This information is preliminary and is subject to revision. It is being provided to meet the need for_. «
timely best science. The information is provided on the condition that neither the U.S. Geological®
Survey nor the U.S. Government shall be held liable for any damages resulting from the authorized or .
unauthorized use of the information.

i dentifying heat stress in Pacific %USGS
SaImOn US|ng mUSC|e science for a changing world

Vanessa R. von Biela, Amy M. Regish, Lizabeth Bowen, Stephen D. McCormick, Ashley E. Stanek,
Shannon Waters, Michael P. Carey, Christian E. ZImmerman, Jonathon Gerken, & Daniel Rinella




Heat stress
became an
obvious issue for
Alaska’s salmon in
summer 2019.




What is heat stress?
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Water is so warm that the body isn’t working
normally.

Proteins inside cells are damaged.
For adults, typically begins ~18°C/65°F
For juveniles, >20°C/68°F

Risk of mortality and reduced reproduction.




Stocks of ‘Conservation Concern’

» State of Alaska has 19 stocks of ‘conservation concern’
» Nearly all are Chinook salmon (15 stocks)

» No coho salmon stocks

» Chinook salmon and coho salmon have very different levels of
conservation concern even though they co-occur in similar
freshwater and marine habitats.

- If we validate heat stress biomarkers in both species we can see
how well each species is able to avoid heat stress.



Biomarkers

Gene transcription (MRNA) Heat shock protein 70

» 13 genes » One group of proteins; one data
> HSP genes value
» Immune genes » Chaperone protein
» Detox genes » Elevated in response to damage

. in other proteins
» Metabolism gene P

» Lab method: gPCR » Provides a temporary increase in

thermal tolerance
» Lab method: ELISA
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Move beyond describing
‘N mean/median differences in
biomarkers

Stat|3t| Cal Classifications &

% heat stress

approach

More easily integrated in
‘}I: population dynamics &

escapement management




Experlmental valldatlon

Hatchery juveniles
e Chinook salmon, n =151
e Coho salmon, n =141
* No temperature-related mortality
12 and 36 hr treatment
Five water temperatures
« 15,17, 19, 21, and 23°C
 Span the optimal to stressful transition
 Ecologically relevant for the Deshka

watershed




We have some concerns about temperatures limiting
‘habitat availability for juvenile salmon

Juvenile are also useful.for fine-tuning biomarkers we
can use for adult salmon too




Hatchery juveniles

» ADF&G Wiliam Jack Hernandez Sport
Fish Hatchery

» Anchorage, Alaska

» Both stocks originated from wild
Alaskan fish from cold watersheds

» Chinook salmon May 2020 @ ~95mm FL
» Coho salmon May 2021@ ~55 mm FL
» Treatment x species sample size ~30




Classification analysis

» With these large sample sizes, we can plot HSP70 data as a
histogram and fill in bar colors with water temperature treatments.

» We expectto see two groups of fish separated by a data gap
» Group 1: Low baseline HSP70 at cooler water temperature (‘OFF’)
» Group 2: Elevated HSP70 at warmer temperatures (‘ON’)

» If there is a gap in data between the two states, that’s a useful threshold
for classification
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Coho salmon
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Chinook salmon
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Tool-box conclusion:

HSP70 protein concentrations from
skeletal muscle tissue are a good
biomarker for heat stress, separating
iIndividuals from warm and cool
treatments correctly >95%




Coho salmon vs. Chinook salmon

Treatment Coho salmon Chinook salmon

No heat stress No heat stress
NoO heat stress No heat stress
No heat stress No heat stress

Minor increase in HEAT STRESS
HSP70, not distinct Distinct increase in

enough to classify as HSP70 (>2 ng HSP/mg
stress total protein)

HEAT STRESS HEAT STRESS

Distinct increase in Extremely high HSP70
HSP70 (>3 ng HSP/mg  (>20 ng HSP/mg total
total protein) protein)

Chinook salmon were more temperature
sensitive than coho salmon in this study




Questions?
vvonbiela@usqgs.gov / 907-786-7073
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As we dive into the wild juvenile data, we’ll be leaning on the water
temperature monitoring data
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