
Sierra Climate Change Refugia 
Conservation Workshop



DOI Climate Science Centers



Sierra Nevada Climate Change Refugia -
Workshop Goals

• Learn about Climate Change Refugia Conservation

• Draft a priority resource list

• Identify relevant decision points and management 
actions

• Begin gathering relevant resources

• Initiate the SW RRC!



RRC



What Species/Resources to 

Focus Refugia Conservation on?

       

      
        

    

   

   
      

  

   

          

               

     

          

          

         

        

         

         

         



J. Tank

Translational Ecology
An intentional process by which ecologists, stakeholders, and decision-

makers work collaboratively to develop scientific research via joint

consideration of the sociological, ecological, & political contexts of an

environmental problem that results in improved decision-making.

Enquist et al. 

Frontiers in Ecol. & the Environ. 2017



Yale 360

Climate 

Change 

Adaptation



Climate Adaptation Options

• Enable Response to Change

– Promote connectivity

– Diversify seed sources & activities

– Translocations

• Promote Resilience to Change

– Forest thinning

– Restoration of  incised banks

– Make snow at ski areas

• Create Resistance to Change

– Fire breaks

– Intense removal of  migrants

– Reduce disturbances Millar et al. 2007 Eco Apps



Areas relatively buffered from contemporary climate change that 

enable persistence of valued physical, ecological, and socio-cultural resources



• Morelli et al. 

Morelli et al. In Press
Frontiers in Ecology & Evolution



Biodiversity in the Slow Lane

Morelli et al. In Press

Frontiers in Ecology & Evolution



Morelli et al. 2016

PLOS ONE Inspired by the CSCC, Stein et al. 2014



Climate Change Vulnerability Assessments

• Used as an initial step in adaptation planning

• Identify species and habitats at greatest risk from climate change

• Descriptions of why species/habitats are vulnerable

• Provide index of relative vulnerabilities 

• Inform conservation strategies 
designed to reduce those vulnerabilities

Huntley et al. 
2016



Morelli et al. 2016

PLOS ONE Inspired by the CSCC, Stein et al. 2014



a) Target Refugial Processes

Identify Climate Change Refugia



Examples of  the physical basis for climate refugia

Morelli et al. 2016



a) Target Refugial Processes

b) Model Stability Based on Recent or Future Climate

c) Locate Areas of  High Resource Persistence or Diversity

Identify Climate Change Refugia



Barrows et al. In Press
Frontiers in Ecology & Evolution



Morelli et al. 2016

PLOS ONE Inspired by the CSCC, Stein et al. 2014



Mapping resilient landscapes across the Northwest

Identifying complex, connected landscapes 

that are resilient to climate change

For more information: kpopper@TNC.org

topoclimate diversity + permeability = terrestrial resilience

mailto:kpopper@TNC.org


Mapping and modeling of fire refugia

• Mapping of unburned or lightly burned 

islands of vegetation—fire refugia.

• Recently completed for 2300 fires 

across the Northwest.

• Meddens et al. 2016

For more information: ameddens@uidaho.edu; meg.Krawchuk@oregonstate.edu

• Framework for predicting fire refugia 

from fire weather and topography

• Links fire refugia to enduring landscape 

features

• Krawchuk et al. 2016

mailto:ameddens@uidaho.edu
mailto:meg.Krawchuk@oregonstate.edu


Krawchuk/Meigs et al. In Press
Frontiers in Ecology & Evolution

Disturbance Refugia



IBHS



Wilkin et al. 2016



Mapping “genetic refugia” in whitebark pine forests

Identification of refugia (blue areas) based on 

favorable genetic attributes:

• blister rust resistance 

• cold hardiness

• drought tolerance

• genetic diversity

Only 1% of refugia occur in designated 

wilderness areas

For more information: mmahalovich@fs.fed.gov

mailto:mmahalovich@fs.fed.gov


“Climate Shield”

Isaak et al. 2015

GCB

USFWS



Ebersole et al. In Press

Frontiers in Ecology & Evolution

Networks of cold water refuges



Sequoia Groves as Refugia?

Stephenson et al. 



What 4 resources (species, etc.) should 
be the focus of refugia planning?

Go to www.menti.com and use the code 50 75 8







Mann & Gleick 2015 PNAS

Record CA Warming



Montane Meadows

• Botanically diverse

• Important to animal communities

• Critical to hydrological function

• Significant to recreation and economy



Morelli et al. 2016

PLOS ONE

Maintain montane 
meadow habitats in the 
Sierra Nevada, w/a 15-
20 year planning cycle; 
consider 50-100 year 
climate projections

Reduced moisture availability 
and precipitation; disruption 
of species synchronicity; 
vegetation shifts; increased 
recreation impacts from more 
visitors and longer seasons

Maintain sufficient 
montane meadow 
habitats to protect 
critical ecosystem 
services in prioritized 
watersheds



Modeling 

Climate Stability
~17,000 meadows

Fryjoff-Hung & Viers, 2012. http://meadows.ucdavis.edu/

• Diff 1970-1999 & 1910-1939

• PRISM ds to 270m 

• Basin Characterization Model 

(Flint et al. 2013)



Mapping Climate Change Refugia

Maher, Morelli et al. 2017

Ecosphere

Annual T
Δ <1°C

Max T
Δ <1°C

Min T
Δ<1°C

Annual P
Δ<10%



Steps for Managing 

Climate Change Refugia



Testing the Climate Refugia Map
~17,000 meadows



Belding’s Ground Squirrel 
(Urocitellus beldingi)

• Habitat specialist

• Group-living

• Highly detectable

• Hibernator



Grinnell Surveys (1900-1939)



Grinnell Resurveys (2003-2011)



Site Extirpations (N=31)

Site Persistence (N=43)

Morelli et al. 2012 Proc B

42% Rate of Site Extirpations Across CA

Original Surveys: 1902-1966 

Resurveys: 2003-2011

Detectability (p) > 0.995 for 2+ visits



* All Sig at p <0.05 except SWE

Climate Change Refugia 

Predict Persistence

Morelli et al. 2017

Climate Change Responses
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2-Samp Wilcox. 
Test

**p <0.001

***p <0.0001

Climate Change Refugia 
Predict Occupancy

***
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Temperature correlates 
with Genetic Diversity

Modern Minimum Temperature (°C)

p = 0.002
R2adj = 0.66

Morelli et al. 2017

Climate Change Responses

n = 124



Rivers as 
vectors

Distance 

from roads

Rivers as 
barriers

Roads as 
barriers

Topographic 
barriers

Meadow Connectivity Map

Maher, Morelli et al. 2017
Ecosphere



~45 km

0.16

0.047

Connectivity hypothesis 
predicts gene flow



Log 10 (Mean Connectivity)

Connectivity predicts allelic richness
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Morelli et al. 2016

PLOS ONE

Maintain montane 
meadow habitats in the 
Sierra Nevada, w/a 15-
20 year planning cycle; 
consider 50-100 year 
climate projections

Reduced moisture availability 
and precipitation; disruption 
of species synchronicity; 
vegetation shifts; increased 
recreation impacts from more 
visitors and longer seasons

Maintain sufficient 
montane meadow 
habitats to protect 
critical ecosystem 
services in prioritized 
watersheds



Management Tools and Actions

• Increase Connectivity

• Improved culvert design

• Road crossings

• Reroute trails

• Assisted migration?



Morelli et al. 2016

PLOS ONE

Maintain montane 
meadow habitats in the 
Sierra Nevada, w/a 15-
20 year planning cycle; 
consider 50-100 year 
climate projections

Reduced moisture availability 
and precipitation; disruption 
of species synchronicity; 
vegetation shifts; increased 
recreation impacts from more 
visitors and longer seasons

Maintain sufficient 
montane meadow 
habitats to protect 
critical ecosystem 
services in prioritized 
watersheds

Medium or large meadows that are 
highly connected; areas of high 
biodiversity; meadows where 
species of management concern 
exist or might exist in the future; 
areas of high recreational value (if 
uses are compatible)

Minimize overgrazing; 
remove encroaching 
conifers & invasive 
species; mitigate road & 
trail impacts; assist 
migration of lower elev
species; snow fencing to 
trap snow in desired 
locations; manage 
recreation & 
development; increase 
connectivity

Monitor: meadow 
wetness via remote 
sensing and field 
measurements; 
indicator species; 
downstream watershed 
variables (streamflow, 
sediment load, etc)


