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Pacific salmon 
abundance is near 
historic highs overall, 
and Bristol Bay 
sockeye returns are 
off the charts

Climate, salmon, and 
fishing communities:  
A story of boom, bust, 
and uncertainty



...but Chinook and chum 
salmon declines have 
devastated subsistence 
communities in Western 
and Interior Alaska
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We can better understand and adapt to these changes 
through collaborations between fishing communities, 
fisheries biologists, and climate scientists

How is climate influencing salmon populations?
How can applied research help fishing communities adapt?



Road map for this webinar

● Getting dirty: Field work on predators, bugs, and fires
● Getting nerdy: Incorporating climate science into 

population dynamics research

● Getting wordy: Conversations among Indigenous 
knowledge holders, agency scientists, and academics 
to bridge cultures and disciplines

● Climate solutions for Alaska

How is climate influencing salmon populations?

How can applied research help fishing communities adapt?
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How is climate influencing salmon populations?

Figure by Megan Feddern

LOTS OF EVIDENCE



Climate can 
influence salmon 
indirectly via their 
predators, prey, 
pathogens, and 

competitors

Ryan Hagerty / USFWS

Avery Hoffman / ONC

Ryan Murphy



Changing 
landscapes can 

affect how 
sensitive or 

resilient salmon 
are to climatic 

changes
Fish Talk Consulting

US Fish and Wildlife Service

Schoen et al. 2017 Fisheries



Approach: 
● Collected predatory fish 

stomach contents with 
help from sport and 
subsistence fishers

● Diet analysis using 
genetic barcoding

Results:
● Nearly all predation of 

Chinook detected in 
sloughs, not mainstems

● Much more predation 
during a record high-flow 
year than an average 
flow year

How does climate influence predation risk of juvenile salmon?

Schoen, Sellmer, Wipfli, et al. 2022 Ecol. Freshw. Fish

Kristen Sellmer



Surprise research opportunity: The 2019 Nugget Creek Fire bisected a 
major Chinook spawning and rearing area on the Chena River where we 
were in the middle of an ongoing study on climate, bugs, and juvenile 
salmon

Objectives: Compare water quality, invertebrate drift (fish food), and 
salmon body size between fire-influenced and reference sites one year 
after the wildfire

How does wildfire influence juvenile Chinook salmon feeding 
and growth?

Tributaries

Mainstem

Yukon River Intertribal Fish Commission



Seth Adams Photography
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Fire-influenced mainstem reach

● Turbidity 74% greater (±25% SE; p < 0.01)

● Slight difference in temperature

● Invertebrate drift density 35% lower (±5% SE; p < 0.001)

● No difference in invertebrate drift energy content

● Juvenile salmon grew to a similar final body weight 
in both reaches

Preliminary conclusion: Juvenile Chinook growth may 
be resilient to wildfires of this scope and intensity

Current work: Applying drift foraging model to identify 
limiting factors and generalize beyond our study area

Date

Fire-influenced
Reference

Fire-influenced
Reference

How does wildfire influence juvenile Chinook salmon feeding 
and growth?



Environmental monitoring data are sparse and often not co-located 
with salmon monitoring sites

K. Whitworth/KRITFC

Salmon 
population 
monitoring

Streamflow 
monitoring

Stream 
temperature 
monitoring

Cook Inletkeeper

J. Conaway/USGS

How is climate influencing salmon populations?

Common approach: Use climate 
records from a nearby weather 
station as a proxy for conditions 
in salmon habitat



Regional climate 
drivers

Climate is filtered by local watersheds

To quantify climate drivers of 
salmon productivity, we need 
data from relevant local scales

Watersheds 
respond 
differently

Schoen et al. 2017 Fisheries



1. Assembled climate time series data
Watershed-scale
• Stream temperatures from field measurements
• Precipitation from downscaled climate models
Regional
• Ice breakup timing and ocean conditions

2. Developed productivity time series for 15 
Chinook populations (run reconstruction)
• Spawning abundance
• Fisheries harvest
• Age composition

3. Quantified drivers of salmon productivity
• Hierarchical Bayesian spawner-recruit model

Jones, Schoen, Shaftel et al. 2020. Global Change Biology

How does climate influence Chinook salmon populations 
in the Cook Inlet Basin?



• Chinook were less productive 
when they experienced above-
average rainfall during and after 
spawning

• Chinook were more productive 
when they experienced 
moderate rains during juvenile 
rearing

• Precipitation effects were 
consistent across populations

Precipitation effects were 
consistent across populations

How does precipitation influence Chinook salmon populations 
in the Cook Inlet Basin?

Jones, Schoen, Shaftel et al. 2020. Global Change Biology



● Above-average stream 
temperatures had highly 
variable effects across 
populations

How does temperature influence Chinook salmon populations 
in the Cook Inlet Basin?

Jones, Schoen, Shaftel et al. 2020. Global Change Biology
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● Above-average stream 
temperatures had highly   
variable effects across 
populations

● Chinook were less productive 
when temperatures exceeded 
18˚C (64˚F) for a week or more 
during spawning

Conclusions: Heavy fall rains and 
hot, dry summers contributed to 
population declines and federal 
fisheries disaster

Paul Vecsei
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How does temperature influence Chinook salmon populations 
in the Cook Inlet Basin?

Jones, Schoen, Shaftel et al. 2020. Global Change Biology



• Water temperatures above 18˚C (64˚F) 
associated with heat stress for adult 
Chinook salmon in the Yukon River
• Heat shock proteins
• Gene transcription

• These temperatures are already 
occurring in most years in the lower 
Yukon River (Von Biela et al. 2020)

• Salmon die-offs documented in 
Koyukuk River and across Alaska 
during the 2019 heat wave                 
(Von Biela et al. 2022)

Corroborating field evidence: Heat stress in Yukon River 
salmon 

Shannon Waters / USGS

Randy Brown / USFWS

Von Biela et al. 2020



How does climate influence Chinook salmon populations 
in the Arctic-Yukon-Kuskokwim region?

KNOM



Our emphasis: looking across 

KNOM



Pathways forward for applied research

Collaboration and Co-production

● Collaborate with Indigenous communities, 
subsistence users, and management 
agencies throughout the research process

● Co-production is best begun at the earliest 
stages of strategic planning and proposal 
development

● Provide equitable compensation to 
knowledge holders and community 
members who contribute time and 
participate in research

Photo: Peter Westley
Figure by Megan Feddern

How can applied research help fishing communities adapt?



Data Discovery and Visualization Tools

● Develop data visualization tools to identify 
co-located datasets and critical gaps

● Shiny App and Web Mapper: 
http://tinyurl.com/ayk-kings

● Illustrate the network of relationships 
between communities, agencies, 
programs, and projects involved with AYK 
Chinook salmon

Figure by Megan Feddern

Pathways forward for applied research

How can applied research help fishing communities adapt?

http://tinyurl.com/ayk-kings


Traditional knowledge and novel technologies

● Develop processes to better integrate 
Traditional and local knowledge into the 
research process

● Generate environmental time series using 
remotely sensed and modeled data 
products

● Strengthen community-based monitoring 
programs with new technologies like 
environmental DNA sampling

Photo: Terese Schomogyi
Figure by Megan Feddern

Pathways forward for applied research

How can applied research help fishing communities adapt?



Community-Based Monitoring

K. Whitworth/KRITFC

Remote Sensing

Agency Monitoring

Downscaled Climate ModelsTraditional Ecological Knowledge

NPS Bieniek et al. 2017

Field and Lab Research

Seth Adams Photography Lisa Hupp/USFWS

NASA Figure by Megan Feddern



○ Culvert replacement to reconnect 
rivers with their floodplains

○ Wetland restoration
○ Green storm-water infrastructure

○ Restoring riparian vegetation for 
shading

○ Identifying and conserving cool-
water refuge habitats

Cook Inletkeeper

Fish Talk Consulting

If high stream temperatures are limiting...

If heavy rains or high flows are limiting...

Climate solutions: building resilience in freshwater



○ Consider tradeoffs between 
recent high levels of 
hatchery production and 
wild salmon returns

○ Marine heat waves may 
exacerbate these tradeoffs

If ocean climate and competition 
are (co)limiting...

Anne Shaffer and CWI

Climate solutions: building resilience in the ocean



○ Develop improved pre-season 
forecasts to help fishing 
communities anticipate and prepare 
for boom and bust seasons 
(forecasts currently include NO 
environmental drivers)

○ Focus research, monitoring, and 
restoration efforts on the most 
limiting processes and the most 
effective policies

If we can better understand climate 
drivers of salmon populations, this 
may help to ...

Anne Shaffer and CWI
KNOM

Climate solutions: reducing uncertainty



Take-home message for Alaskans: We have local control 
over many factors influencing our future salmon runs

Building resilience
• Freshwater
• Ocean
• Reducing uncertainty in 

booms and busts
may allow salmon runs and 
fishing communities to continue 
to thrive in the face of change

Jonny Armstrong



Questions? Erik Schoen 
eschoen@alaska.edu
www.researchgate.net/profile/Erik_Schoen
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