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Hypothesis: Warm Water temperatures 
are inducing heat stress in Pacific salmon 

in Alaska

Photo: Zimmerman, USGS
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2014-2018: Warmest 5 years on record

NASA
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Salmon mortality linked to record heat in 2019
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Mortality can be high in warm water

Hinch et al. 2012

 Fraser River Sockeye 
Salmon 

 Symbols are different 
spawning tributaries
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Pacific salmon heat stress projects

Pilgrim River 
sockeye salmon

2014–2016 

Yukon River 
Chinook salmon

2016–2017 
Deshka River 

Chinook salmon
planned
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New Project: Heat stress in juvenile and adult 
Deshka River Chinook salmon

-Juvenile heat stress experiment
-Estimate heat stress rates in 
juveniles from reaches that differ 
in temperature
-Estimate heat stress in adults at 
the weir
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Carey et al. 2019 TAFS
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Pilgrim River Sockeye Salmon

>18 ºC = potential heat stress

18 ºC ~ 65 °F
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Biomarkers of heat stress

Heat shock protein 70 (HSP70)
 Established

 Response within hours

 Chaperone that maintains cellular 
function

 Measuring relative abundance of 
HSP70 protein

Willmund et al 2013
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Carey et al. 2019 TAFS

Pilgrim River Sockeye Salmon

Heat stress 
indicated in 
just 5% of fish 
(n = 66)

18 ºC ~ 65 °F
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Yukon River Chinook salmon
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Yukon River 
Temperatures

>18 ºC = potential heat stress

Middle Yukon River, Rapids River Research 

Migration
Timing

21 ºC ~ 70 °F
18 ºC ~ 65 °F
15 ºC ~ 59 °F
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Yukon River Chinook Salmon 
Biomarkers
Heat shock protein 70 (HSP70)

 Established

 Response within hours

 Chaperone that maintains cellular 
function

 Measuring relative abundance of 
HSP70 protein

Willmund et al 2013
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Gene transcription panels
 Response within hours

 Potential to understand 
mechanisms leading to mortality

 Measuring mRNA of specific genes 
including HSP70

Khan Academy

Yukon River Chinook Salmon 
Biomarkers
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Yukon River Water Temperatures

ADF&G data available at http://sf.adfg.state.ak.us/CommFishR3/Website/AYKDBMSWebsite/

~21 ºC/ 70 °F = 
mortality 
>18 ºC / 65 °F = 
potential heat 
stress
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Muscle biopsy & live release of 500 fish in 
2016 and 2017 across the watershed
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Heat Stress 
indicated by 

genes

Heat Stress 
indicated by 

proteins

35%

No indication 
of heat stress

26% 16%

Overall 65% of 2016-2017 Yukon River Chinook salmon 
sampled had some indication of heat stress 

23%

39%
49%

477 individuals
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Heat stress in Pacific salmon

Pilgrim River Sockeye salmon
 Cool water generally < 18 °C / 65 °F

 Little evidence of heat stress
 5% Heat stress from HSP70  

Yukon River Chinook salmon
 Warm water often 18 – 21 °C / 65 – 70 °F 

 Strong evidence of heat stress 
 39% Heat stress from HSP70

+ 26% Heat stress from genes 

= 65% Heat stress total
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Deshka River was >27 °C in 2019!!
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Thanks to…

 Arctic Yukon Kuskokwim Sustainable Salmon Initiative
 Rampart Rapids subsistence fishing community
 Community of Pilot Station
 ADF&G Test fishery crews and FWS weir crews in 2016 and 2017
 Norton Sound Economic Development Corporation field crews in 2014-2016
 2018 Pilot Station Sonar Crew
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