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Headlines 

• Western Alaska salmon abundance reached historic extremes during 2021-22, with record lows 
for Chinook and chum salmon (81% and 92% below the 30-year mean, respectively) and record 
highs for sockeye salmon (98% above the 30-year mean). 

• Salmon are maturing at smaller sizes. Since the 1970s, for example, Yukon River Chinook salmon 
have decreased an estimated 6% in mean adult body length and 15% in fecundity, likely 
exacerbating population declines. 

• Salmon population declines have led to fishery closures, worsened user conflicts, and had 
profound cultural and food security impacts in Indigenous communities that have been tied to 
salmon for millennia. 

• Changes in abundance and size are associated with climatic changes in freshwater and marine 
ecosystems and competition in the ocean. Changes in predators, food supply, and disease are 
also likely important drivers. 

Introduction 

Pacific salmon populations in western Alaska have responded differently to recent climatic changes, 
with Chinook salmon (Oncorhynchus tshawytscha) and chum salmon (O. keta) reaching record low 
abundance levels, while sockeye salmon (O. nerka) have attained record high abundance levels since 
2020 (Fig. 1). Why these species have responded differently has important implications for the future of 
Pacific salmon in a warming Arctic. Here, we refer to “western Alaska” salmon as those spawning in 
watersheds that drain into the eastern Bering Sea. Indigenous Peoples in this region, including First 
Nations communities residing along Canadian tributaries to the Yukon River, have been tied to salmon 
for at least 12,000 years, while commercial fisheries have been economic mainstays since the late 1800s 
(Carothers et al. 2021). Salmon populations in this region have global significance, producing over half of 
the world’s commercial catch of sockeye salmon from Bristol Bay and have historically supported the 
world’s largest subsistence fisheries for Chinook and chum salmon in the Yukon and Kuskokwim 
watersheds. These species, and to a lesser extent, pink (O. gorbuscha) and coho (O. kisutch) salmon, 
remain a critical source of food, employment and cash income, and cultural practices essential for 
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communities’ well-being and traditional ways of life (Brown and Godduhn et al. 2015). We report 
evidence of these changes primarily through the lens of western science, focusing on a few well-studied 
stocks, and we acknowledge this essay does not convey the breadth of perspectives or the complexity of 
ecological changes across the region. 

Fig.  1. Contrasting trends in abundance and demographics of key salmon stocks in western Alaska. Dots represent 
communities in the US and Canada. Map and infographic credit: NOAA/Sarah Battle. Salmon illustrations credit: 
Katie Kobayashi. 

Changes in salmon abundance 

Chinook salmon abundance has declined in western Alaska over several decades, culminating with the 
lowest adult returns on record in the Yukon River in 2022 at 81% below the recent 30-yr mean 
(1991-2020; Fig. 2). Adult returns reflect the numbers of maturing salmon that return to inshore waters 
each year, including those that return to freshwater to spawn and those that are harvested in fisheries. 
Chinook salmon abundance also reached record lows in other Bering Sea drainages, including the 
Unalakleet, Kuskokwim, and Nushagak Rivers during the last five years, mirroring recent declines of this 
species throughout its range in the North Pacific Ocean. Chum salmon abundance was above average 
during most of the 2010s, then declined abruptly in the last five years across the region, falling to a 
record low in 2021 at 92% below the recent 30-yr mean in the Yukon River, for example. Preliminary 
data indicate Chinook and chum abundance rebounded slightly in 2023 but remained well below 
average. 
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Fig.  2. Abundance of key salmon stocks in the Yukon and Kuskokwim Rivers and Bristol Bay. Abundance includes 
spawning abundance and fisheries harvest, estimated with run reconstruction models (see Methods and data). 
Anomalies are shown relative to their 1991-2020 means. 2023 data are preliminary and only available for some 
stocks. Source: Alaska Department of Fish and Game (ADF&G). 

In contrast, sockeye salmon abundance has increased in western Alaska during the last decade, including 
a record high return to Bristol Bay in 2022 at 98% above the 30-yr mean. These record high runs have 
supported record harvests in fisheries while also surpassing management targets for spawner 
abundances. Substantial increases in sockeye salmon abundance have also been documented in the 
Kuskokwim River to the north of Bristol Bay. 

Declines of Chinook salmon in the Yukon River have received particular attention, revealing associations 
with climatic and biological changes in freshwater and marine ecosystems. Most of the year-to-year 
variation in adult returns is correlated with the abundance of juveniles at the end of their first summer 
in the Bering Sea (Murphy et al. 2021). This has led researchers to focus on the early marine stage and 
preceding life stages in freshwater (adult spawner, embryo, and juvenile) as most influential for 
understanding the population declines, but no single explanation has emerged. Reduced abundance of 
Yukon River Chinook salmon is correlated with warmer water temperatures and lower river discharge 
during adult spawner migrations (Howard and von Biela 2023) and higher precipitation during juvenile 
rearing (Murdoch et al. 2023). These patterns suggest Chinook salmon may face increasing challenges in 
a warmer and rainier climate (see essays Surface Air Temperature and Precipitation). Conversely, 
increased abundance is correlated with warmer winter temperatures during embryo incubation and 

https://doi.org/10.25923/x3ta-6e63
https://doi.org/10.25923/hcm7-az41


NOAA Technical Report OAR ARC ; 23-13  Arctic Report Card 2023 

4 

early marine residence and earlier river ice breakup during the year juveniles migrate to the ocean 
(Cunningham et al. 2018, Murdoch et al. 2023), suggesting potential benefits from warming trends in 
some cases. Traditional knowledge and western science indicate species interactions including 
competition, predation, food supply, and disease also influence salmon abundance (e.g., Feddern et al. 
2023; Ruggerone et al. 2023). Bycatch of Chinook and chum salmon in Bering Sea trawl fisheries is also a 
known source of mortality, although it explains only a small fraction of historic Chinook salmon declines 
(Cunningham et al. 2018). Drivers of abundance of other western Alaska salmon species and populations 
remain less understood. 

Changes in salmon size and life history 

Salmon from western Alaska are returning to spawn at smaller sizes than in the past, reducing their 
reproductive capacity and the value of each fish to humans and ecosystems (Ohlberger et al. 2020, 
2023; Oke et al. 2020). The average length of adult Chinook salmon in the Yukon River has declined by 5-
7% since the 1970s, contributing to estimated losses of 13-20% in fecundity and 24-35% in total egg 
mass and likely reinforcing long-term population declines (Ohlberger et al. 2020; Fig. 3). Western Alaska 
chum and sockeye salmon have shown smaller declines in body size. 

 
Fig.  3. (a) Trends in body length of three species of salmon in western Alaska and (b) estimated fecundity of Yukon 
River Chinook salmon. Points represent annual mean estimates, and curves represent non-linear trends fit using 
loess regression. Sources: ADF&G, Oke et al. (2020), and Ohlberger et al. (2020). See Methods and data for details. 
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Changes in the size of spawning salmon are explained by earlier maturation and reduced growth rates. 
After hatching, Chinook salmon in western Alaska typically spend one year rearing in streams and rivers 
before migrating to the ocean, where they spend 1-5 years maturing before returning to spawn in fresh 
water. Chinook salmon are smaller at a given age and are maturing at younger ages than in the past 
(Ohlberger et al. 2020). Chum salmon swim to the ocean immediately after emerging from the gravel, 
and trends in age at maturity are less clear. Sockeye salmon spend 1-2 years rearing in fresh water 
(mostly in lakes, but sometimes in rivers). In Bristol Bay, the warming climate has led to a decline in the 
number of sockeye salmon that rear for two years in lakes, with most fish now leaving fresh water after 
one year. This shift in freshwater age and declining growth rates in the ocean have led to more fish 
spending three rather than two years in the ocean and returning to spawn at smaller average sizes (Cline 
et al. 2019; Ohlberger et al. 2023). 

Changes in growth and age of maturity of western Alaska Chinook salmon have been linked to changes 
in ocean climate (Siegel et al. 2017), and selective predation of larger individuals may also be 
contributing to accelerated maturation (e.g., Manishin et al. 2021). Though these trends are observed 
throughout the North American range of Chinook salmon, they are particularly marked in western 
Alaska stocks (Ohlberger et al. 2018). Changes in growth and energy allocation in juvenile chum salmon 
are associated with a marked loss of sea ice and decline in prey energy density during a recent (2014-
2019) warm period with marine heatwaves in the Bering Sea (Farley et al. 2024). Declining body sizes of 
sockeye salmon in Bristol Bay are most strongly associated with their own increasing abundance, and 
secondarily with increasing abundance of chum and pink salmon in the North Pacific Ocean and 
warming sea surface temperatures (see essay Sea Surface Temperature). These patterns have been 
associated with intra- and inter-specific competition for food in the ocean, possibly exacerbated by 
climate warming (Ohlberger et al. 2023; Ruggerone et al. 2023). 

Implications for fisheries and people 

Depressed abundances of salmon create problems for fisheries and the people that depend on them. 
Low returns of Chinook and chum salmon to the Yukon and Kuskokwim Rivers have resulted in closed or 
heavily restricted subsistence, commercial, and sport fisheries, including unprecedented complete 
closures of salmon-directed fisheries on the Yukon River during 2021-22 and very limited openings 
during 2023 (JTC 2023; Fig. 4). Tribal and local leaders are raising their voices to communicate how the 
synchronous collapse of multiple salmon populations and species has created a region-wide crisis in 
communities reliant on salmon for food security, culture, mental health, and a way of life (Brown and 
Godduhn 2015; Feddern et al. 2023). Fish camps sit empty, fishing gear is not maintained, and younger 
generations are not able to learn the fishing and processing techniques that have been refined over 
thousands of years when there are no fish to be caught (Brown and Godduhn 2015; Sakati 2023). 
Harvests of alternative wild foods including fish, birds, and moose have increased where possible, but 
have also added concerns about the sustainability of those resources. The need to protect Chinook and 
chum salmon limits the harvest of other fish species that co-occur in fishing areas. Commercial salmon 
fishery restrictions and closures curtail a source of otherwise scarce jobs and economic development in 
the region. Federal Fishery Disaster Determinations were granted for the 2020 and 2021 salmon 
fisheries in the Yukon and Kuskokwim Rivers and Norton Sound and the 2022 salmon fishery in the 
Yukon River, among other Alaska fisheries (NOAA 2023). 
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Fig.  4. Annual harvest of major western Alaska salmon stocks by fishery sector. Subsistence harvest in the Yukon 
watershed includes First Nations and aboriginal fisheries in Canada. Other fisheries include recreational hook-and-
line and personal-use fisheries in Alaska and domestic net fisheries on the Yukon in Canada. 2023 data are 
preliminary and only available for some fisheries. Source: ADF&G (see Methods and data for details). 

At the other extreme, historically high sockeye salmon returns in Bristol Bay have boosted economic 
opportunities, but also introduced sources of conflict. The Bristol Bay commercial harvest of 60 million 
sockeye salmon in 2022 was a record high in a fishery dating back to 1883, exceeding the previous 
record set in 1995 by 36% (Fig. 4). However, extremely high sockeye harvests in consecutive years, in 
concert with record catches of pink salmon globally, have outpaced global demand for salmon products, 
leading to severe reductions in prices paid to commercial fishers. Low prices can drive western Alaska 
fishers to sell their commercial permits to those outside the region, with lasting implications for local 
economies (Carothers et al. 2021). Mixed-stock fisheries along the coast of the Alaska Peninsula 
targeting abundant sockeye salmon also harvest chum salmon bound for western Alaska (Dann et al. 
2023). This introduces conflict in how chum salmon are prioritized between subsistence and commercial 
fisheries and has the potential to impact their recovery and the human communities that depend on 
them. 
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Many organizations are working to restore salmon abundance and habitat in watersheds impacted by 
human activity, including 125 years of placer mining (e.g., BLM 2023). Community-based monitoring 
programs are incorporating local and traditional knowledge into research and management decisions 
(Feddern et al. 2023), as has proven successful in northern Alaska (see essay Nunaaqqit 
Savaqatigivlugich: Working with Communities to Observe the Arctic). Other proposed actions include 
limiting chum salmon bycatch in marine fisheries, limiting harvest of western Alaska salmon in coastal 
mixed stock fisheries, establishing hatcheries in western Alaska, and limiting hatchery enhancement of 
pink and chum salmon stocks in other parts of Alaska and the North Pacific that may compete with 
western Alaska salmon in the ocean (AFN 2022; Feddern et al. 2023; Herz 2023; Ruggerone et al. 2023). 
All of these proposed actions involve trade-offs and are hotly debated. While the rapidly changing 
climate appears to be an important driver of salmon abundance, more work is needed to understand 
the causal mechanisms and to develop policy actions that are responsive to changing salmon abundance 
and demographics. Actionable research at the science-policy interface is needed to understand how 
decisions at local, regional, and global levels can most effectively support salmon recovery, sustainable 
fisheries, and the well-being of people in a warming world. 

Methods and data 

Salmon abundance was estimated using run reconstruction models by the Alaska Department of Fish 
and Game (ADF&G) and the Joint Technical Committee of the US/Canada Yukon River Panel (e.g., JTC 
2023). These models use information on harvest in mixed-stock and terminal fisheries, stock 
composition data, and estimates of spawning abundance to determine the total numbers of maturing 
salmon that returned to in-shore waters. Body length measurements were compiled by Oke et al. (2020) 
from ADF&G data. We filtered these data to include only salmon captured in western Alaska using 
minimally size-selective gear (weirs, seines, and carcass surveys). Fecundity of Chinook salmon was 
estimated from body length using an empirical length-fecundity relationship from the Yukon River by 
Ohlberger et al. (2020). Fisheries harvest data were provided by ADF&G. All data and code are available 
at https://github.com/eschoen/ArcticReportCard-Salmon. 
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