAD REDUCTION EFFORTS WITHIN THE NORTHERN ARIZONA AND 
SOUTHERN UTAH RANGE OF THE CALIFORNIA CONDOR

SULLIVAN, KATHY A.1, Ron Sieg1, and Chris Parish2.
1Arizona Game and Fish Department, 3500 South Lake Mary Road, Flagstaff, AZ 86001
2 The Peregrine Fund, HC 31 Box 22, Mormon Lake, AZ 86038

Lead exposure is a significant factor affecting the success of the California condor (Gymnogyps californianus) rein-
troduction program in northern Arizona and southern Utah. Lead toxicity is currently the leading cause of mortality 
and the primary obstacle to a self-sustaining condor population. Incidental ingestion of lead shot and bullet fragments 
found in game carcasses and gut piles has been identified as the major lead exposure pathway. By 2002, data indicated 
that peaks in condor lead exposure rates corresponded with big game hunting seasons on the Kaibab Plateau in north-
ern Arizona. In 2003, the Arizona Game and Fish Department (AGFD), working with program partner The Peregrine 
Fund (TPF), initiated a hunter education campaign promoting voluntary lead reduction actions within condor range, 
including the use of non-lead ammunition. AGFD then implemented a free non-lead ammunition program in 2005. 
As a result, over 50 percent of Kaibab hunters harvested deer with non-lead ammunition that year (up from less than 
five percent in 2004). With increased field outreach, voluntary lead reduction actions were employed by almost 60 
percent of hunters in 2006. Educational and outreach efforts were further intensified in 2007 and 2008 with articles in 
sportsman’s publications; distribution of an educational DVD and brochure; in-store non-lead ammunition displays; 
increased field communication; and incentives for game gut pile retrieval. These augmented efforts yielded over 80 
percent voluntary participation by hunters in 2007 and approximately 90 percent participation in 2008. Although a 
reduction in condor blood-lead levels and lead toxicity mortalities has been observed, lead exposure rates have yet 
to decrease to acceptable levels. Modeling suggests a similar lead reduction program is needed in southern Utah to 
achieve this goal.  

Connectivity Conservation and Climate Adaptation - Large Landscape Lessons 
from Yellowstone to Yukon Conservation Initiative

Tabor, Gary M.1 
1Conservation Director, Freedom to Roam, P.O. Box 1587, Bozeman, Montana, 59771, USA www.freedomtoroam.org 
www.climateconservation.org Wildcatalyst@gmail.com

The International Panel on Climate Change predicts that we could lose as many as 40 to 70 percent of the species 
on Earth if nothing is done to address the impacts of climate change. No one fully understands the entire gamut of 
consequences this biological loss could have on all life on the planet. For certain, within terrestrial systems, habitat 
fragmentation remains the primary threat to species survival and ecosystem function. Climate change exacerbates 
this threat. Many in the scientific community agree that the most effective option we have to promote climate change 
adaptation for biodiversity is via wildlife corridors and connectivity conservation. There is a growing conventional 
wisdom based on little empirical study that the ability to migrate and disperse across the landscape in response to 
climate change will be key to the survival of many species in the coming decades.  In North America, the Yellowstone 
to Yukon effort (Y2Y) has become a global model for large landscape conservation. With over 700 protected areas 
connected along the Rocky Mountains that straddle the United States and Canada, Y2Y may serve as a laboratory 
for testing assumptions regarding connectivity and adaptation in terms of scale of action, and latitudinal and altitu-
dinal gradients. Large landscape lessons from Y2Y will be shared in this presentation. Trained as a veterinarian and 
ecologist, Gary Tabor has worked on behalf of protected area conservation for 25 years. Gary’s achievements include 
establishing Kibale National Park in Uganda; co-founding the Yellowstone-to-Yukon Conservation Initiative; found-
ing the Consortium for Conservation Medicine; establishing Wilburforce Foundation’s conservation science program 
and Y2Y field office; facilitating the creation of SCB’s policy program; catalyzing the Western Governors Associa-
tion wildlife corridor initiative; and co-founding Patagonia Company’s Freedom-to-Roam campaign with National 
Geographic to advance connectivity conservation. Gary serves on the SCB Board of Governors. 
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UNDERSTANDING HUMAN-WILDLIFE CONFLICTS NEAR URBAN CENTERS IN THE WESTERN U.S.

TEEL, TARA L.1, Michael J. Manfredo2

1Department of Human Dimensions of Natural Resources, Colorado State University, Fort Collins, CO 80523-1480, 
tteel@lamar.colostate.edu; 2Department of Human Dimensions of Natural Resources, Colorado State University, Fort 
Collins, CO 80523-1480, manfredo@cnr.colostate.edu 

Human-wildlife conflict (HWC) is a persistent challenge for wildlife conservation professionals. It is a broad encom-
passing topic that addresses a variety of situations and outcomes. Issues include wildlife depredation on livestock and 
other agricultural products, human losses due to auto accidents involving wildlife, wildlife threats to human safety 
through direct harm or disease transmission, nuisance interactions in residential areas such as wildlife-caused damage 
to landscaping, and loss of biodiversity due to human impacts on wildlife populations. The success of HWC preven-
tion and mitigation strategies often depends on the level of public support for such strategies and their impacts to local 
communities. Current approaches to exploring these social considerations frequently employ broad-based surveys 
that provide important insights for understanding stakeholders. However, these approaches typically are constrained 
in their application because they lack geographic specificity. In particular, information about human values, attitudes, 
and behaviors would be most useful if examined in the context of a specific community or the location of a particular 
resource problem. Often, it is this spatial context, characterized by people’s proximity to the resource, which helps 
shape the nature of human-wildlife interactions and forms the basis for the rise of management problems. In recogni-
tion of this phenomenon, we launched a multi-state investigation in 2008 to demonstrate the utility of geographically-
tied social science information for wildlife management and to introduce and test a spatially-explicit approach. Data 
collection occurred via mail survey in the Black Hills region of South Dakota and a door-to-door survey in Tucson, 
Arizona. Data were used to develop maps depicting conflict “hot spot zones”, or areas where agencies can anticipate 
mixed public sentiment or resistance to proposed management strategies. When coupled with biological data (e.g., 
species distributions), findings offer a useful tool for managers attempting to deal with HWC and public education at 
more local levels.

WASHINGTON’S APPROACH TO IDENTIFYING OPPORTUNITIES TO CONSERVE CONNECTIVITY AT 
MULTIPLE SCALES

The Washington Wildlife Habitat Connectivity Working Group1, and Brad H. McRae, 2

1Washington Department of Fish and Wildlife, Olympia, WA 98501, Joanne.Schuett-Hames@dfw.wa.gov, and 
Washington Department of Transportation, Olympia, WA 98501, McAllKe@wsdot.wa.gov; 2The Nature Conservancy, 
1917 1st Ave, Seattle, WA 98101, bmcrae@tnc.org

Maintaining and improving habitat connectivity is critical for conserving many of Washington State’s wildlife species. 
The Washington Wildlife Habitat Connectivity Working Group (WHCWG) was convened to address this issue, with 
the mission of “Promoting the long-term viability of wildlife populations in Washington State through a science-
based, collaborative approach that identifies opportunities and priorities to conserve and restore habitat connectiv-
ity”. The WHCWG is a science-based organization that is composed of representatives of land and natural resource 
management agencies, non-profit conservation organizations, and universities. Project objectives are: 1) use the best 
available science to identify important wildlife habitat linkage areas; 2) support research to validate models and sci-
entific assumptions for use in adaptive management; 3) increase cross-border coordination and cooperation on habitat 
connectivity issues; and 4) develop a robust communications strategy and inform the people of Washington about the 
importance of habitat connectivity to build support for implementation of connectivity conservation. The first product 
of the WHCWG will be state-wide maps of modeled habitat connectivity for a suite of 16 focal species using a com-
bination of cost-distance and circuit theory methods. We are also investigating the possibility of conducting a comple-
mentary connectivity analysis using measures of ecological integrity (‘naturalness’). We anticipate complementary 
results from these methods, with the added benefit of identifying the strengths and weaknesses of each for application 
in other regions. The state-wide analysis results will provide important information to prioritize areas for connectiv-
ity conservation at a coarse scale. Future efforts will focus on more detailed ecoregional analyses to identify specific 
locations for conservation and restoration activities and to investigate habitat connectivity patterns that function at 
finer scales. The information in this presentation is the result of the highly collaborative efforts of the WHCWG.  



Incorporating land use change into landscape connectivity: An Assessment of US 
natural landscapes from 1992 to 2030 

Theobald, D.M.1,2

1Department of Human Dimensions of Natural Resources, Colorado State University, Fort Collins, CO 80523-1480, 
davet@warnercnr.colostate.edu; 2Natural Resource Ecology Lab, Colorado State University, Fort Collins, CO 80523-
1480

Increasingly, conservation scientists are concerned about how land use change likely affects overall landscape connec-
tivity and the ecological flows into and out of protected areas. However, it can be challenging to delineate the fea-
tures that are to be connected, to estimate how human activities might modify habitat and movement, and to produce 
detailed maps useful need by planners in a reasonable time frame. I will present a basic, general, and computationally 
efficient indicator that measures landscape patterns that integrates both habitat loss and fragmentation in a robust way. 
I have calculated this metric for the US for three time steps: 1992, 2001, and 2030 to characterize “natural land-
scapes”. Natural landscapes are characterized by a high proportion of natural land cover types as opposed to human-
dominated types (i.e., urban/built-up, agricultural). Current and future housing density are directly incorporated in this 
indicator, as well as the estimated effect of highways as a function of traffic volume (not simply presence). This seam-
less, integrated indicator was developed to facilitate comparison of different landscapes (e.g., National Parks). For 
example, the indicator value for Yellowstone in 2001 is 0.915 (1.0 is “natural” and 0.0 is human modified), followed 
by Yosemite (0.891) and Rocky Mountain National Parks (0.806). A single landscape over time can also be examined, 
such as the decline in “naturalness” in Yellowstone from 0.916 in 1992 to 0.915 in 2001 to 0.912 in 2030. 

PHENOLOGY IN THE SOUTHWEST

THOMAS, K.A.1,2, J. F.Weltzin2, A. Miller-Rushing2,3, and T. Crimmins2,4

1U.S. Geological Survey, Southwest Biological Science Center, Family and Consumer Sciences, Rm. 123, University 
of Arizona, Tucson, Arizona 85721 kathryn_a_thomas@usgs.gov; 2USA-National Phenology Network, National 
Coordinating Office, 1955 East 6th Street, Tucson, Arizona 85721 jweltzin@usg.gov; 3The Wildlife Society, 1955 East 
6th Street, Tucson, Arizona 85721 abe@wildlife.org; 4Office of Arid Lands Studies, 1955 E. Sixth St., Tucson AZ 
85721.

Humans have taken note of the phenology (the study of the recurring life cycle events of plants and animals) at least 
since the beginning of civilization. The timing of phenologic events is important for a number of societal concerns: 
to predict and understand the abundance and movement of plant allergens and infectious diseases, to plan for farming 
and ranching activities, to provide effective pest control, to manage natural resources, and to implement conservation 
planning for biodiversity. Phenology observers have noticed and scientists documented that shifts have occurred in 
the phenology of some plants and animals. Researchers attribute these shifts to the organisms’ sensitivity to climate 
change and note these shifts can result in mismatches in trophic interactions and alterations in ecosystem processes. 
The USA-National Phenology Network (USA-NPN) is a national monitoring programming established to increase 
understanding of the impacts climate change and environmental variability have on the phenology of plants, animals, 
and landscapes. The network is comprised of citizen scientists, environmental organizations and agencies, academ-
ics, and public land management agencies. The USA-NPN provides phenology monitoring recommendations and a 
standardized monitoring approach for participants to make observations on the phenology of recommended plants 
and animals. The USA-NPN information management system (see www.usanpn.org) allows contemporary observa-
tions to be submitted, compiled, and archived within a continually growing phenology library and in the future will 
also incorporate legacy data. The contributions of many observers provide the ‘big picture’ on what is happening 
to the phenology of our living world. While the USA-NPN is a national project, partners have also organized into 
regional networks to better communicate and focus on producing high quality observations. The Southwest Regional 
Phenology Network, which includes the Colorado Plateau, was initiated in 2008 and is looking to include participants 
throughout the arid Southwest.
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Density-dependent diet diversification and individual differences in foraging 
behavior determine risk of disease exposure in southern sea otters

TINKER, M. TIM.1  
 1USGS – Western Ecological Research Center, Santa Cruz Field Station-LML, 100 Shaffer Rd., Santa Cruz, CA, 
95060 
tinker@biology.ucsc.edu

Disease-causing parasites of many wildlife populations are transmitted via prey ingestion, thus disease exposure is 
largely dependent upon food-web interactions. It is therefore reasonable to expect that density-dependent changes 
in trophic interactions will be reflected by changes in disease exposure and transmission; however, documenting 
the complex connections between population density, behavior and disease exposure poses an enormous challenge. 
We combined field studies with epidemiologic tools to study the relationships between density-dependent resource 
limitation, prey selection and disease exposure in the southern sea otter (Enhydra lutris nereis). Using a sample of 
>120 radio-tagged sea otters in California, we evaluated infection with two disease-causing protozoal pathogens, 
Toxoplasma gondii and Sarcocystis neurona, in order to identify behaviors that increase the likelihood of pathogen 
exposure. We found that variation in pathogen exposure could be explained by differences in spatial-use patterns and 
prey preferences of individual otters. High risk zones of sea otter infection were detected for otters with home ranges 
in southern Monterey Bay for S. neurona, and near San Simeon and Cambria for T. gondii. Otters feeding on abalone 
had very low risk of infection with both pathogens, while otters eating small marine snails were more likely to be 
infected with T. gondii. Individual diet specialization in sea otters represents a facultative behavioral response to food 
limitation, and the patterns of pathogen exposure we found are suggestive of an association between infectious disease 
and consumption of lower quality prey types. Elevated pathogen exposure may therefore be a negative consequence 
of dietary diversification at the population level and diet specialization at the individual level. Under this scenario, 
disease and increasingly scarce food resources act synergistically to decrease population-level fitness and limit the 
recovery of this threatened carnivore. 

How CESUs can advance climate change science and assist managers with 
adaptation, mitigation and education about the effects on resources

Tonnessen, Kathy1, Perry Brown2, Tom Fish3

1NPS,RM-CESU, kathy_tonnessen@nps.gov; 2University of Montana, perry.brown@umontana@edu; 3National 
CESU Coordinator, Tom_Fish@nps.gov

CESU partners are already working with Federal agencies on research, technical assistance and education on climate 
change and its effects. These activities include education workshops, scenario planning exercises and fundamental 
research on climate change indicators. The panel will give a short overview of some of the existing programs and 
activities, and will then open the discussion to the audience. We hope to collect additional information about how 
the Federal agencies are using CESU partners to accomplish climate change activities. Then we will direct the open 
discussion to include suggestions for future collaborations between University and NGO partners related to this envi-
ronmental threat. Such activities need to include analysis of adaptation strategies that land and resource managers will 
need to adopt in the face of climate change.

PRIORITIES FOR BIODIVERSITY CONSERVATION IN THE VERDE RIVER WATERSHED 

TURNER, DALE S.1

1The Nature Conservancy, Tucson, AZ 85719; dturner@tnc.org

The Verde River watershed covers about 4.2 million acres in central Arizona and includes about 500 miles of peren-
nial streams. The Nature Conservancy has conducted a year-long planning exercise to identify the most effective 
actions for maintaining or restoring this watershed’s native aquatic and riparian biodiversity. During a structured plan-
ning process, 64 individuals from 21 organizations contributed data, analyses, and ideas about the priority conserva-



tion needs and opportunities. We identified nonnative fish, crayfish, and frog species as the most critical sources of 
stress basin-wide, followed by groundwater pumping and climate change. Other threats were also ranked highly for 
particular natural communities in some parts of the watershed, including surface water diversions and large impound-
ments. Key strategies identified include the need for integrated management of groundwater and surface water, devel-
oping more efficient surface water management that meets both human needs and those of the natural systems, and 
watershed-scale planning to integrate native fish conservation with the demand for recreational fisheries. These results 
will form the backbone of the Conservancy’s work for many years to come, and may be useful for other organizations 
that share similar goals.

CONSERVATION PLANNING AND PRACTICE ALONG THE U.S./MEXICO BORDER 

TURNER, DALE S.1, and Gita Bodner2

1The Nature Conservancy, Tucson, AZ 85719; dturner@tnc.org; 2The Nature Conservancy, Tucson, AZ 85719; 
gbodner@tnc.org

Political boundaries rarely match those of natural systems, and the U.S./Mexico border is no exception. It crosses 6 of 
the ecoregions identified by The Nature Conservancy in North America. Assessments of those ecoregions have identi-
fied 148 priority areas for conservation that cross or lie within 80 km (50 mi) of the border. About 3 million ha (8 
million ac) of those sites are currently in high or moderate protected status, categories 1 or 2 under the Gap Analysis 
Program criteria. The goal of using ecoregions as a framework for conservation planning has been to meet the real 
needs of species and natural communities across their distributions, but that has been compromised by the hardening 
of the border which turned an abstract line into concrete and steel barriers. Planning only matters insofar as it brings 
progress on the ground. We trace a chain of planning and action events that began with planning for the Apache High-
lands ecoregion at the intersection of Arizona, Sonora, Chihuahua, and New Mexico. That effort brought a focus on 
ecological condition of grasslands, and has now led to identifying areas where protection and restoration opportunities 
combine to effectively sustain inter-connected blocks of intact healthy grassland. On-the-ground conservation actions 
by many partners—actions that tie directly into these planning efforts—include land acquisition, adaptive manage-
ment, and restoration by federal, county, and non-governmental organizations on both sides of the international bor-
der. Success of those actions will depend on many influences, including long-term management of the border.

Conservation lessons FOR THE COLORADO PLATEAU from avian disease in Hawaii

van riper III, Charles1 
1U.S. Geological Survey, Southwest Biological Science Center, SDRS, 106A DeConcini ENR Bldg., Univ. Arizona, 
Tucson, AZ 85721, charles_van_riper@usgs.gov

Avian disease has been the main factor leading to the extinction of Hawaii’s unique avifauna. Two diseases, avian pox 
(Poxvirus avium) and avian malaria (Plasmodium relictum), have been the primary sources of population declines, par-
ticularly in the native Hawaiian honeycreepers. Formerly, people believed this to be a unique situation, only relevant to 
remote island situations like Hawaii. Increasingly, the American Public is recognizing connections between the environ-
ment and human health.  Public health conditions caused by emerging infectious and zoonotic (animal-human transmit-
ted) diseases and environmental contamination are growing concerns worldwide. These public health threats are affected 
by the inherent relationship between people and the physical, chemical, and biological nature of their natural environ-
ment. Alterations in environmental, and ecosystem processes can thus, directly and indirectly, affect human health. As 
towns and cities expand within the Colorado Plateau, the wildland-urban interface broadens and human associations 
with wildlife become increasingly frequent. Also recognized is the globalization of public health issues, and the need 
to understand the roles and complexities that the environmental, ecosystem, and natural sciences play on a global scale 
relative to public health. With geographic distance and isolation no longer meaningful barriers, the opportunities for once 
isolated diseases to spread have never been greater. Future generations will continue to be jeopardized by many of the 
diseases that have emerged during the past quarter-century, regardless of whether the causes are of chemical, microbial, 
or parasitic origin. I will discuss examples of the emergence of new diseases (e.g., West Nile Virus) in humans and wild-
life in recent years, largely as a result of our densely populated, highly mobilized, and environmentally disrupted world, 
and will suggest that they increasingly parallel the avian disease situation in Hawaii. 
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POLITICAL LESSONS LEARNED FROM WILDFIRES: THE CASE OF SAN DIEGO COUNTY

VAUGHN, JACQUELINE 1, Hanna Cortner2

1Department of Politics and International Affairs, Box 15036, Northern Arizona University, Flagstaff, AZ 86011-
5036, Jacqueline.Vaughn@nau.edu; 2Cortner & Associates, 6064 East Mountain Oaks, Flagstaff, AZ 86004-7222, 
hannacortner@aol.com

Political leaders often make policy decisions based on “lessons learned” from similar previous events. In the case of 
catastrophic wildfire, officials in San Diego County (CA) have had numerous windows of opportunity from 2003-
2009 to change or develop institutional responses, with strategies ranging from evaluation and studies, operational 
enhancement, and organizational change. Local governments in the area had made incremental changes in wildfire 
policy, primarily relying on high visibility, low-cost projects despite the inevitability of fire events. Efforts to pass a 
countywide parcel tax in November 2008 to fund an enhanced, consolidated wildfire agency failed, however, to garner 
a needed two-thirds majority vote. This case study demonstrates that future policy will be dependent on building com-
munity support, confronting urban/rural divisions, changing behavior as well as funding fire equipment, and taking 
time to build effective coalitions rather than rushing to the ballot box.

PLAGUE AND PRAIRIE DOGS: IS THERE A WAY FORWARD? 

WAGNER, DAVID M1, Kacy Cobble1, Rebecca E. Colman1, Joseph D. Busch1, and Roger Van Andel2 
1Center for Microbial Genetics and Genomics, Northern Arizona University, Flagstaff, AZ 86011, Dave.Wagner@
nau.edu, Kacy.Cobble@nau.edu, Rebecca.Colman@nau.edu, Joseph.Busch@nau.edu; 2Office of Laboratory Animal 
Medicine, University of Nevada, Reno, NV 89557, vanandel@unr.edu 

The five species of prairie dogs (Cynomys spp.) have experienced major population declines due to four main factors: 
poisoning, habitat conversion, recreational shooting, and outbreaks of plague (caused by the bacterium Yersinia pes-
tis). Plague is arguably the most important of these factors and is the only one that cannot be controlled by increased 
regulation. In addition to impacting prairie dogs directly, plague also indirectly and directly impacts the endangered 
black-footed ferret (Mustella nigripes), which feeds exclusively on prairie dogs and also is susceptible to plague. 
Despite almost 100 years of research, the ecology of plague in North America remains poorly understood but phylo-
geographic analysis of Y. pestis is beginning to provide new insights. We will discuss the history of plague in North 
America, the negative effects of this disease on prairie dog populations, and possible means to mitigate these negative 
effects, including prairie dog translocations, oral vaccines, and the development of natural resistance to plague.

Valuing the Verde River: Community Input for Decision-Making 

West, Patricia A.1, Sarah Viglucci2, Dean Smith3, and William Auberle1

1Ecological Monitoring & Assessment Program, Northern Arizona University, Patty.West@nau.edu, William.
Auberle@nau.edu; 2Northern Arizona University, slh325@nau.edu; 3Professor of Economics and Applied Indigenous 
Studies, Northern Arizona University, Dean.Smith@nau.edu

The Verde River Ecosystem Values Project is a study designed to be the first phase of a series of studies to value the 
ecosystem services of the Verde River and its watershed. Interviews were conducted with 35 anonymous community 
leaders who live, work, or manage some aspect of the watershed (or a combination of the three). The interviews have 
resulted in a large list of values for the watershed and provide a starting point for more studies. This report includes 
preliminary analysis of the data collected from these interviews, a brief literature review on ecosystem services, and 
recommendations for future research. This study found that the most valued aspect of the river is not as a place to get 
things from, but as an entity that is valued for its very existence for a wide variety of reasons, most of which are cat-
egorized as “cultural” using the Millennium Ecosystem Assessment (2005) criteria. These cultural values contribute to 
the quality of life of residents of the area and the entire State of Arizona, as well as visitors who provide the area with 
much of its economic base.



The role of conservation biology in the establishment of a natural heritage 
system for the Oak Ridges Moraine, Ontario Canada 

Whitelaw, Graham1, Paul F. J. Eagles2

1School of Planning and School of Environmental Studies, Queen’s University, Ontario, Canada, whitelaw@queensu.
ca; 2School of Planning, University of Waterloo, Ontario, Canada, eagles@healthy.uwaterloo.ca

We explored the role of conservation biology in the establishment of a natural-heritage system situated primarily 
on private lands in the Oak Ridges Moraine of Ontario, Canada. We based our review on government records and 
interviews with participants involved in this land-use planning process, and our involvement with the issue from 1990 
through 2002. Conservation biology had a major influence on the outcome of the natural heritage system design for 
this moraine. The landform was identified as an area of value by the environmental movement within the context of 
a number of ongoing government studies that began in the late 1980s. Conservation biologists and planners work-
ing for government, environmental movement, and private sector carried out work related to conservation biology, 
including inventories and the development and application of criteria for the delineation of a natural heritage system. 
Once the political timing was favorable (2001–2002), decision makers linked the science of conservation biology to 
land use plan development. The Oak Ridges Moraine land-use planning process was precedent setting. This is the first 
time long, wide conservation corridors on private lands were regulated through land-use-planning legislation and led 
to restrictions on urban development and aggregate resource extraction (Whitelaw and Eagles, 2007). Whitelaw, G., 
and P.F.J. Eagles, (2007). Planning for Long, Wide Corridors On Private Lands in the Oak Ridges Moraine, Ontario, 
Canada, Conservation Biology, 21(3), 675-683.

VOLUNTEER STEWARDSHIP: A CRITICAL COMPONENT OF COLLABORATIVE CONSERVATION 
NETWORKS

WIGGINS, TRAVIS1

1Grand Canyon Trust, 2601 N. Fort Valley Road, Flagstaff AZ 86001 twiggins@grandcanyontrust.org

The Grand Canyon Trust is a regional, non-profit conservation organization that advocates collaborative, common 
sense solutions to the significant problems affecting the Colorado Plateau’s natural resources. Since 2005, our volun-
teer program has logged over 36,000 hours of volunteer work on environmental restoration projects and conservation 
research. That is roughly equivalent to work of 7 full time employees. Our program has demonstrated that volunteers 
benefit both our organization and our partners by building community support for conservation work, allowing the 
community to directly invest time in public lands, and allowing organizations to leverage the capacity of a volun-
teer program to attract more funding and resources. We work with land management agencies such as the US Forest 
Service, the Bureau of Land Management, The Arizona Game and Fish Department, and the National Park Service. 
We also work with Native Tribes from the region, including the Navajo and the Kaibab Paiute. A list of partnering 
organizations and institutions includes Northern Arizona University, Montana State University, the Sierra Club, the 
American Hiking Society, Lewis and Clark College, Landmark Volunteers, and the Museum of Northern Arizona. We 
engage volunteers in important projects with multiple partners. Our Spring Stewards Program is training volunteers 
and sending them into the field to monitor springs on the Colorado Plateau alongside agency hydrologists working 
with the US Forest Service and the National Park Service. Our Budding Botanist Program trains volunteers in botany, 
and then sends them into the field with researchers from NAU, the Phoenix Desert Botanical Garden, the Museum of 
Northern Arizona, and the Flagstaff Arboretum. On our annual Rim to River Trip, high school aged volunteers from 
around the country work with Grand Canyon Trust, Grand Canyon Youth, and the National Park service to do impor-
tant conservation work in Grand Canyon and on the Kaibab Plateau. 

Abstracts of Presented Papers and Posters    117



118    10th Biennial Conference for Research on the Colorado Plateau 

MICRO AND MACRO PALEOETHNOBOTANY IN THE GRAND CANYON RIVER CORRIDOR: THE 
PALISADES SITE

WRIGHT, MARY JANE1

1Northern Arizona University Masters Thesis, Department of Anthropology, Flagstaff, 
AZ 86002

The Grand Canyon remains an important cultural landscape to eleven tribal groups, international and national visitors, 
and to the archaeological record of the Southwest. This paper explores the paleoethnobotanical record of the Palisades 
Site (C:13:0099) within the inner Canyon and integrates two avenues of inquiry that study relationships between 
prehistoric peoples and plant use during the Early Pueblo II Period (A.D. 1000-1075). The macrofloral and pollen 
record from the Palisades site provide evidence for the use of a spectrum of wild plants in the river corridor, as well 
as cultivation of important Southwest plant species. The synthesis of palynology and macrobotany provides a picture 
of plant use at Palisades as well as a persuasive example of the efficacy of using two avenues of inquiry to examine 
prehistoric plant use.

ECOSYSTEM CARBON BALANCE UNDER CLIMATIC MANIPULATIONS ALONG AN ELEVATION 
GRADIENT

Wu, Zhuoting1, George W. Koch1, Paul Dijkstra1, and Bruce A. Hungate1

1Department of Biological Sciences and Merriam-Powell Center for Environmental Research, Northern Arizona 
University, Flagstaff, AZ 86011, Zhuoting.Wu@nau.edu, George.Koch@nau.edu, Paul.Dijkstra@nau.edu, Bruce.
Hungate@nau.edu

We manipulated air temperature and precipitation to study ecosystem responses to climate change along an elevation 
gradient in northern Arizona covering a broad range of climatic regimes. Our study sites focused on grass-dominated 
habitats along an elevation gradient, including mixed conifers (MC), ponderosa pine forests (PP), pinyon-juniper 
woodlands (PJ), and high desert grassland (GL). A soil downward transplant experiment was initiated in 2002 to sim-
ulate warmer temperature expected with doubled atmospheric CO_2 concentration, and two precipitations treatments 
(+50% and -30%) were applied to the original and transplanted soil monoliths. Increased precipitation enhanced gross 
primary production (GPP) and respiration, and experimental warming also stimulated respiration. Warming increased 
GPP more than respiration in PP site, resulting in an increase in C gain, but the opposite for MC sites. Interactions 
between warming and precipitation treatments also existed. Warming and reduced precipitation decreased C gain in 
the dry season, whereas enhanced C gain during monsoon season. The highest respiration was observed in response 
to the combination of warming and increased precipitation in the monsoon season. Our experiment showed differ-
ent responses of four ecosystem to simulated climate change, and the importance for multi-factor manipulations to 
explore interactive effects of future climate change.


