SAGEBRUSH & CLIMATE
Training Series

Climate change

Vulnerability of
Sagebrush

Assoclated Wildlife™

Sagebrush & Climate Training Series
Virtual Classroom
April 4, 2024

Lindsey Thurman, USGS NWCASC
JanetRachlow, Univ. Idaho
Cameron Aldridge, USGS FORT

% USGS Universityofldaho

science for a changing world

."";“
Tom Koerneg



Road Map

l.  Overview: wildlife response to
climate change

Il. Measuring response through
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Pathways of Impacts ~
Declines in snowpack

Greater proportion of winter rain
Soil moisture reductions
Decreases in streamflow
Increasing frequency & severity of
drought

Increasing frequency & severity of wildfire
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Species interactions
Community composition,
structure, & function
Food web dynamics
Habitat quality & availability
Quality & availability of
food/water resources
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changes in the biotic &
abiotic environment
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Responses/Impacts:
Distribution & abundance patterns
Behavior

Phenology
Demography/survival
Reproductive success
Evolutionary potential/plasticity
Immunity/health
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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. Pres



Heat exchange mechanisms Surface to volume ratio q

(Beeveret al. 2017. Front. Ecol. Env.)
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Direct Effects

Direct effects on species

Lethal effects Sub-lethal effects

A Impaired regulation of body temp &
water balance

A Reduced energy intake-- growth,
survival & reproduction

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

A Compromised immunocompetence --
parasite/pathogen resistance
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>23,000 spectacled flying foxes
died in Nov. 2018 heat wave
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Photo: Keith Williams

Indirect Effects White-tailed Ptarmigan
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Indirect Effects
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Indirect Effects
Mean of 15% lower chick survival/day at high mismatch
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M
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Wann, Aldridge Seglund, OylerMcCance,
Kondratieff, Braun. 2019 Ecology and

Evolution.
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Phenological Mismatch = Reduction in Productivity
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Wann, Aldridge Seglund, OylerMcCance,
Kondratieff, Braun. 2019 Ecology and
Evolution.
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Pathways of Impacts ~

Declines in snowpack

Greater proportion of winter rain
Soil moisture reductions
Decreases in streamflow
Increasing frequency & severity of drought
Increasing frequency & severity of wildfire
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Species interactions
Community composition,
structure, & function
Food web dynamics
Habitat quality & availability
Quality & availability of
food/water resources
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abiotic environment
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Ecological level
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Key Response: Behavioral Changes
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Key Response: Behavioral Changes

Use of thermal refugia

Arctic ground squirrels, north of
the Arctic Circle in Alaska

A Forage until body temp > 39C

A Enter burrow to shed heat

A Emerge & forage when cooled
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Key Response: Range Shifts | F——— Gray Virco ——— —
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Key Response: Physiology/Metabolism

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

A Seek N slopespermanent snow/ice fields

A With Climate Change, no longer permanent

al US S Universityofldaho
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Key Response: Phenology White-tailed Ptarmigan
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Key Response: Evolutionary adaptatioh

AWT jackrabbits have polymorphic winter coat colors

A3 genes control
AProjected changes in snow likely lead to widespread mismatch

A Simulations suggest that populations can adapt rapidly
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Key Response: Species Interactions

Deer mice
(Peromyscus maniculatus)

Columbia Plateau pocket mice
(Perognathusparvus)

A% Brewer's sparrow
\¥ (Spizellabreweri) )

’ Young & Johnson (2024} =.
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https://doi.org/10.1002/jwmg.22548

Key Response: Disease Dynamics

BRITISH
COLUMBIA

CALIFORNIA

T

.

ALBERTA

e \
( SASKATCHEWAN

( COLORADO
E% &GQ __———-l

N

NEW MEXICO
ARIZONA “‘%E

S

a USGS

science for a changing world

0 125 250

Universityofldaho

Kilometers
500 750 1,000

West Nile Virus
@ NV Detected
~ WNV Not Detected

Year of Study

() 2003

[ ] 2004

Sage-Grouse Range
Current

@ Greater

@» Gunnison

Potential Presettlement
< Greater

< Gunnison

Naugle, Aldridge, Waler, et al.
2004. West Nile virus: Pending crisis for
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Road Map

Il. Measuring response through
Vulnerability Assessments

USFWS
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Adaptive Capacity

Intrinsic ability to accommodate Improving conservation outcomes with a
climate change without new paradigm for understanding species
significant genetic losses, large adaptive capacity.

range contractions or extinction, Beever et al (2016 onservLett

or intensive management https://doi.org/10.1111/conl.12190

intervention.

Depends on: -
: .. undamental
A phenotypic plasticity, .
: : Adaptive
evolutionary potential .
Capacity

A dispersal and colonization
abilities
A life-history traits

M

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

Adaptive Capacity

Reflects extrinsic factors that
affect or constraing) 6 J Wt GIIHR
fundamental AC

JEXtrinsic
* '%ti%[c,sors

Anthropogenic stressors are

more likely tolimit the full Realized

expression of the fundamental Adaptive
AC than enhance Capacity
O
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>
&
Funde®
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Improving conservation outcomes with a
new paradigm for understanding species
adaptive capacity.

Beever et al (2016 onservLett
https://doi.org/10.1111/conl.12190



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

piramaticde

Dad, when will
we get +o
‘ Canada ¢

I. Meshcheryakovova S. McMillan
ICanHasCheezburger.com

Persistin place Shift in space Perish
(adaptin situ/acclimate) (move to track suitable climate) (local/rangewide extinction)

Persist in place or shift in space?
Evaluating the adaptive capacity of
species to climate change.
Thurman et al (2020frEE

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

Adaptive Capacity

SpeciesA attributes thagty =2
confer greateradaptive capacity ¢ 1

Shorter generation time

Higher fecundity

Greater genetic diversity

Ecol ogi cal Jgeneral i st sj
Greater dispersal capacity

Broad spatial distribution

Populations where climatic

changes are of intermediate

magnitude

To o To o o T I

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

Adaptive Capacity

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

Extent Of Occurrence

LIFE HISTORY
ETTETGLL

Connecting research and practice
to enhance the evolutionary
potential of species under climate
_—" change. Thompson et al (2023)
Conserv SciPrac

https: .org/10.1111 212

5
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https://doi.org/10.1002/fee.2253
https://doi.org/10.1111/csp2.12855
https://doi.org/10.1111/csp2.12855
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Adaptive Capacity

AC Quick Reference Guide
& Resources
https://tinyurl.com/AC -how -to

Terrestrial Inverts Amphibians
12% 9%
Reptiles /
3%
Plants Birds
4% T 21%
Marine Inverts ,_\
1% 70 species
& counting!
[P e _ Fishes
12%
34% \
Freshwater Inverts
4%
500+ more

species planned
by 2025
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https://tinyurl.com/AC-how-to

NATIONAL fish, wildlife & plants

CLIMATE ADAPTATION STRATEGY

e

ASSOCIATION of
FISH & WILDLIFE
AGENCIES

2ND EDITION

VOLUNTARY GUIDANCE FOR STATES TO INCORPORATE
CLIMATE ADAPTATION INTO STATE WILDLIFE ACTION
PLANS AND OTHER MANAGEMENT PLANS

2022
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Linking Adaptive Capacity to Species Status Assessments

Version L0, September 2021

This resource was prepared by U.S. Fish and Wildlife Service (Service) and U.S. Geological
Survey staff as an internal job aid for Service species status assessment (SSA) practitioners. It
provides answers to frequently asked questions and best practices for applying the concept of
adaptive capacity into SSAs. This resource may be updated over time as new information
becomes available and we learn from our experiences.

An S84 is a biological risk that describes a species’ viability, that is, its ability to
maintain popu].'llmns in lhe wild over time. To assess vubllnly of species in S8As, we use the
conservation-biology of the 3Rs - . and (Shaffer

and Stein 2000, pp. 308-311). Resiliency is the ability ofa species m withstand environmental
stochasticity, periodic disturbances within the normal range of variation, and. demogmphn.
stochasticity. Redundancy is the ability of a species to witl d is
the ability of a species 1o adapt 1o both near-term and long-term Lhanges in it physuc:nl and
biological environments (see The 3Rs Defined document for full working definitions). The
purpose of this document is m deseribe the re].'mommp between adaptive capacity and

representation and provide a fr k for g ion in SSAs.
Table of Contents
1. Whatis i capacity? 2
2. How can adaptive capacity be measured or described? 2
3.  Hew does adaptive capacity inform species” viability? . 3
4.  What are the mechanisms underlying adaptive capacity? wd
5. Whatis ¥ piive capacity? 4
6.  What is the relationship between adaptive capacity and climate change
vulnerability?.
7. Is adapiive capacity only relevant o climate change? 7
‘What are best Tor incor of adap capacity into
55457
9.  How can understanding adaptive capacity inform recovery planning and
implementation for ESA-listed species? 10
References Cited 10
Appendix A. Example of using the adaptive capacity assessment framework { Thurman er al
2020). 14
Appemd.:x B. Example of more-detailed steps for assessing and describing adaptive capacity
e SSA proce: 15
Append.nx C. C 1 diagram ill ing the p with adaptive capacity
(1.e., how species cope with or adjust to chang 1 ). 0

Climate Science for SSAs
and ES DecisionMaking

Linking AC to SSAs 20210716.docx

Developing a next-generation Climate Change Vulnerability Index
in support of climate-informed natural-resource management

CI.IMI"E CHANGE IS IMPACTING OUR NATION'S PLANTS
and animals in numerous ways. The biologists at state
fish and wildlife agencies who are charged with
managing public lands need to know how climate
change threatens which species so they can take
countermeasures to prevent declines.

A new collaboration between NatureServe and the
USGS Climate Adaptation Science Centers will
modernize the Climate Change Vulnerability Index
(ccvi), one of the most popular tools for assessing
species vulnerability to climate change, for a new
generation of natural resource managers. With its new
release, the CCVI will make leading-edge climate
science even easier for practitioners to leverage while
providing important information for prioritizing and
planning conservation.

Since the last version of the CCVI was released in 2015,
there have been numerous advances in both our
understanding of how climate affects wildlife and the
technology for developing user-friendly taals. In this
project, researchers and software programmers at
NatureServe will work in collaboration with CASC
scientists to develop a revised version of the Index. The
new version will feature:

+  Aweb-hosted platform that
among users

New metrics for how species can adapt to or cope
with climate change

The latest downscaled climate exposure data for
acrass the United States

This new release is especially timely as it will be
available in time for state biologists to use it for
revisions to their State Wildlife Action Plans (SWAPs),
federally mandated conservation plans, that are due in
2025. The work will also include further usability testing
and refinements in collaboration with CCVI end-users.

Collaborators

| Climate Adaptation
Science Center

J! Southwest

[FJF) North Central g NORTHWEST

.n Climate Adaptation
Science Center

Climate Adaptation
Science Center

Phase 1 (targeted completion: Q2 2024)

The first phase will improve the functionality and
robustness of the taol in a relatively short timeline to
support its usage in ongoing and planned 2025 SWAP
revisions. It will focus on strategic updates to address
previously identified requests for improvements from
stakeholders: the creation of the web-based platform,
more recent climate data, and new adaptive capacity
factors.

Phase 2 (targeted completion: Q2 2025)

The second phase will collaboratively explore, pilot, and
test ongaing improvements to the CCVI algarithm,
working directly with state and other end-user partners
to refine the tool for the greatest benefit.
Improvements may include expanded uncertainty
metrics, statistical sensitivity analyses, and the inclusion
of additional climate exposure variables and scenarios
planning features.

Opportunities for Involvement
If you would like to be considered for a participatery
role in the project, please email the project contacts.
There are two options for participation:
User Group
Receives nolifications about new features and
products as they are released
Technical Advisory Group

Meets regularly to advise on, and ground-test,
new features of the CCVI

=USGS ‘R NATURESERVE

USGS NatureServe
Dr. Lindsey Thurman Dr. Bruce Young

I5g5.80v bruce_young org
Dr. Marta Lyons.
miyons@usgs.gov } ||| \§
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MIDWI
NECASC c\mm Adsptation

Science Center

SOUTH CENTRAL

CLIMATE ADPTATION SCIENCE CENTER
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White-tailled Ptarmigan

EGF-domain Divergence

Photo: Keith Williams
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