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The sky is
talling!

Climate Adaptation =
Proactively preparing for,

responding to and coping with
the effects of climate change
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* Applying vulnerability assessments to conservation
planning and action

» Examples of real-world climate-informed
conservation actions
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w Exploratory Adaptation Planning

WCS

Multiple Approaches for
Generating Adaptation Options

» General adaptation strategies
» Components of vulnerability

» Intervention points



w General Adaptation Strategies

WCS

e Reduce Non-Climate Stresses

* Protect Key Ecosystem Features | Climate-Smart 1
Conservation |

Putting Adaptation Principles info Practice

* Restore Structure and Function
* Support Evolutionary Potential
* Ensure Connectivity

* Protect Climate Refugia

* Relocate Organisms



w Components ot Vulnerability

WCS

* Reduce sensitivity

— Plant drought-tolerant species
in area projected to get drier

* Reduce exposure

— Plant shade trees along riparian
areas to cool from warming

* Enhance adaptive capacity

— Remove barriers to tributaries that
might provide climate refugia




w Intervention Points

WCS

Are there actions we can take at conservation
“intervention points” to achieve our goal as
climate impacts unfold?

Intervention points = elements of a system that can be
influenced through management/conservation actions.

Environmental Management (2012) 50:341-351
DOT 10.1007/s00267-012-9893-7

PROFILE

The Adaptation for Conservation Targets (ACT) Framework:
A Tool for Incorporating Climate Change into Natural Resource
Management

Molly S. Cross * Erika S. Zavaleta + Dominique Bachelet + Marjorie L. Brooks * Carolyn A. F. Enquist *
Erica Fleishman - Lisa J. Graumlich * Craig R. Groves * Lee Hannah * Lara Hansen * Greg Hayward *
Marni Koopman - Joshua J. Lawler + Jay Malcolm + John Nordgren - Brian Petersen - Erika L. Rowland -
Daniel Scott - Sarah L. Shafer - M. Rebecca Shaw - Gary M. Tabor
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forest agricultural

management practices

wildfire

withdrawals
(agri., urban)

flood plain )
condition

" upland forest
type/structure

Yellowstone River
flows
>\ quantity, temperature, timing

/

snowpack

N\

groundwater

impervious
surfaces

beaver
grazing
practices

temperature +
precipitation

riparian
cover




Exploratory Adaptation Planning

WCS

LR
‘ me ’i\‘ i

e : i
Fish Restradiony PRWME LAND MM oy g REGS
flechive, — Plan \ arcas that- are — Fencng shean .
ilibes a:+ p%okd retugio @‘aj cold lngery  — Off - s&l wadeC -Bs o DS re’w ,:\’ m‘t\{\
lnerab (s « Areas oo cold now E/H«jz\terQCS aneas (/ha/(' ﬁ P e o
bout redunclancies, Laok@c«nm{-cmd.ﬁm assessmends /" o now + I 5w
wlayl aly, 9——>amb;lmzw/ = Cj and/up dVd /amd 7}74
- ARAS S A er\S WY\ & micro-cafchments o hapSuface
sikd ' 5 ? Funefe '
g2 Vi St b | g i o logfyster WATERS RIGHTS o888
R iy Sitguchoncts match Hiows B
,\v\gltxvé -Gm%,\-\@g.aa“mnodﬂk A< in d = CS“"ﬂb\lSl’\ U\\a,{-e/‘ &V‘—S QQ‘ :
«t'jﬁ’)ﬁ- do/(ernwe pamers Waktrshed inprave "Wl‘ i %
4 ,,,?m‘c —R.pwﬁm\ veq. efects ; L)Secu,-e
S(Mu A3h) 1—0 Mkb(@ CsS - | [ %ﬁ‘é‘ < bl w/ | M—;(:mpg)—/scxg ncﬁﬂ;fwsigvf' i

e acAioN / vor fwm

o] Outcovne s g



w Exploratory Adaptation Planning

WCS

What makes a management action a
climate change adaptation action”?

Clearly “connect the dots” between climate
change impacts, proposed actions, and
anticipated long-term adaptation outcomes



w Exploratory Adaptation Planning

WCS

s climate change adaptation different
from current management?

Not necessarily...but need to ask
critical questions about:

WHY WHAT WHERE WHEN
URGENCY / PRIORITY



WCS

Exploratory Adaptation Planning

Menus of adaptation “options”

STRATEGY

TACTIC

Increase resilience of native fish
populations to warming stream
temperatures and flow changes

Identify and restore “warm-adapted” populations of native trout

Replicate and supplement native fish populations

Connect current populations with streams that are currently too
cold (and may warm to suitable levels in the future)

Consider limiting angler pressure on native fish in streams that are
at or near temperature thresholds

Establish large-scale reserves for long-term native cold-water fish
conservation

Conduct field experiments of fish-temperature relationships for
multiple species and regions

Monitor changes in stream temperature for fish distributions

Understand and map where groundwater inputs are providing cold
water

Increase resilience of native fish
species by reducing barriers to
movement

Replace or retrofit culverts that will not function well during future
low base flows and flood periods

Identify, prioritize, and remove barriers to native fish movements

Minimize water diversions; where they exist, ensure fish ladders
avoid entrainment of native trout

Increase population resilience by
increasing native fish health

Increase public education to eliminate disease vectors

Survey fish health conditions

Direct treatment or removal of infected fish

Prevent / remove invasive non-native
fish

Survey and map non-native species

Combine non-native mapping with information on migration
barriers

Remove or control non-native fish species (electrofishing, chemical
removal, genetic swamping, encouraging increased harvest of non-
natives)

Strategically use physical or electrical barriers to prevent further
spread of non-native fish

Assess status of non-native fish more frequently to better detect
changes in invasions (perhaps using citizen science)

Model future changes in stream flow and habitat to anticipate
future invasion hotspots

Re-establish or replicate native fish populations in areas where
non-natives have been removed or are effectively blocked by
barriers

Continued on
multiple pages...



From Exploration to Action
WCS

A COMPILATION OF ADAPTATION STRATEGIES AND TACTICS
FROM PREVIOUS PLANNING EFFORTS'

STRATEGY
native fi
ﬁﬁﬁﬁﬁﬁﬁﬁ

water

Replace or that wil
lood periods
ies by Identiy, priorit
ovement

ve trout

increasing native fish health

Impact/Vulnerability ———
Analyses =

2020 - 2029 2090 - 2099 ; il [ rptsosta i

e Menu of climate
adaptation options
Al1B
B1
What to do?
.
oosnszzsaz:cc)csssaoﬂsr1.5 Where to do |t?

Towards what goal?



w From Exploration to Action
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ATHREE-STEP DECISION SUPPORT FRAMEWORK
FOR CLIMATE ADAPTATION:

: Selecting Climate-Informed Conservation : : .
j-—"Goals and Strategies for Native Salmonids U.S’ ng informat onon
- SN T YT R s RS climate vulnerabilities
e IO > "~ to select goals and
actions from a menu of

adaptation options

Funding from:

wildlife
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w Decision Support Framework

WCS

Developed with input from managers on the
Custer Gallatin National Forest:

 Scott Barndt (ecosystems leader)

« Andy Efta (hydrologist)

* Dale White (hydrologist)

e Clint Sestrich (fisheries)

» Julie Shea (fire specialist)

Also input from Linh Hoang, USFS Region 1
climate coordinator
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w Decision Support Framework

WCS

Step 1: Assess vulnerability of selected native salmonid
population to climate change

Vulnerability Levels

Climate Change

Vulnerability Increasing Vulnerabili
Factors

Suil::l?illti:; Habitat likely to remain or become suitable Habitat likely to become marginal Habitat likely to become unsuitable
Threa?s fr9m Threats from non-native fish likely to be low Threats from non-native fish likely to be high
non-native fish
Connectivity Population likely to be connected to a larger network Population likely to remain or become isolated

 Asks users “key questions” to assess climate vulnerabilities



WCS

Deciston Support Framework

Step 1: Assess vulnerability of selected native salmonid
population to climate change

Vulnerability
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HABITAT SUITABILITY:
To what extent will climate change alter
habitat suitability for the population?

THREATS FROM NON-NATIVE FISH:
Towhat extent will climate change
increase the threat that non-native fish

present to the population?

CONNECTIVITY:

To what extentwill climate change alter
the degree of connectivity of the
population to a larger network of
populations and suitable habitat?

« Are stream temperatures expected to
remain (or become) suitable?

« Are other key habitat conditions (e.g.
streamflow quantity and timing,
sediments, patch size, etc) expected to
remain or become suitable as climate
changes?

« Are climate-driven changes likely to
interfere with life-history requirements
of focal species (e.g.. changes inwinter
flooding might influence spawning
success)?

« |sthe population in an area naturally
more resilient to changing climate
conditions (i.e. because of the elevation,
size of the habitat patch, connection to
lakes that provide vertical temperature
stratification, or the presence of features
that could bufferwarming such as
groundwater upwelling or cold-air
drainages)?

« Could climate-driven changes in human
water use and management affect stream
flow quantity, quality and timing?

« Are non-native fish currently present?

« [f non-native fish are currently present,
might climate change alter the influence
of non-native fish on native species
of concern (e.g., via hybridization,
competition, predation)?

« [f non-native fish are currently absent.
could climate change potentially increase
the invasion threat (i.e.. by altering habitat
conditions or disturbance events that
might facilitate invasion)?

« Is the population currently isolated, or
is it connected to a larger network of
populations and habitat?

« If currently connected to a larger
network. do you expect this connectivity
to remain given changing climate
conditions (e.g. is the existing habitat
vulnerable to fragmentation by changing
stream flows and temperatures)?

« Are features present (e.q. culverts, low
water crossings) that could become
barriers to fish movement under
changing stream flows?

« Ifcurrently isolated, is the population
like to persist given changing climate
conditions and associated extreme
events (e.g., wildfire, floods, erosion)?




w Decision Support Framework

WCS

Step 1: Assess vulnerability of selected native salmonid
population to climate change

Vulnerability Levels

Climate Change
Vulnerability Increasing Vulnerabili
Factors

Suil::l?illtit Habitat likely to remain or become s@ Habitat likely to become marginal Habitat likely to become unsuitable
Threa?s fr9m Threats from non-native fish likely to be low Threats from non-native fish likely to be high
non-native fish

Connecti\(Population likely to be connected to a larger neth Population likely to remain or become isolated

* 12 combinations of vulnerability factors and levels




WCS

Deciston Support Framework

Step 2: Use vulnerability information to clarify management
goals and select climate adaptation strategies

LOW THREAT FROM NON-NATIVE ASH

POPULATION IS CONNECTED TO ALARGER NETWORK

HIGH THREAT FROMN ON-NATIVEFISH

HABITAT REMAINS OR BECOMES SUITABLE ~ HABITAT BECOMES MARGINAL ]mumucou:smmu

Relative vulnerability to climate change: Relative vulnerability to climate change: Relative vidnerability to cmate change:
Low Medum Medium-High

Relative value for Relative value for Relative value for

native salmonid conservation: native salmonid conservation: native salmonid conservation:

High value in both the shoet and long term Potential value ower the long tem, but wil Potential vahse In the shoet term to help with
Potential Goal: Ikely require irwestment to moderate climate | population recovery, maintenance of genetic

Protect and mairtain jor improve if
warraried) this habitat network for long-term
consenvation of native salmonics

Strateghes:

« Protect cimate refugia;

« Protect existing networks,

« Expand/refound populations;

* Prevert invasion of non-nathve fish

Relative vulnerability to climate change:
Medium-Low

Relative value for

native salmonid conservation:

High value in both the shoet and long term,
but may require ivestment to prevent/
remove/suppress non-native fish

Potential Goal:

Prevert invasicn of pon-native fish (or
remove/suppress i already present),

ard protect and maintain (or improve it
warranied) this habitat network for long-term
consenvation of native salmonics

Strategies:

« Remowe/suppress non-native fish,
+ Prevent invasion of nan-native fish;
« Expand/refound populations;

« Protect existing networks,

« Protect climate refugla

mpacts

Potential Goak

Improve the sultability of this habitat netwark
for long-tem corservation of native
saimonids

Strategles:

« Moderate stream temperature ncreasas,

* Moderate base flow decreases;

» Moderate peak flow Increases;

« Increase adapiive capacity of nabive fish,

* Minimize adverse impacts in the event
of potentlal increased wildland fire
disturbance;

» Protect exsting networks,

» Reduce uncentanty through research and
monkoring,

» Prevent irwasion of non-native fish

Relative vulnerability to climate change:
Medum-High

Relative value for

native salmonid conservation:

Poternial valuse over the long term, but wil
require a high-level of iwvestment to both
moderate climate impacts and prevent/
remave/suppress non-native fish

Potential Goal

Prevent irwasion of non-native fish (or

remave/suppress if already present], and

improve the suRabsliy of this habRat network

for long-term conseevation of native

saimonids

Strategles:

» Moderate stream temperature Increases;

» Moderate base flow decreases;

» Moderate peak flow increases;

» Increase adaptive capacity of native fish,

» Remowelsappress non-native fish,

» Prevent irasion of non-native fish;

*» Minimize adverse impacts in the event
of potential increased wildland fire
disturbance;

» Protect exsting networks

» Reduce uncertanty through research and
monkorirg

diversity andlor local adaptations; Longer-
term vahse Is lower due to decreasing habitat
sultabibty

Potential Goat:

Mairtain popdiation in the short-term; in

the longer-term, conskder fadiRating the

mavement of current papulation o other

lecations with mare sukable canditions,

faciitating the transition of the location to

anewstate, andior managing the location

for other targets (e, game fish or non-fish

targets)

Strategles:

« Reduce uncertanty theough research and
manitorng

« Increase adaptive capacity of native fish,

« Relocate indivicuals to areas Likely to remain
or become sutable;

« Faclitate transkion 10 a new state

Relative vilnerability to climate change:
High

Relative value for

native salmonid conservation:

Potential vahse In the short term to help

with population recovery, maimenance of
genetic dwersity and/or local adaptations, but
will require ivestment to prevent/remone/
supgeess non-native fish; Longer-term value &
lowver due to decreasing habiat suitabilty

Potential Goat:

Fadlitate the movement of current population
to ather locations with more suable
conditiors; Fackitate the transition of the
location to a s state; Corslder managing
the location for other targets [eg., game fish
o non-fich targets)

Strategles:

« Reduce uncertainty theough research and
maniterng

« Relocate indivicduals to areas likely to remain
or become sutable;

« Fadllitate transkion to a resw state,

« Determine additional strategles after
clarifying management goalls|

POPULATION REM AINS OR BECOMESISOLATED

LOW THREATFROM NON-NATIVE ASH

HIGHTHREAT FROM NON -NATIVE AISH

HABITAT REMAINS OR BECOMES SUITABLE lmmmconsmm [mmucoutsmmn
Relative vulnerability to climate change: Relative vulnerability to climate change: Relative vulnerability to clmate change:
Medum-Low Medum Medium-High

Relative value for Redative value for Relative valwe for

native salmonid conservation: native salmonid conservation: native salmonid conservation:

Potential value for providing genetic dversity
and/or local adaptations in both the short and
fong temm, bt wikl [ikely require mvestment to
address fragmentation

Potential Goal:

Evaluate representativeness of this population

across the landscape, and determine what

lewvel of peotection/reconnection to other
habrats is warranted

Strategles:

» Reconnect fragmented networks,

« Protect climate refugla;

» Minimize adverse Impacts in the event
of potential ncreased wildland fire
disturbance;

« Expand population;

» Prevent inasion of non-native fish

Relative vulnerability to climate change:
Medium

Relative value for

native salmonid conservation:

Poternial value, but may will likely require
rvestment to preventiremone/suppress non-
native fish and address fragmentation

Potential Goal:
Evaluate represernatyeness of this population
acrass the landscape, and detemine what
level of peotection, reconnection to other
habiats, and management on non-native fish
& warranted
Strategles:
» Reconnect fragmenied networks;
« Protect climate refugia;
» Minimize adverse impacts in the event
of potential ncreased wildland fire
disturbance;
« Expand population;
» Prevent rwasion of non-native fish

Potential value for providing genetic diversity
andlor local adaptations, but will likely require
Imvestment to moderate climate impacts and
address fragmentation

Potential Goal:

Evaluate regresentathveness of this population
across the landscape, and determine what
lewel of protectionfrestorationfacthve
management Is warranted

Strategles:

« Reconnect fragmented netwarks,

« Moderate stream temperature increases;

« Moderate base fhow decreasss;

» Moderate peak flow Increases;

« Increase adaptive capadity of natwe feh

» Minimize adverse impacts in the event
of potential increased wildland tire
disturbance,;

« Reduce uncertainty through research and
mankorng

« Prevent ivasion of non-native species

Relative vulnerability to climate change:
Medium-High

Relative value for

native salmonid conservation:

Lower value, and will lkely reguire a high-level
of investment to moderate cimate impacts,
prevent/remave/suppress non-native fish, and
address fragmentation

Potential Goak:

Facilitate the mavement of current population
to other lacations with moee satable
conditicrs; Fadlitate the transition of the
location t0 a new state; Consider managing
the location for other targets leg., game fish
o nan-fish targets)

Strategles:

« Reduce uncertainty through research and
mankorng

« Relocate Indivicuals to areas likely to remain
or bacome sultable

« Facilitate transition to a new state;

« Determine additional strategies after
claritying management goalis)

Potential value in shoet-term for peoviding
geratic dwersity and/or local adaptations,
best wikk liely require rwestment to address
fraamentatior( Longer-term vaue is lower due
to decreasing habtat suitablity

Potential Goal:

Martain population in the short-tem; in
the longes-tem, consider fadiRating the
mavement of cusrent population to other
locations with mare sukable conditions,
faciitating the transition of the lacation to
anew state, andfor managing the location
far other targets (2.9, game fish or non-fish
targets)

Strategles:

« Reduce uncertanty through research and
manitoring;

« Increase adaptive capacty of nathe fsh;

* Relocate indivicuals to areas likely to remain

o become sukable;

« Faciitate transition 1o a mew state

Relative vulnerability to clmate change:
High

Relative value for
native salmonid conservation:
Low value

Potential Goal:

Faclitate the movement of current population

to other locations with more sultable

conditions; Faclitate the transition of the

location 1o a new state; Coralder managing

the lecation for other targets [e g, game fish

or non-fish targets)

Strategles:

* Reduce uncertainty throwgh research and
moniterng;

+ Relocate individuals 1o areas likely to remain
or become sutable;

« Fackitate transition o a rew shate,

« Determine additional strategles after
clarifyirg management goalls|




w Decision Support Framework

WCS

Step 2: Use vulnerability information to clarify management
goals and select climate adaptation strategies

Low Climate change vulnerability

ative trout conservation

Goal = Maintain/Restore Goal = Ameliorate Goal = Facilitate
Coldwater Climate Effects Transitions
Strongholds & Refugia on Streams

Vulnerability Type + Goals = Specific Climate Adaptation Strategies
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Deciston Support Framework

Step 2: Use vulnerability information to clarify management
goals and select climate adaptation strategies

LOW THREAT FROM NON-NATIVE ASH

POPULATION IS CONNECTED TO ALARGER NETWORK

HIGH THREAT FROMN ON-NATIVEFISH

HABITAT REMAINS OR BECOMES SUITABLE ~ HABITAT BECOMES MARGINAL ]mumucou:smmu

Relative vulnerability to climate change: Relative vulnerability to climate change: Relative vidnerability to cmate change:
Low Medum Medium-High

Relative value for Relative value for Relative value for

native salmonid conservation: native salmonid conservation: native salmonid conservation:

High value in both the shoet and long term Potential value ower the long tem, but wil Potential vahse In the shoet term to help with
Potential Goal: Ikely require irwestment to moderate climate | population recovery, maintenance of genetic

Protect and mairtain jor improve if
warraried) this habitat network for long-term
consenvation of native salmonics

Strateghes:

« Protect cimate refugia;

« Protect existing networks,

« Expand/refound populations;

* Prevert invasion of non-nathve fish

Relative vulnerability to climate change:
Medium-Low

Relative value for

native salmonid conservation:

High value in both the shoet and long term,
but may require ivestment to prevent/
remove/suppress non-native fish

Potential Goal:

Prevert invasicn of pon-native fish (or
remove/suppress i already present),

ard protect and maintain (or improve it
warranied) this habitat network for long-term
consenvation of native salmonics

Strategies:

« Remowe/suppress non-native fish,
+ Prevent invasion of nan-native fish;
« Expand/refound populations;

« Protect existing networks,

« Protect climate refugla

mpacts

Potential Goak

Improve the sultability of this habitat netwark
for long-tem corservation of native
saimonids

Strategles:

« Moderate stream temperature ncreasas,

* Moderate base flow decreases;

» Moderate peak flow Increases;

« Increase adapiive capacity of nabive fish,

* Minimize adverse impacts in the event
of potentlal increased wildland fire
disturbance;

» Protect exsting networks,

» Reduce uncentanty through research and
monkoring,

» Prevent irwasion of non-native fish

Relative vulnerability to climate change:
Medum-High

Relative value for

native salmonid conservation:

Poternial valuse over the long term, but wil
require a high-level of iwvestment to both
moderate climate impacts and prevent/
remave/suppress non-native fish

Potential Goal

Prevent irwasion of non-native fish (or

remave/suppress if already present], and

improve the suRabsliy of this habRat network

for long-term conseevation of native

saimonids

Strategles:

» Moderate stream temperature Increases;

» Moderate base flow decreases;

» Moderate peak flow increases;

» Increase adaptive capacity of native fish,

» Remowelsappress non-native fish,

» Prevent irasion of non-native fish;

*» Minimize adverse impacts in the event
of potential increased wildland fire
disturbance;

» Protect exsting networks

» Reduce uncertanty through research and
monkorirg

diversity andlor local adaptations; Longer-
term vahse Is lower due to decreasing habitat
sultabibty

Potential Goat:

Mairtain popdiation in the short-term; in

the longer-term, conskder fadiRating the

mavement of current papulation o other

lecations with mare sukable canditions,

faciitating the transition of the location to

anewstate, andior managing the location

for other targets (e, game fish or non-fish

targets)

Strategles:

« Reduce uncertanty theough research and
manitorng

« Increase adaptive capacity of native fish,

« Relocate indivicuals to areas Likely to remain
or become sutable;

« Faclitate transkion 10 a new state

Relative vilnerability to climate change:
High

Relative value for

native salmonid conservation:

Potential vahse In the short term to help

with population recovery, maimenance of
genetic dwersity and/or local adaptations, but
will require ivestment to prevent/remone/
supgeess non-native fish; Longer-term value &
lowver due to decreasing habiat suitabilty

Potential Goat:

Fadlitate the movement of current population
to ather locations with more suable
conditiors; Fackitate the transition of the
location to a s state; Corslder managing
the location for other targets [eg., game fish
o non-fich targets)

Strategles:

« Reduce uncertainty theough research and
maniterng

« Relocate indivicduals to areas likely to remain
or become sutable;

« Fadllitate transkion to a resw state,

« Determine additional strategles after
clarifying management goalls|

POPULATION REM AINS OR BECOMESISOLATED

LOW THREATFROM NON-NATIVE ASH

HIGHTHREAT FROM NON -NATIVE AISH

HABITAT REMAINS OR BECOMES SUITABLE lmmmconsmm [mmucoutsmmn
Relative vulnerability to climate change: Relative vulnerability to climate change: Relative vulnerability to clmate change:
Medum-Low Medum Medium-High

Relative value for Redative value for Relative valwe for

native salmonid conservation: native salmonid conservation: native salmonid conservation:

Potential value for providing genetic dversity
and/or local adaptations in both the short and
fong temm, bt wikl [ikely require mvestment to
address fragmentation

Potential Goal:

Evaluate representativeness of this population

across the landscape, and determine what

lewvel of peotection/reconnection to other
habrats is warranted

Strategles:

» Reconnect fragmented networks,

« Protect climate refugla;

» Minimize adverse Impacts in the event
of potential ncreased wildland fire
disturbance;

« Expand population;

» Prevent inasion of non-native fish

Relative vulnerability to climate change:
Medium

Relative value for

native salmonid conservation:

Poternial value, but may will likely require
rvestment to preventiremone/suppress non-
native fish and address fragmentation

Potential Goal:
Evaluate represernatyeness of this population
acrass the landscape, and detemine what
level of peotection, reconnection to other
habiats, and management on non-native fish
& warranted
Strategles:
» Reconnect fragmenied networks;
« Protect climate refugia;
» Minimize adverse impacts in the event
of potential ncreased wildland fire
disturbance;
« Expand population;
» Prevent rwasion of non-native fish

Potential value for providing genetic diversity
andlor local adaptations, but will likely require
Imvestment to moderate climate impacts and
address fragmentation

Potential Goal:

Evaluate regresentathveness of this population
across the landscape, and determine what
lewel of protectionfrestorationfacthve
management Is warranted

Strategles:

« Reconnect fragmented netwarks,

« Moderate stream temperature increases;

« Moderate base fhow decreasss;

» Moderate peak flow Increases;

« Increase adaptive capadity of natwe feh

» Minimize adverse impacts in the event
of potential increased wildland tire
disturbance,;

« Reduce uncertainty through research and
mankorng

« Prevent ivasion of non-native species

Relative vulnerability to climate change:
Medium-High

Relative value for

native salmonid conservation:

Lower value, and will lkely reguire a high-level
of investment to moderate cimate impacts,
prevent/remave/suppress non-native fish, and
address fragmentation

Potential Goak:

Facilitate the mavement of current population
to other lacations with moee satable
conditicrs; Fadlitate the transition of the
location t0 a new state; Consider managing
the location for other targets leg., game fish
o nan-fish targets)

Strategles:

« Reduce uncertainty through research and
mankorng

« Relocate Indivicuals to areas likely to remain
or bacome sultable

« Facilitate transition to a new state;

« Determine additional strategies after
claritying management goalis)

Potential value in shoet-term for peoviding
geratic dwersity and/or local adaptations,
best wikk liely require rwestment to address
fraamentatior( Longer-term vaue is lower due
to decreasing habtat suitablity

Potential Goal:

Martain population in the short-tem; in
the longes-tem, consider fadiRating the
mavement of cusrent population to other
locations with mare sukable conditions,
faciitating the transition of the lacation to
anew state, andfor managing the location
far other targets (2.9, game fish or non-fish
targets)

Strategles:

« Reduce uncertanty through research and
manitoring;

« Increase adaptive capacty of nathe fsh;

* Relocate indivicuals to areas likely to remain

o become sukable;

« Faciitate transition 1o a mew state

Relative vulnerability to clmate change:
High

Relative value for
native salmonid conservation:
Low value

Potential Goal:

Faclitate the movement of current population

to other locations with more sultable

conditions; Faclitate the transition of the

location 1o a new state; Coralder managing

the lecation for other targets [e g, game fish

or non-fish targets)

Strategles:

* Reduce uncertainty throwgh research and
moniterng;

+ Relocate individuals 1o areas likely to remain
or become sutable;

« Fackitate transition o a rew shate,

« Determine additional strategles after
clarifyirg management goalls|




WCS

Decision Support Framework

Step 3: Select actions to implement chosen climate adaptation
strategies (from list of example actions)

X

Expand/refound
» populations

Increase population size and numb

ple A 0

« Expand populations at or below minimum viable population size

of populations to recover large,
interconnected populations

» Refound new populations in areas expected to be climatically suitable

Facilitate transitionto a
hew state

Allow colonization by new species
that may be better suited to new
environments and still provide some
ecological function and value

» Remove barriers to invasion

* Introduce new species

Increase adaptive capacity
of native fish

Increase resilience of native fish
populations to warming stream
temperatures and flow changes

+ [dentify and restore “warm-adapted” populations of native trout

» Consider limiting angler pressure on native fish in streams that are at or near temperature
thresholds

* Replicate and supplement native fish populations

* Remove non-native fish

Increase native fish health

« Increase public education to eliminate disease vectors

<]

« Treat or remove infected/diseased fish
e ——
« Eliminate or control pollutants or contaminants

Conserve genotypic/phenotypic diversity

« Conserve or restore a diverse representation of habitats across river basins

* Maintain large population sizes to minimize loss of genetic variability and adaptive potential.

Minimize adverse impacts
in the event of potential
increased wildland fire
disturbance

Identify and minimize negative effects to
areas most vulnerable to fire impacts

» Develop a geospatial layer of debris flow potential for pre-fire planning

» Manage natural fuel conditions and unplanned wildfire effects through fuel management
actions and/or use of unplanned wildfire ignitions to minimize negative effects (severity and
extent) of fire.

Restore areas adversely affected by fire

« Inventory disturbed areas for candidate sites for riparian and upland vegetation restoration

» Restore and re-vegetate burned areas to store sediment and maintain channel geomorphology

~

Continued...
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Step 1

STEP 1: Assess

Dec

3-Step Decision Support Framework

limate Change

1S10Nn

laanqumm document key assamptions (e g, which species you are planring for, what staeam temperatare thresholds yoe are using,
 models or empiricat analyses yos are using, and what time frame you are consdering|
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What actions to take? Where to take those actions? Towards what goal?
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WILDERNESS

Closed to or vehicles,
motorized equipment,
hang gliders and bicycles

Area back of this sign is managed and protected

under Public Law {16U.5.C. 551; 16U.5.C. 1131-1136)

Violations Punishable
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Stream temp. modeling by Jones, Muhlfeldt et al.




Tailoring the Decision Framework

WCS

Decision Support Framework Development Process

. Develo_p L Create a 'vulnerability Create a list of
. . Identify key questions for e . .
Specify conservation . . . matrix’ that aligns example actions
! climate change assessing the relative . - .
target and unit of - - relative vulnerability to implement each
. vulnerability vulnerability of the . i g .
analysis : with forward-looking climate adaptation
factors area or population to .
goals and strategies strategy

climate change




w Talk Outline

WCS

* Applying vulnerability assessments to conservation
planning and action

» Examples of real-world climate-informed
conservation actions




w Taking Climate-Informed Actions

WCS

w WCS Climate Adaptation Fund )

K4 $12+ million invested in 66 &
., adaptation projects since 2011 g

http://wcsclimateadaptationfund.org



w Taking Climate-Informed Actions

WCS

* Less water, worse droughts

14 Solutions to Problems Climate
nange Pose 0 DNSE ation
Examples from the WCS Climate Adaptation Fund

Bigger floods

e s Bigger and hotter fires
T34 4 8

- =——a \'- o o
WS °* Rising seas
* Direct effects on species

* Human responses
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Conservation )]

soqety Cross et al. 2017 %




Less water, worse droughts - Restore the natural water
storage capacity of watersheds/ecosystems

Methow Beaver
Restoration: A Climate
Adaptation Practice

METHOW
BEAVER

« PROJECT

Storing water for the future-one beaver at a time

Restoring Beaver in Southern Utah:

AT
% GRAND CANYON  Keystone Engineer for Climate
— TRUST Change Adaptation




Less water, worse droughts - Restore the natural water
storage capacity of watersheds/ecosystems

Wildlife Using beaver mimicry to improve hydrology

E:?;Z?;"“‘““ and riparian habitat in southwest Montana




Bigger Floods - Design road crossings so stream
functions are unimpeded during flood events

TheNature Q})

Conservancy

Restoring freshwater
connectivity through
infrastructure redesign

Roaring Brook, A FTE R

E. Bailey



Bigger and hotter fires 2 Reduce the risk of post-fire
erosion and flash flood events

Enhancing resilience to

= ALLIANCE catastrophic fire in the

52

_—=m Protecting our Mountain Islands S ky | S | a n d S

and Desert Seas ! BRtrS, - = Sky Island Alliance




Direct effects on species - Take actions to benefit
species expected to thrive under future climate

° 0 . I l | ' - | \
Adaptation Forestry in Minnesota’s Northwoods (T:heature \-)
| | Onserancy .




w Take Home Messages

WCS

* Vulnerability assessments are a useful input to
informing decisions that are forward-looking

* There are many approaches to brainstorming
adaptation responses, and linking to decisions

* Growing numbers of climate-informed
conservation actions being implemented — take
inspiration from those ideas, but tailor to meet
local needs
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