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Introduction
Conservation in Mountain Landscapes

Mountain landscapes:
• High importance for conservation
• Land use constrained by topography, soil, 

climate
• Technology now allows pursuit of natural 

amenities
• Now face rapid population growth
• Challenges and opportunities for 

conservation



Wildland Loss

1993-2009
Wildlands Protected: 2.5 million km2

Wildlands lost: 3.3 million km2

10.6% loss of large wildands

Watson et al. 2016

https://www.disappearingwest.org/

“The Disappearing West” 
Between 2001 and 2011, a football field’s worth of 
natural area in the West disappeared every 2.5 minutes

National Wildlife Federation



Introduction
Topics

• Population growth
• Drivers of sprawl
• Influence on wildlife
• Opportunities for conservation



Population Growth
Challenges



Population Growth
Population Change 1900-2010
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Population Growth
Correlates



Housing Density
Census Tract: Change in Housing Density 1990-2010
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Overall drivers of population growth:
• Access to transport and urban areas 

increases population growth
• New West growing faster than Old 

West
• Natural amenities increases growth 

in New West
• Places with dry-extreme climate 

growing faster



Land Use 
National Land Use Data Set 2010

Content may not reflect National Geographic's current map
policy. Sources: National Geographic, Esri, DeLorme, HERE,
UNEP-WCMC, USGS, NASA, ESA, METI, NRCAN, GEBCO,
NOAA, increment P Corp.
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Land Use Change
National Land Use Data Set 

Trajectories of change 2000-2010 
(private lands)

Land use intensification 
2000-2010



Content may not reflect National Geographic's current map
policy. Sources: National Geographic, Esri, DeLorme, HERE,
UNEP-WCMC, USGS, NASA, ESA, METI, NRCAN, GEBCO,
NOAA, increment P Corp.

Land Use Change
National Land Use Data Set 

Land use 
intensification 

2000-2010



Influence of Sprawl on Wildlife
General Mechanisms

Habitat destruction

Biotic interactions

Constraints on natural disturbance Human Disturbance



Pets (dogs, cats)
Water pollution
Mesocarnivores
Weedy plantsPublic land

Influence in Wildlife
RRD Footprint



Gallatin Valley 2010

Hansen and Phillips 2016

GYE Developed area



Habitat Type Proportion Overlaying Land 
Use Development

Private 
Lands

All Lands

Aspen 56 27
Riparian habitat 89 57
Sage/grassland 68 39
Upland woody 
deciduous

63 32

Douglas fir forest 50 25
Subalpine 
coniferous forest

50 10

Bird hot spots 65 41
Irreplaceable 
areas
Pronghorn 66 51
Moose 64 44
Grizzly bear 61 13
Elk winter 56 30

Ecological Consequences  
Habitat Fragmentation

Hansen and Phillips 2016



Yellow warbler

Biotic Interactions:
Home Effects on Bird Reproduction
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) Yellow Warbler in Hot spots:
Cowbird Parasitism rate – 44%

Nest Success – 22%

Similar nest success for other cup-
nesting species susceptible to 

cowbird parasitism. 

Homes near hotspot habitats

Hansen and Rotella 2002



Modeled sources (white) and sinks (blue, 
orange) based on a female survival cutoff of 0.9. 

Survival

85% of mortality was human caused

Survival rates were lower outside of YNP

Correlates were:

Winter severity

Security (outside of road zone)

Distance from home

Development density

Schwartz et al. 2010.

Ecological Consequences  
Grizzly Population Growth



Johnson et al. 2017

Housing Density
Sprawl Effects on Mule Deer 1980-2010



A Framework for Sustaining Wildlands
GWEs can better be sustained by application of a framework that focuses on public and private 
collaborative conservation within GWEs, and considers GWEs as components within a national network.



1. Pilot Greater Wildland Ecosystems
A Framework for Sustaining Wildlands



A Framework for Sustaining Wildlands
2) Empower Network Governance 

Large landscape = Multiple stakeholders

‘network governance’ - emerges when people realize that they cannot 
solve a particular problem by acting independently and that their 

interests may be better served through collaboration.

Challenges: 
no central authority for decision making or even facilitation 

“wicked” problems which are difficult to articulate 
lack of shared vision 

lack of resources and capacity  



Working together to:
- conserve and restore lands of importance for local 

communities and to protect ecological integrity

- bring $36.5 million in Land & Water Conservation funding 
to the landscape

Shared Priorities
Working family RANCHLANDS 

Continental-scale CONNECTIVITY 
Wild RECREATION lands and 

waterways
HEADWATERS for world-class 

fisheries 
NATIONAL HISTORIC TRAILS

SAGE GROUSE habitat
PUBLIC ACCESS

Habitat in WILDLAND URBAN 
INTERFACE

Network Governance
High Divide Collaborative



3. Evaluating Trends in Condition
A Framework for Sustaining Wildlands



3. Evaluating Trends in Condition
A Framework for Sustaining Wildlands



Regulatory prohibitions and requirements 
Government forces implementation. 
Examples: Northwest Forest Plan; Yellowstone Grizzly bear recovery plan. 

 
Government-lead cooperation 

The government facilitates diverse entities to cooperate in achieving solutions as an 
alternative to government imposing solutions. 
Examples: Sage Grouse Initiative; Alliance for the Chesapeake Bay  

 
Direct incentives for private conservation action 

Public or private entity purchases land, conservation easements, tax incentives. 
Examples: American Prairie Reserve; Trust for Public Land 

 
Education and marketing 

Information is provided on benefits of conservation and ways to sustain ecosystem 
health. 
Examples: NRCS riparian management training kits: NPS and Subaru National Parks 
campaign  

 
Market creation and improvement 

Businesses that benefit from healthy ecosystems are enabled  through market tools.  
Examples: Sustainable forestry certification 
 

Collaborative Conservation 
Diverse stakeholders collaborate to develop and implement the programs. 
Examples: Crown Management Partnership; High Divide Collaborative 

 

4) Employ Conservation Instruments
A Framework for Sustaining Wildlands



Public land
Easement

4) Employ Conservation Instruments: Conservation Easements
A Framework for Sustaining Wildlands



4) Employ Conservation Instruments: Education for Individuals
A Framework for Sustaining Wildlands

Effective communication materials for how to have a 
“lighter touch” on the ecosystem:

Ranch managers

Exurban residents

Backcountry Recreationalists

City managers



A Framework for Sustaining Wildlands
GWEs can better be sustained by application of a framework that focuses on public and private 
collaborative conservation within GWEs, and considers GWEs as components within a national network.



Conclusions

Population growth and land use intensification is expanding rapidly across 
the region and will likely continue into the future.

The resulting sprawl has the potential for strong negative impacts on 
wildlife

Critically needed is national policy on applying large landscape 
conservation planning across there remaining large wildland ecosystems.
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Our Playground Is Their Home:
Recreation and Wildlife

Sarah E. Reed Wildlife Conservation Society
Courtney L. Larson Colorado State University

Draft
 - p

leas
e do not cir

culate



95%
40%
$887

protected lands are open to 
public access

increase in recreation activity

billion in annual consumer 
spendingDraft
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© NPS

“To conserve… the wild life 
therein and to provide for the 
enjoyment of  the same…”
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Outline
1. What do we know?

2. How much does it matter?

3. What do we need to know?
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1. What do we know?
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Studies of  recreation and wildlife

Larson et al. (2016)
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Studies of  recreation and wildlife

Larson et al. (2016)

Urbanization
Recreation
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Studies of  recreation and wildlife

Larson et al. (2016)

Climate�change
Urbanization
Recreation
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Studies of  recreation and wildlife

Larson et al. (2016)
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Studies of  recreation and wildlife

Larson et al. (2016)
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Effects of  recreation on wildlife

Larson et al. (2016)
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Effects of  recreation on wildlife

Larson et al. (2016)
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Effects of  recreation on wildlife

Larson et al. (2016)
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Effects of  recreation on wildlife

Larson et al. (2016)

0% 25% 50% 75% 100%
Significant�effects

0% 10% 20% 30%

other
wildlife�feeding
snowshoeing

motorized�(snow)
crossͲcountry�ski

alpine�ski
unknown�(terrestrial)

fishing�(shore)
rockclimbing

beach�use
motorized�(land)

running
camping

equestrian
dogͲwalking

biking
wildlife�viewing�(land)

hiking
unknown�(aquatic)

boat�(nonͲmotorized)
motorized�(boat)

wildlife�viewing�(boat)
swimming

Articles

Aquatic

Terrestrial

SnowDraft
 - p

leas
e do not cir

culate



Effects of  recreation on wildlife

Larson et al. (2016)
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Effects of  recreation on wildlife

Larson et al. (2016)
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Effects of  recreation on wildlife
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2. How much does it matter?
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Effect on species richness

Larson et al. (in preparation)

Birds

Mammals

Effect�size
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Banks & Bryant (2007)

© Wildwalks
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Effect on wildlife abundance

Larson et al. (in preparation)
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Effect�size
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© Wenatchee World

Seip et al. (2007)
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Effect on bird abundance

Larson et al. (in preparation)

Birds of  prey
Waterfowl

Nighthawks
Wading birds

Cuckoos
Falcons

Perching birds

Effect�size

Draft
 - p

leas
e do not cir

culate



3. What do we need to know?
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What we know What we need to know

Most studies focus on birds (39%) or 
mammals (37%)

Which species are most sensitive to 
disturbance by recreation?
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What we know What we need to know

Most studies focus on birds (39%) or 
mammals (37%)

Which species are most sensitive to 
disturbance by recreation?

A majority (52%) of  studies focus on 
individual-level effects of  recreation

What are the consequences of  
recreation for populations and 
communities?
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recreation for populations and 
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The greatest proportion of studies 
(25%) focus on hiking 

How do different recreation activities 
impact species differently?
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What we know What we need to know

Most studies focus on birds (39%) or 
mammals (37%)

Which species are most sensitive to 
disturbance by recreation?

A majority (52%) of  studies focus on 
individual-level effects of  recreation

What are the consequences of  
recreation for populations and 
communities?

The greatest proportion of studies 
(25%) focus on hiking 

How do different recreation activities 
impact species differently?

Most studies (80%) measure recreation 
as a categorical variable

What are the thresholds of  recreation 
disturbance—number of  visitors, 
spatial distribution, or timing?

Few studies (35%) are experimental or 
test management alternatives

What are options for managing the 
effects of  recreation, and are they 
effective?
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“A shame, isn’t it, that humans 
who want to commune with 

nature have to feel guilty because 
there’s too little of  it remaining?”

“Having hiked more than a few 
times, I have noticed that I tend to 

disturb birds… Somehow, I still 
find a way to sleep at night.”

“OK! I get it… I’m a filthy human 
who leaves a wake of  delayed 

death and environmental havoc 
just by existing on the planet!”

“If  the animals can’t survive my 
going on a hike past them, then 

they’re really not going to 
survive…”

“Discouraging people from 
communing with nature in low-

impact ways can only lead to 
wholesale destruction of  the 

environment through 
disconnection & apathy.”
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RUNNING THROUGH THE SCIENCE 
OF CLIMATE CHANGE for MONTANA

FutureWest Symposium
Bozeman, MT

Steven W. Running
Numerical Terradynamic Simulation Group
College of Forestry and Conservation
University of  Montana

November 29, 2017



Trend in Annual Ave Temperature
Deg/10yr, 1950 - 2015

Montana Climate Assessment 2017



Trend in Annual Ave Precipitation
Deg/10yr, 1950 - 2015

Montana Climate Assessment 2017



Downscaling global models for regional studies



Projected monthly change in average temperature (°F) for each climate 
division in Montana between 2040 and 2069 for RCP4.5 and 8.5 

Montana Climate Assessment 2017



Precip Projections and Seasonality

Montana Climate Assessment 2017



Projected monthly change in # frost free days (°F) for each climate 
division in Montana between 2040 and 2069 for RCP4.5 and 8.5 

Montana Climate Assessment 2017



IPCC - WGI

Calculus of extremes

Standard deviation

1 in 40 yr high range

The distribution of weather events 
around the climatic average often 
follows a ‘bell-shaped’ curve.

Climate change can involve change 
in the average, or the spread 
around the average (standard 
deviation), or both.

A shift in the distribution 
of temperatures has a 
much larger relative effect 
at the extremes than near 
the mean.

A shift of 1 standard 
deviation makes a 
1 in 40 yr event into 
a 1 in 6 yr event



Wildfire future trends
Larger Fraction of the Landscape Vulnerable 

for a Longer period of Time, 
more high intensity fires



Portable biomass electricity generator

Need new strategies to combine wildfire 
fuel reduction with bioenergy production



BIOENERGY SYSTEM DESIGN



By 2050 Global Climate Models project 
Montana to be 5deg F. warmer in 

summer, but receive 10% less rainfall

Water Management
Recreation vs Agriculture vs Energy

MT Will need +1inch/decade precip increase



IF SOCIETY IS NOT WILLING TO STOP BURNING 
COAL, THERE IS NO CHANCE THAT GLOBAL 

TEMP CHANGE CAN STAY <2.0 DEG

Lets focus on coal mine reclamation 



SMALL SCALE WATERSHED STORAGE

BEAVER PONDS

SNOW FENCES

STOCK PONDS



GLOBAL CROP PRODUCTION WILL NOT KEEP UP 
WITH POPULATION GROWTH to 2050

D.K. Ray et al PlosOne 2013



And now about Changing Diets!

• Longer growing seasons, easier winters and higher 
CO2 give the potential for increased agricultural 
production.

• BUT will require new strategies, see Agriculture 
chapter of 2017 Montana Climate Assessment

MONTANA AGRICULTURE
COULD BENEFIT 



OPPORTUNITIES FOR MONTANA 
NATURE-BASED TOURISM IN A 

CLIMATE CHANGE WORLD



TOURIST CLIMATE MIGRATION??
Will tourists 
quit going here

And come 
here!!



CHANGING SEASONAL BALANCE

Less of This More of This



WARMER TEMPS, LONGER SEASON





CLIMATE
CHANGE
STUDIES

A NEW MINOR OFFERED 
BY THE UNIVERSITY OF 
MONTANA

•Offers students a unique, 
multidisciplinary understanding of climate 
change

•Involves students in developing solutions

•Open to students from all majors

•Joint program of the College of Forestry 
and Conservation, College of Arts and 
Sciences, School of Law, and College of 
Technology

ccs@umontana.edu
www.cfc.umt.edu/CCS
Dr. Steven Running, Director
Climate Change Studies Program





Building 
Community 

Conservation 
Champions

Skye Schell
Executive Director

Jackson Hole 
Conservation Alliance







Issue 
Advocacy

Leadership 
Development 

Basebuilding Civic 
Engagement

Agenda (22)

Grassroots 
Organizing

Politics

Our Challenges
• Too much rural development
• Conflicts with wildlife in neighborhoods
• 114 mule deer, 35 elk, 15 moose killed
• Agencies lack independence and tools
• Recreation in critical wildlife habitat
• Not safe/easy to walk, bike, or take transit

+ plans to widen highways
• People who work here can’t afford to live 

here
• Addicted to fossil fuels
• 96% food imported
• 34% waste diverted
• Polluted creeks
• Increased risk of wildfire

Climate change

Our Vision
• Walkable neighborhoods 

surrounded by protected open 
space, ag. lands, connected 
habitat

• Healthy, abundant, sustainable, 
wild wildlife populations

• Freedom to safely walk, bike, or 
take transit + no fat highways

• 2/3 of diverse workforce can 
afford to live here

• Clean energy economy of future
• Local/regional food system
• 60% waste diversion
• Clean creeks
• Prepared for wildfire

Community living 
in balance with 
nature



Issue 
Advocacy

Leadership 
Development 

Basebuilding Civic 
Engagement

Agenda

Grassroots 
Organizing

Politics



Policy agenda



Issue 
Advocacy

Leadership 
Development 

Basebuilding Civic 
Engagement

Agenda

Grassroots 
Organizing

Politics



Elect

LobbyHold 
accountable

Civic Engagement



Lobby



Lobby



• Image of public lands

Hold accountable



Engage voters in elections



#PhoneBankHouseParty



New Voter Project



Issue 
Advocacy

Leadership 
Development 

Basebuilding Civic 
Engagement

Agenda

Grassroots 
Organizing

Politics



Conservation Leadership Institute



Conservation Champions



A vision for the future


