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Direct effects Indirect effects

Δ Hydrological cycle↑ Temperature

• Declines in snowpack
• Greater proportion of winter rain
• Soil moisture reductions
• Decreases in streamflow
• Increasing frequency & severity of 

drought
• Increasing frequency & severity of wildfire

K. Theule/USFWS

Responses/Impacts:
• Distribution & abundance patterns 
• Behavior
• Phenology
• Demography/survival
• Reproductive success
• Evolutionary potential/plasticity
• Immunity/health

Pathways of Impacts

• Species interactions
• Community composition, 

structure, & function
• Food web dynamics
• Habitat quality & availability
• Quality & availability of 

food/water resources

changes in the biotic & 
abiotic environment

= degree of 
Adaptive Capacity



• Radiant heat exchange can be a 
strong influence

• Only convection depends on air 
temperature

• Evaporative cooling can 
be effective/efficient

• Metabolic heat is significant 
contribution

(Hill et al. 2021. Animal Physiology. Oxford Univ. Press)

Heat exchange mechanisms
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Direct effects on species

Lethal effects Sub-lethal effects

• Impaired regulation of body temp & 
water balance

• Reduced energy intake -- growth, 
survival & reproduction 

• Reproduction disruption -- hormone 
imbalances, abnormal gamete 
production, fetal growth & lactation

• Compromised immunocompetence -- 
parasite/pathogen resistance

>23,000 spectacled flying foxes 
died in Nov. 2018 heat wave

Direct Effects



Leafhopper
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White-tailed Ptarmigan

Brood Habitat Selection

Spear, Aldridge, Wann, and Braun. (2019). JWM.

Public Domain

Indirect Effects

B. Dooling



Vegetation Food 
Resource Phenology

Wann, Aldridge, Seglund, Oyler-McCance, 
Kondratieff, Braun. 2019. Ecology and 
Evolution.

Indirect Effects



Mean of 15% lower chick survival/day at high mismatch
Indirect Effects

Wann, Aldridge, Seglund, Oyler-McCance, 
Kondratieff, Braun. 2019. Ecology and 
Evolution.



Phenological Mismatch = Reduction in ProductivityIndirect Effects

Wann, Aldridge, Seglund, Oyler-McCance, 
Kondratieff, Braun. 2019. Ecology and 
Evolution.
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Key Response: Behavioral Changes

(Levy et al. 2019. Ecol. Monographs)



(Milling et al. 2018. Behav. Ecol.)

Day activity ~ sex + reproductive status

Night activity ~ temperature + moon phase + date

Key Response: Behavioral Changes



Use of thermal refugia

• Forage until body temp > 39C
• Enter burrow to shed heat
• Emerge & forage when cooled
• “Shuttling thermoregulation”

Arctic ground squirrels, north of 
the Arctic Circle in Alaska

(Long et al. 2005. J. Mamm.)

Key Response: Behavioral Changes



Key ImpactsKey Response: Range Shifts

Van Lanen, Monroe, & 
Aldridge (2023) Ecol & Evol

Van Lanen, Monroe, & 
Aldridge (2023) Biol Conserv



• Physiological stress at temps > 21 C
        (May 1975)

• Seek N slopes, permanent snow/ice fields

• With Climate Change, no longer permanent

Key Response: Physiology/Metabolism White-tailed Ptarmigan



Mt. Bluesky: 1.9 days per decade Trail Ridge: 3.7 days per decade

TR
TR

Wann, Aldridge, & Braun. (2016) PLOS ONE.

Key Response: Phenology White-tailed Ptarmigan



Key Response: Evolutionary adaptation

(Ferreira et al. 2023. Science)

• WT jackrabbits have polymorphic winter coat colors
• 3 genes control 
• Projected changes in snow likely lead to widespread mismatch
• Simulations suggest that populations can adapt rapidly



J. Maestas

Young & Johnson (2024) 
https://doi.org/10.1002/jwmg.22548 

Deer mice 
(Peromyscus maniculatus)

Columbia Plateau pocket mice 
(Perognathus parvus)

Brewer's sparrow 
(Spizella breweri)

neg (-)

neg (-)
pos (+)

Key Response: Species Interactions

https://doi.org/10.1002/jwmg.22548


General impacts/responses:
- Changes to health/disease dynamics
- Cam: West Nile

Key Response: Disease Dynamics

Naugle, Aldridge, Walker, et al. 

2004.  West Nile virus: Pending crisis for 
Greater Sage-Grouse.  Ecology Letters
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Exposure
Annual conditions

Seasonal conditions

Extremes

Velocity of change

Thresholds/exceedances
Vulnerability

Potential Impact Adaptive Capacity

Se
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ty

Rate and magnitude of climate 
change experienced

Dose-response (susceptibility 
or degree of impact)

Ability to cope with or 
adjust to changes

Climate Change Vulnerability



Adaptive 
Capacity

Fundamental

Actions to reduce 
exposure or 

sensitivity

Improving conservation outcomes with a 
new paradigm for understanding species 
adaptive capacity.
Beever et al (2016) Conserv Lett
https://doi.org/10.1111/conl.12190 

Intrinsic ability to accommodate 
climate change without 
significant genetic losses, large 
range contractions or extinction, 
or intensive management 
intervention. 

Depends on:
• phenotypic plasticity, 

evolutionary potential
• dispersal and colonization 

abilities
• life-history traits

Adaptive Capacity

https://doi.org/10.1111/conl.12190


Fundeamenta
l AC

Adaptive 
Capacity

Realized

Actions to reduce 
exposure or 
sensitivity

Improving conservation outcomes with a 
new paradigm for understanding species 
adaptive capacity.
Beever et al (2016) Conserv Lett
https://doi.org/10.1111/conl.12190 

Extrinsic 
stressors

Reflects extrinsic factors that 
affect or constrain the species’ 
fundamental AC

Anthropogenic stressors are 
more likely to limit the full 
expression of the fundamental 
AC than enhance

Adaptive Capacity

https://doi.org/10.1111/conl.12190


Adaptive Capacity

I. Meshcheryakovova

Persist in place 
(adapt in situ /acclimate)

S. McMillan

Shift in space
(move to track suitable climate)

ICanHasCheezburger.com

Perish
(local/rangewide extinction)

Persist in place or shift in space? 
Evaluating the adaptive capacity of 
species to climate change.
Thurman et al (2020) FrEE
https://doi.org/10.1002/fee.2253 

https://doi.org/10.1002/fee.2253


Species’ attributes that may 
confer greater adaptive capacity

• Shorter generation time 
• Higher fecundity
• Greater genetic diversity
• Ecological “generalists”
• Greater dispersal capacity
• Broad spatial distribution 
• Populations where climatic 

changes are of intermediate 
magnitude 

Nicotra et al (2015) https://doi.org/10.1111/cobi.12522 

Adaptive Capacity

M. Thompson

https://doi.org/10.1111/cobi.12522


Adaptive Capacity

• 37 attributes (2 new!)
• 7 complexes (groups)
• 12 core attributes

Thurman et al (2020) https://doi.org/10.1002/fee.2253 

Connecting research and practice 
to enhance the evolutionary 
potential of species under climate 
change. Thompson et al (2023) 
Conserv Sci Prac
https://doi.org/10.1111/csp2.1285
5 

https://doi.org/10.1002/fee.2253
https://doi.org/10.1111/csp2.12855
https://doi.org/10.1111/csp2.12855


Adaptive Capacity

Casper Star Tribune Preliminary Information-Subject to Revision. Not for Citation or Distribution.

Josh Lawler, UW
Julie Heinrichs, CSU

Lindsey Thurman, USGS

High

ModLow

Evidence:



Adaptive Capacity

Gail Patricelli Preliminary Information-Subject to Revision. Not for Citation or Distribution.

High

ModLow

Evidence:

Fiona McKibben, U Idaho
Janet Rachlow, U Idaho



500+ more 
species planned 

by 2025

Adaptive Capacity

AC Quick Reference Guide 
& Resources 

https://tinyurl.com/AC-how-to 

https://tinyurl.com/AC-how-to


Linking AC to SSAs 20210716.docx

Climate Science for SSAs 
and ES Decision-Making

Adaptive Capacity

https://doimspp.sharepoint.com/:w:/r/sites/ClimateScienceforSSAs/Shared%20Documents/Adaptive%20Capacity/Linking%20AC%20to%20SSAs%2020210716.docx?d=wfcde449174b344639f9b447377ac58aa&csf=1&web=1&e=DiPVsY
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Zimmerman et al. (2021). Heredity 126: 117-131

White-tailed PtarmiganAdaptive Capacity



Photo: Keith Williams

Zimmerman et al. (2021). Heredity 126: 117-131

Keith Williams

EGF-domain Divergence

White-tailed Ptarmigan



• Temperature and 

precipitation associated 

divergence.

Zimmerman et al. (2021). Heredity 126: 117-131

White-tailed Ptarmigan

Keith Williams



Vulnerability Assessment: How-To

Correlative Mechanistic Trait-based

Fig. 12 in Williams & Friggens (2017)

Fig. 3 in Shriver et al (2019)



1. Define planning 
purpose and scope

2. Assess climate 
impacts and 

vulnerabilities

Review/revise 
conservation goals 

and objectives

4. Identify possible 
adaptation options

5. Evaluate and 
select adaptation 

actions

6. Implement 
priority adaptation 

actions

7. Track action 
effectiveness and 

ecological response

Re-assess 
vulnerability 
as needed

Adjust 
actions as 
needed

Revisit 
planning as 
needed

Climate Change Vulnerability Address location- or 
context-specific 
management concerns 

Climate 
Adaptation
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Climate Change Vulnerability Address location- or 
context-specific 
management concerns 

Triage priorities

What’s at risk?
Why?
Where?
…
When?

Effectively + 
efficiently allocate 
limited resources



Road Map

I. Overview: wildlife response to 
climate change

II. Measuring response through 
Vulnerability Assessments

III. Case studies

USFWS



Thank you!
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