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Past and future climate changes
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Fisheries

SPECIAL ISSUE
Wildlife interactions

Non-forest vegetation changes
Wildfire

Revisiting Climate Change Predictions from 1992

How Wetlands & Snowpack Help Us

Understand a Changing Climate Pests pathogens diseases

Water in the Balance

Paleo-climate-ecology relationships

And much more...




w Adaptation Planning

WCS & Capacity Building

Rocky Mountain Partner Forum
Workshop on Climate Adaptation
for Cold Water Ecosystems
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'+ Scientists, managers
", * Agencies, tribes, NGOs

* « Some presentations,
~  mostly interactive
planning and sharing

http://greatnorthernicc.org/partner-forums/rocky-mountain



More Adaptation Planning

’ Capacity Building

Northern Rockies Adaptation
Partnership (NRAP) —
Workshops across USFS R1

B8 o & ZUSGS &3 2.

' /’y, C3 NRAP Subregions
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More Adaptation Planning

Menu 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 Science, Assessment, Capacity

el Building & Planning to Action

Capacity
Building Adaptation

Plans & Options

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

STRATEGY TACTIC

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

Connect that y

cold (and may warm to suitable levels in the future)

Consider limiting angler pressure on native fish in streams that are

Increase resilience of native fish at or near temperature thresholds
populations to ir i e for long-term Id- fish
Conduct field experi fish: 7 for

multiple species and regions
Monitor changes in stream temperature for fish distributions

Understand inputs are
water
Replace or retrofit future
native fish flood periods
species by reducing barriers to identify, prioritize, and barriers to nath
movement. Minimize water diversions; where they exist, ensure fish ladders
i native trout
- Increase i i
Inresso POPUSLONOSIERCE DY vy s holhconitions

irect treatment or removal of infected fish
y

“Combii

barriers

Remove or control non-native fish species (electrofishing, chemical

removl, of non-

natives)

:;:“"” spread of non-native fish
“Assess status of non-native fish more frequently to better detect
changes in invasions (perhay )

Model future changes in stream flow and habitat to anticipate

non-natives have b ] y by

SPECIAL ISSUE Larers

an
Increase spawning habitat resilience | width-depth ratios and frequency of pools
by floodplain spawning
structure and processes Increase use of engi jams where feasible
Prevent or. pecie

ensuring adequate

Revisiting Climate Change Predictions from 1992
e, 0 What to do?
Where to do it?
Towards what goal?




w Towards Adaptation Action
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Using information on
climate vulnerabilities
to select goals and
actions from a menu of
adaptation options
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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)

Linh Hoang, USFS Region 1 climate coordinator



Deciston Support Framework
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3-Step Decision Support Framework
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Step 1: Assess vulnerability of selected native salmonid
population to climate change

Vulnerability Levels

Climate Change

Vulnerability Increasing Vulnerabili
Factors

Habitat

Suitability Habitat likely to remain or become suitable Habitat likely to become marginal Habitat likely to become unsuitable
Threafs frc?m 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
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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:

Towhat 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?

« If 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)?

« If 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)?

« |s 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)?

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

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




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

Vulnerability Levels

Climate Change
Vulnerability Increasing Vulnerabili

Factors

Suil:aatl:illti@kely to remain or become suitaD Habitat likely to become marginal Habitat likely to become unsuitable

Threafs frc?m 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 netwoD Population likely to remain or become isolated

* 12 combinations of vulnerability factors and levels
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Deciston Support Framework

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

POPULATION IS CONNECTED TO ALARGER NETWORK
HIGH THREAT FROMNON-NATIVE FISH

LOWI THREAT FROM NON-NATIVE ASH

|

HABITAT REMAINS OR BECOMES SUITABLE  HABITAT BECOMES MARGINAL |mummmmn

Relative vulnerability to climate change: Relative vulnerability to climate change: Relative vulnerability to climate change:
Low Medim 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 Potertial valie over the long tem, but wil Potential value in the short term to help with
Potential Goal: thely require irwestment to moderate cimate | population recowery, maintenance of genetic

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

Strategies:

« Protect clmate refugia;

« Protect existing networks;

« Expand/refound papulations;

« Prevent invasion of pon-nathe tish

Relative vulnerability to climate change:
Medum-Low

Relative value for

native salmonid conservation:

High value in both the short and long term,
but may require investment to prevent/
removelsuppress nen-native fish
Potential Goal:

Prevent invasion of nan-native fish (or
remove/suppress i already present),

and protect and maintain (orimprove it
warranied) this habitat network for long-term
consenvation of native salmonics
Strategies:

* Remove/suppress non-native fish,

+ Prevent invasion of nan-native fish;

« Expand/refound populations;

+ Protect existing networks;

« Protect climate refugla

impacts

Potential Goak

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

Strategles:

» Moderate stream tempesature Increases;

» Moderate base fiow decreases;

» Moderate peak flow Increases;

» Increase adapinve capacity of native fish

» Minimize adverse impacts in the event
of potentlal ncreased wildland fire
disturbance;

» Protect existing networks;

« Reduce uncenanty through research and
monkonng,

« Prevent rwasion of non-native fish

Relative vulnerability to climate change:
Medum-High

Relative value for

native salmonid conservation:

Potertial valuse over the long tem, but wil
require a high-level of mestment to both
moderate climate impacts and prevent/
remave/suppress non-nathe tih

Potential Goal:

Prevent rwasion of non-native fish for
remave/suppress if already present], and
improve the suRability of this habrat network
for long-term consenvation of native
saimonids

Strategles:

» Moderate stream température increaces;

» Moderate base fiow decreases;

» Moderate peak flow Increases;

» Increase adaptive capacity of native fishy

« Remowe/oappress non-natie fish,

» Prevent irwasion of non-native fish;

» Minimize adverse Impacts in the evert
of potential increased wildland fire
disturbance;

» Protect exsting networks,

» Reduce uncertanty through research and
monkonng

diversity and/or local adaptations; Longer-
term vakue |s lower due to decreasing habitat
sultablity

Potential Goat:

Martain popdiation in the short-term; in
the lore m, consider fadlRating the
mavement of current papulation to othe
lecations with mare sufable conditions,
faciitating the transition of the lacation to
anewstate, andlor managing the location
for other targets (e.g, game fish or non-fish
targets)

Strategles:

« Reduce uncertainty theough research and
moniteeng,

« Increase adaptive capadity of natme fsh;

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

« Fadlitate transkion to a ew state

Relative vulnerability to climate change:
High

Relative value for

native salmonid conservation:

Potential value in the short term to help

with population recovery, maintenance of
genetic dwersity and/or local adaptations, but
will require investment 1o prevent/remonwe/
supgress non-native fish; Longer-term value &
lower due to decreasing habRat suitabilty
Potential Goat:

Fadlitate the movement of current population
to other locations with more sukable
conditicns; Faciitate the transition of the
lecation to a e state: Conslder managing
the location for other targets [eg., game fish
o non-fish targets)

Strategles:

« Reduce uncertainty theough research and
maniteeing

« Relocate individuals to areas Likely to remain
or become sutable:

« Fadilitate transkion 1o a res state.

« Determine additional strategles after
claritying management goalis|

HABITAT REMAINS OR BECOMES SUITABLE I HABITAT BECOMES MARGINAL

LOW THREATFROM NON-NATIVE ASH

l

POPULATION REM AINS OR BECOMESISOLATED

HIGHTHREAT FROM NON -NATIVE ASH

Relative vulnerabiity to climate change:
Medium-Low

Relative value for

native salmonid conservation:

Potential value for providing geretic dversity
andfor local adaptations in both the shart and
fong term, bt wik Likely require mvestment to
address fragmentation

Potential Goal:

Evalate representativeness of this population

acrass the landscape, and detemine what

level of peotection/reconnection to other
habRats |s wamranied

Strategles:

« Reconnect fragmented networks

» Protect climate refugla;

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

« Expand population

» Prevent irwasion of non-rative fish

Relative vulnerability to climate change:
Medum

Relative value for

native salmonid conservation:

Poternial value, but may will likely require
mestment to preventiremone/suppress non-
nathee tish and address fragmentation

Potential Goal:
Evahate represeriatieness of this population
across the landscape, and detemine what
lewvel of peotection, reconnection to ather
habiats, and management on non-native fish
& warranted
Strategles:
» Reconnect fragmented networks;
« Protect climate refugia;
« Minimize adverse impacts in the event
of potential ncreased wildland fire
disturbance;
« Expand population;
» Prevent rwasion of non-native fish

Redative vulnerability to climate change:
Medum

Redative value for

native salmonid conservation:

Potential value for providng genetic diversity
andlor local adaptations, but wil likely require
Imestment to moderate climate impacts and
address fragmentation

Potential Goal:

Evaluate regeesentativeness of this population
across the ndscape, and determine what
lewel of provectionfrestorationfacthve
management Is wasranted

Strategles:

« Reconnect fragmented netwarks;

« Moderate stream temperature Inoreasss;

» Moderate base flow decreases;

*» Moderate peak flow Increases;

« Increase adaptive capadity of natwe feh

» Minimize adverse impacts in the event
of potential iIncreasad wildland fire
disturbance,

« Reduce uncertainty through research and
monkorng

« Prevent wasion of non-native species

Relative vulnerability to climate change:
Medum-High

Relative value for

native salmonid conservation:

Lower value, and will ikely reguire a high-level
of investment to moderate dimate impacts,
prevent/remavesuppress non-native fish, and
address fragmentation

Potential Goak:

Facilitate the mavement of curent papulation
to other lacations with moee sutable
conditions; Facilitate the transition of the
location 0 a new <tate; Consider managing
the location for cther targets leg., game fish
o nan-fish targets)

Strategles:

« Reduce uncertainty through research and
monkorng

« Relocate Individuals to areas Likely to remain
or become suitable

« Fadilitate transiion to a rew state;

« Determine additional strategies after
claritying management goalls)

Relative vulnerability to climate change:
Medium-High

Relative value for

native salmonid conservation:

Potential value in shoet-term for providing

genetic dwersity and/or local adaptations,

best wik lisely require rwestment to address

fraamentatior( Langer-term value s lower due

to decreasing hatetat suitabiity

Potential Goal:

Manriain population in the short-term; in

the longes-tem, consider fadlRating the

mavement of current population to other

lecations with mare sukable conditions,

faclitating the transition of the location to

anew state, andfor managing the location

far other targets fe.q, game fish or non-fsh

targets)

Strategles:

« Reduce uncertanty throwgh research and
manitorng,

« Increase adaptive capacty of natve fish

« Relocate individuals to areas likely to remain

or become sukable;

« Faciitate transition 10 a new state

Relative vulnerability to climate change:
High

Relative value for
native salmonid conservation:
Low value

Potential Goal:

Faclitate the movement of current population

to ather locatians with more sulable

corditions; Faclitate the transition of the

location to a new state; Coralder managing

the location for other targets (e g, game fish

e non-fish targets)

Strategles:

+ Reduce uncertanty throwgh research and
moniteeng;

« Relocate individuals to areas likely to remain
or bacome sukable;

« Facitate transition o a e state,

+ Determine additicnal strateqies after
clarifying management goalls|



Step 2: Use vulnerability matrix 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 3: Select actions to implement chosen climate adaptation
strategies (from list of example actions)

X

Expand/refound
» populations

Increase population size and numb
of populations to recover large,
interconnected populations

DLE A 0

» Expand populations at or below minimum viable population size

« Refound new populations in areas expected to be climatically suitable

Facilitate transitionto a
new 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
————————

—

» 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

[dentify 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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3-Step Decision Support Framework
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What actions to take? Where to take those actions? Towards what goal?



Tailor the Decision Framework%ii%

WCS

Decision Support Framework Development Process

Develop critical

. ; Create a ‘vulnerability Create a list of
. . Identify key questions for ., . .
Specify conservation . . . matrix’ that aligns example actions
) climate change assessing the relative . - .
target and unit of o o relative vulnerability to implement each
X vulnerability vulnerability of the . 5 i .
analysis . with forward-looking climate adaptation
factors area or population to .
goals and strategies strategy

climate change




Ask us questions. Ask us to replicate this tool for your work. Tell us
how you’ve used it.

Lara Hansen, EcoAdapt Lara@EcoAdapt.org
Molly Cross, Wildlife Conservation Society MCross@W(CS.org

Learn more:
www.cakex.org/virtual-library/three-step-decision-support-
framework-climate-adaptation-selecting-climate-informed



