SALMON RESPONSES
TO CLIMATE CHANGE




IMPORTANCE OF SALMON IN THE

SKAGIT

 Importance to the ecosystem

« Tribal rights
* Recreational value to local economy

ESA listings constrain resource
management




CLIMATE SCIENCE AND SALMON




OVERVIEW




Are all salmon
similarly affected
by climate change?

NO!




CLIMATE AFEFECTS
SALMON & THEIR HABITATS




EVALUATING VULNERABILITY OF SALMON
TO CLIMATE CHANGE
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Spawning

SKAGIT SALMONID LIEE HISTORY PATTERNS
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Sockeye
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trout

Cutthroat

_ Freshwater rearing _ Nearshore rearing Ocean rearing




JUVENILE LIFE HISTORY
VARIATION
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CLIMATE IMPACTS TO FRESHWATER
LIFE STAGES
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REDUCE SALMON SURVIVAL
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A PRIMARY MECHANISM:
INCREASED SEDIMENT LOADING

- (Curran et al. 2011)

10% juv. survival

Redd scour |

Sediment infiltration in redds

Avoidance, less feeding

g
o

Rising stage
Falling stage
Group Avg.
— Q. 13-C
——===fg. 2
- - - - 95% Prediction Interval

)
>
©

o

\
[2)
c
@]

e}
[&]

=

-
[0
£

N

-
c
(]

£

©
[0}
(72}

e}
[}

©
c
o
Q.
n
>

w

1,000

River discharge (m3/sec )




CHUM BLINDED: BY SEDIMENT
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CLIMATE CHANGE WILL INCREASE
SEDIMENT LOADING
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SALMONID SPAWNING AND REARING:
RESPONSES TO LOW FLOWS
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CHANGES IN TEMPERATURE

August Mean Surface Air Temperature
and Maximum Stream Temperature
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PROJECTED TEMPORAL CHANGES
AFFECTING BULL TROUT

Big Beaver Creek (Glacial) Ruby Creek (Transition) Skagit at Mt Vernon
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CLIMATE IMPACTS IN FRESHWATER:
2040

Skagit River at Mt Vernon - 2005 WY Unregulated
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CLIMATE IMPACTS IN FRESHWATER:
2050

event

High flows
(>71,500 cfs

Low flows
(<4000 cfs)
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CLIMATE CHANGE AND REGULEATED
INSTREAM FLOWS




CLIMATE IMPACTS TO ESTUARY,

NEARSHORE, & MARINE LIFE STAGES

« Estuary Rearing
T Temp
T Sea level

* Nearshore Rearing
T Temp
T Sea level
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« Ocean Rearing
T Temp
| pH & DO




SEA LEVEL RISE

no rise 45cm rise 80cm rise
in sea level in sea level in sea level
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MARINE TEMPERATURES

2001-2008 Proportion of observations
with Chinook present

R?=0.92429

Frequency of
temp observations
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OCEAN ACIDIFICATION

Historical: pH = 8.2

Observed decreases 2000-2008 at Neah Bay

Projected: pH decline of 0.14 —0.35 by 2100

Across Puget Sound in 2011, strong % R *
correspondence of crustacean densities and z

salmon biomass as a function of pH % S

Strong climate driven changes in pH would be g »o A\
at odds with pH distribution for both salmon 5 RN for'se &

and their prey 0 -—&- =

pH at surface



STRATIFICATION AND
HYPOXIA




Putting it all together —
A vulnerability assessment for Skagit

salmonids
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SALMON & CLIMATE DRIVERS
OVERVIEW
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CLIMATE CHANGE THREATS:

PRELIMINARY RESULTS
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CLIMATE CHANGE THREATS:

PRELIMINARY RESULTS
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Adapting to impacts of climate

change




HABITAT CHANGE AND' PREDICTED
POPULATION EFEFECTS




LIFE HISTORY VARIATION IS KEY
FOR RESILIENCE

Improved viability of
populations with diverse
life-history portfolios

Correigh M. Greene'-*, Jason E. Hall', Kimberly
R. Guilbault? and Thomas P. Quinn?

'Northees Fisheries Science Cenver, 2725 Mondake Bowlevard East,
Seanle, WA 93112, USA

*Graduare Degree Program in Ecology, Colorado Stare University,
Forr Collins, CO 80523, USA

School of Aquasc and Fisheries Sciences, University of Washingon,
Seanle, WA 98195, USA

*Awha for cormespandence (corragh greow @noaa gov).

Population diversity and the portfolio effect in an

exploited species

Daniel E. Schindler',Ray Hilborn',Brandon Chasco', Christopher P. Boatright', ThomasP. Quinn', Lauren A. Rogers'

& Michael S. Webster®

LETTER

Synchronization and portfolio performance of threatened salmon
Jonathan W. Moore', Michelle McClure', Lauren A. Rogers?, & Daniel E. Schindler?

! Northwest Fisheries Science Center, National Marine Fisheries Service, Seattie, WA 98110, USA
2 5chool of Aquatic and Fishery Sciences, University of Washington, Seattle, WA 98195, USA




JUVENILE LIFE HISTORY
VARIATION




MITIGATING CLIMATE CHANGE




MITIGATING CLIMATE CHANGE




SUMMARY




