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• Refuge- a condition of being safe or sheltered from pursuit, danger, or 
trouble.

– In ecology: The term has also been used to denote areas protected 
from anthropogenic disturbance (e.g. reserves)

• Refugia are habitats that components of biodiversity retreat to, persist 
in and can potentially expand from under changing environmental 
conditions

Refuge vs. Refugia



Refugia and Climatic Change



Human Footprint

➢ movement/rewilding

➢ cold water

➢ forest habitat/climate 

➢ fire refugia                         

Refugia 



Intact Forest Landscapes: A Refugia System
• High integrity watersheds

• Strongholds for biodiversity 

(endangered species)

• Contain most of the 

remaining old growth forests  

• Vital refugia where natural 

ecological and evolutionary 

processes operate 

• Contain entire natural 

mosaics of ecosystems

• Buffer and regulate local 

climate

• Larger areas are of strategic 
significance but smaller areas 
are also important especially 
in temperate forest biome

• Cultural Values

Original extent

Remaining extent 



• Shows where protections would be most 
effective for climate mitigation, conserving 
biodiversity, and protecting water 

• Federal (Public Lands) comprise 61–62% of high 
preservation priority forest

• Oregon has the largest forest area, but the lowest 
proportion protected of all eleven states (~10%)

• Substantial progress could be made by 
protecting roadless and undeveloped lands 

– Inventoried Roadless Areas 24–28% of the 
high priority Federal lands

Oregon has more roads, 

less protected forest



Forest Habitat, Carbon, and Drinking Water

IPCC Report C.3.6 Maintaining the resilience of 
biodiversity and ecosystem services at a global 
scale depends on effective and equitable 
conservation of approximately 30% to 50% of 
Earth’s land, freshwater and ocean areas, 
including currently near natural ecosystems. 

• Includes terrestrial resilience metric



• Oregon’s largest  
ecoregion (most 
forest area)

• Key connector 
between Cascades 
and Rockies

• Important for 
addressing climate 
change

• Cultural diversity

The Blue 
Mountains



Movement and Rewilding Refugia



Blue Mountains: 
Mega-Wildlife Corridor

Migrations in Motion
This map shows the average direction that 

mammals, birds, and amphibians need to move 

to track hospitable climates as they shift across 

the landscape.

- The Nature Conservancy

See 
detail at 
right

Mammals

Birds



“Because roads crisscross 
so many forested areas of 
Eastern Oregon, existing 
roadless regions have 
enormous ecological value. 
Unfortunately, few of these 
remaining areas are 
protected.” —Henjum 
Report 1994

Distance between protected areas (miles)

Enough roads built 

in Blue Mountains 

National Forests to 

circle the globe

Wilderness

National Forest



• North Fork John Day 
Wilderness (red) and 
roadless areas (bold black). 

• Large roadless areas show 
high permeability equal to 
Wilderness areas

High

Low

Landscape permeability - a measure of how easily species can move 
through the landscape

Permeable Pathways



Crucial Connections



Joseph Canyon: Nez Perce Precious Lands
NPTEC Tour July 2022

Ananasocum, Place Where Condors Nested

Growing an Ethical, Inclusive, Adaptive Restoration and Healing Economy…



Eagle Cap - Hells Canyon Connector

Lake Fork Roadless Area



• High quality wildlife 
habitats

• Key corridors for plant 
and animal movement

• Contain old growth 
forests

• Natural  wildfire benefits

2.2 million acres of 

unprotected lands

Blue Mountains 

Roadless Lands



The Rewilding Blues



Cold Water Refugia



Mountains and Clean Cold Water



Blues headwaters 

David Jensen

Blue Mountain Watersheds

Wallowa Mountains
Forests 2020, 11, 1201; doi:10.3390/f11111201 

Roads are one of the greatest sources of habitat degradation. Roads significantly elevate onsite erosion and sediment delivery, 
disrupt subsurface flows essential to the maintenance of baseflows, and can contribute to increased peakflows. Roads within 
riparian zones reduce shading and disrupt LWD sources for the life of the road. These effects degrade habitat by increasing fine 
sediment levels, reducing pool volumes, increasing channel width and exacerbating seasonal temperature extremes -  
Rhodes, et al. 1994. Technical report 94-4. Columbia River Inter-Tribal Fish Commission. 

Seventy-five percent of terrestrial species known to occur in the Blue Mountains either 

depend directly on riparian zones or use them more than other habitats – Henjum Report 1994



Water Towers

Elkhorn Mountains



Summer Snowfields and Water Supply

Strawberry and Aldrich Mountains



Major River Corridors

David JensenGrande Ronde River Roadless Area

Lookingglass Creek has a 

cooling effect on the Grande 

Ronde River, decreasing the 

temperature by about 10°F at 

their confluence in mid-

summer – 
Umatilla National Forest Review of Areas with 

Wilderness Potential



Forest Habitat – Climate Refugia



Blue Mountains Forests are Incredibly Diverse

Mildrexler et al. 2016

Fir/Spruce Hemlock type 12°F cooler in 
summer than Ponderosa Pine



Thermal Refugia



Species and Carbon Rich Forests

David Jensen

Huckleberry Mountain 

Roadless Area



Oregon’s Largest Ecoregion is at a Crossroads

https://columbiainsight.org/oregons-largest-ecoregion-is-at-a-crossroads/



Fire Refugia



Roads Increase Fire Risk

"One of the most fundamental concepts in fire, especially in terms of fire 

geography, is that roads are the dominant place where you see 

ignitions" - Alexandra Syphard, senior research scientist with the 

Conservation Biology Institute and the director of science for the Global 

Wildfire Collective

• Fire ignitions from human activities accounted for 84% of all 

wildfires and 44% of total area burned from 1992 to 2012 (Balch et 

al., 2017). 

– Change distribution of ignitions

– Shift seasonality of burning

– Alter available fuels



Hells Canyon National Recreation Area

Imnaha River Headwaters Roadless Area



Current fire management may 

be altering or removing fire 

refugia needed for the 

establishment, persistence, 

and movement of organisms. 

Lower Joe Restoration Project



Big Trees = Big Carbon

Results: Only 3% of trees in 
Eastern Oregon National 
Forests are 21 inches or larger, 
but they hold almost half the 
overall aboveground carbon. 



Beaver Fire Refugia



Large 
Connected 
Intact 
Landscapes

A Blue Mountains Reserve System



Thank you!



Predictive Modeled Results
Of California condor habitat
        (D’Elia et al. 2015)

Condors, Big Trees, and Wildlands



Blue Mountains Trail Connects Reserves and Roadless 



Urgency of Near-Term Integrated Climate Action 

C.1 Climate change is a threat to human well-being and planetary health.

There is a rapidly closing window of opportunity to secure a liveable and sustainable future for all. 

The choices and actions implemented in this decade will have impacts now and for thousands of years. 

C.3.6 Maintaining the resilience of biodiversity and ecosystem services at a global scale depends on 
effective and equitable conservation of approximately 30% to 50% of Earth’s land, freshwater and ocean 
areas, including currently near natural ecosystems. 

The latest IPCC report makes this all very clear…

This is the planetary boundary on land



Conservation Legacy



Deep vs. Shallow Pools
• Old forests feature great vertical height (full of water), dead wood holding moisture and epic biomass. 
• Plantations are shorter, with little dead wood and lower biomass

“The high biomass is like a big swimming pool,” Matt Betts, Professor, Oregon State University’s Forest Ecosystems and 
Society who specializes in forest birds and microclimates.”

Big deep pools stay colder longer than shallow, small 
ones. That makes older forests more habitable to a wide 
array of species.





Precision Restoration and Wilderness Manageability

Private forestlands



• C2C Capacity Building - $5,000 Rising Voices/UCAR

• Indigenous Relations Liaison - $25,000 Catalyst Fund

• The Seasonal Round Trail: A Cross-Cultural Framework for Climate Adaptation - 
$100,000 Salazar Center

• Wéetespeme stewardship program - $629,000 NSF

• The Seasonal Round: A Cross-Cultural Framework for Climate Adaptation - 
$57,500 WCS Climate Adaptation Fund

• Resourcing Community Leadership in the Camas to Condors Partnership - 
$25,000 Roundhouse Foundation 

• Camas to Condors: Biocultural Restoration Planning for Ananasocum - $2 
million America The Beautiful Challenge (2023)

Growing an Ethical, Inclusive, Adaptive Restoration and 

Healing Economy…

Camas to Condors Partnership Awards (2020 – present) 



The Global Carbon Budget

Forests drive the land carbon sink

Earth’s 
resilience 
has kept our 
planet in a 
stable state

Forests remove about 
30% of the additional 
carbon dioxide that we 
add to the atmosphere



Joseph Canyon



Fire can Benefit 
the Blues



water

carbonbiodiversity

Forest
Refugia 
System 

Forest Protection 

is Crucial 

Urgency of Near-Term Integrated Climate Action 
C.1 The choices and actions implemented in this 
decade will have impacts now and for thousands 
of years. 

C.3.6 Maintaining the resilience of biodiversity and 
ecosystem services at a global scale depends on 
effective and equitable conservation of 
approximately 30% to 50% of Earth’s land, 
freshwater and ocean areas, including currently 
near natural ecosystems. 



Complex Topography and Waterways

Low HighElevation
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