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Recent changes in Arctic temperatures have important implications for coastal ecosystems of the northern 
Bering Sea (NBS) and Yukon River Chinook salmon (Oncorhynchus tshawytscha).  The abundance of Yukon River 
Chinook salmon has declined significantly over the last 20 years, resulting in various levels of commercial fisheries 
closures, restrictions to subsistence fishing opportunities, and the inability to meet harvests necessary for subsistence 
in many years (Fall et al. 2020).  Although causes of the decline of Yukon River Chinook salmon are unclear, their 
survival after their first summer at sea (September) has been relatively stable over the last 15 years (Murphy et al. 
2017; Howard et al. 2020; Murphy et al. 2021).  This emphasizes the importance of early life-history stages and 
Arctic ecosystems in the survival of Yukon River Chinook salmon.   

Sea ice plays a key role in the NBS ecosystem.  Arctic sea ice extent during the summer has been shrinking at 
a rate of approximately 13% per decade over the last three decades with notable impacts on Arctic ecosystems, 
coastal communities, and global temperatures (Moon et al. 2019).  However, the extent of winter sea ice in the 
Bering Sea has been either relatively stable or has increased over this same time period (Jones et al. 2020).  Climate 
models have predicted a long-term loss of 34% in winter sea ice extent in the Arctic; however, the significant loss of 
Bering Sea winter sea ice during 2018 and 2019 indicate that the loss of winter sea ice may occur at a faster rate than 
predicted by climate models (Jones 2020).  The Optimal Interpolation Sea Surface Temperature (OISSTv2.1) dataset 
(Huang et al. 2021, accessed by NOAA’s Coastwatch Westcoast Regional Node ERDDAP site) was selected for this 
analysis as it includes winter SST proxy values when sea ice is present.  Proxy SST values vary between 0 and -
1.8°C and are based on sea ice concentrations (ice cover and thickness) (Banzon et al. 2020).   

 
Fig. 1.  The number of juveniles-per-spawner (grey bars) 
and parent year spawner abundance (dashed line) for a) the 
Canadian-origin stock group within the Yukon River, and 
b) the total Yukon River stock group (b), 2003–2019.  
Error bars are the standard deviation of juveniles-per-
spawner based on the variance of juvenile abundance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Information on the abundance, stock origin, diet, and energetic condition of juvenile Chinook salmon has been 
routinely collected during the northern Bering Sea surface trawl and ecosystem survey.  This survey has sampled 
coastal waters of the NBS, latitudes 60°N–65.5°N, since 2002 (Murphy et al. 2021).  Early life-history survival of 
juvenile Chinook salmon can be approximated by the number of juveniles-per-spawner (J/S) for the Canadian-origin 
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and Total Yukon River stock groups (Fig. 1).  Figure 2a shows the spatial correlation between monthly average 
OISST values and total Yukon River Chinook salmon juveniles-per-spawner.  The area within the estuarine habitats 
(bottom depths < 20 m) just offshore of the Yukon River Delta was selected for this analysis (Delta OISST index) 
(Fig. 2a).   

 
Fig. 2.  Spatial and temporal correlations (a) between OISST and the number of Canadian-origin Yukon River 
Chinook salmon juveniles-per-spawner (J/S), 2003–2019.  OISST values are the average monthly values during 
the year of marine entry.  The black ovals identify the spatial extent of the Delta OISST index.  The purple lines 
in (a) are the 20 m depth contour.  Correlation coefficients between the average monthly Delta OISST index and 
the number of Canadian-origin and Total Yukon River J/S are shown in b). 
 
Table 1.  Pearson correlation coefficients between juvenile Chinook salmon and monthly OISST values within 
the nearshore habitats of the Yukon River Delta, 2003–2019.  Correlations are included for the number of 
juveniles-per-spawner (J/S) for the Canadian-origin and Total Yukon River stock groups, stomach fullness index 
(SFI), the proportion of fish in the diet (piscivory), energy density (ED wet weight and dry weight), the 
proportion of Canadian-origin Chinook salmon maturing at Age 3 and 4 years (jack rate), and the proportion of 
non-Yukon River Chinook salmon stocks in the northern Bering Sea.  Asterisks identify the significance of the 
correlation (* = p < 0.05, ** = p < 0.01, *** = p < 0.001). 

         

Month 
Canadian-origin 

J/S 

Total 
Yukon 

J/S 

Stomach 
Fullness 

Index Piscivory 
ED 

(wet) 
ED 

(dry) 
Jack 
Rate 

non-Yukon 
stocks 

Dec 0.63** 0.49       

Jan 0.82*** 0.8*** 0.38 0.55 0.44 0.05 -0.16 -0.57* 

Feb 0.28 0.22 0.21 0.47 0.53 0.02 -0.15 -0.4 

Mar 0.52 0.42 0.31 0.48 0.28 -0.39 -0.44 -0.51 

Apr 0.2 -0.06 -0.41 -0.18 0.43 0.43 0.2 -0.25 

May 0.1 0.02 -0.49 -0.57* -0.12 0.48 0.34 0.26 

Jun -0.04 -0.11 -0.67** -0.54 -0.31 0.31 0.15 0.74** 

Jul -0.24 -0.25 -0.65* -0.84*** -0.03 0.63* 0.62* 0.51 

Aug -0.15 -0.09 -0.6* -0.62* 0.38 0.74** 0.65* -0.01 

Sep -0.2 -0.15 -0.26 -0.55 0.04 0.15 0.12 -0.06 
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The Canadian-origin and total Yukon River juveniles-per-spawner are both positively correlated with the 
winter Delta OISST index and therefore negatively correlated with winter sea ice concentrations in the nearshore 
habitats of the Yukon River Delta (Table 1, Fig. 2b).  Similar correlations by both stock groups of Chinook salmon 
and the spatial scale of the correlation (Fig. 2a and Fig. 2b) indicate that this may reflect the importance of 
ecosystem processes within the nearshore habitat of the Yukon River Delta and the NBS to the survival of Chinook 
salmon.  Although the correlation with temperature occurs before Chinook salmon enter marine habitats, winter sea 
ice concentrations could be impacting the productivity of the nearshore estuarine fish community.  Chinook salmon 
may have a higher dependency on the estuarine fish community than other species of salmon due to the high level of 
piscivory within estuarine habitats (Miller et al. 2016), and the NBS (Farley et al. 2009; Cook and Sturdevant 2013; 
Garcia and Sewall 2021).   

 
Fig. 3.  Correlation coefficients between the Delta OISST index and a) stomach fullness (SFI) and piscivory, b) 
energy density (ED kJ/g) dry weight and wet weight, c) the proportion of early maturing males (Jack Rate), and 
d) the proportion of non-Yukon River Chinook salmon stocks in the northern Bering Sea.  The Delta OISST 
index is the average monthly OISST values (Jan–Sep) within the nearshore (< 20 m) estuarine habitats of the 
Yukon River Delta. 

 

Stomach fullness (ratio of stomach contents and body weight) and percent piscivory of juvenile Chinook 
salmon are both negatively correlated with the Delta OISST index during the summer (May–August) (Table 1, Fig. 
3).  This result is consistent with negative relationships observed between stomach fullness, piscivory, and the in-
situ temperature data collected during the NBS survey (Garcia and Sewall 2021, Murphy et al. 2021).  The decline 
in stomach fullness with increasing temperature likely represents a decline in prey availability (Garcia and Sewall 
2021; Murphy et al. 2021); however, the impact of declining stomach fullness on the juvenile Chinook will require a 
more detailed look at the foraging ecology of Chinook salmon within a bioenergetics model framework.   

 The energy density (ED) dry weight of juvenile Chinook salmon was positively correlated with the Delta 
OISST index during the summer months (Fig. 3).  Changes in the water content of juvenile Chinook salmon resulted 
in different correlation patterns between ED wet weight and ED dry weight.  Energy allocation patterns of juvenile 
Chinook salmon in the NBS support a higher degree of adaptive resilience to overwinter conditions than lower 
latitude stocks of Chinook salmon (Moss et al. 2016) and juveniles may be conserving energy at the cost of growth.  
The increase in ED dry weight with temperature helps temper concerns over declining stomach fullness and 
piscivory (Garcia and Sewall 2021).  However, the reduction in energy density with the record warm temperatures in 
2019 may indicate that reduced stomach fullness in Chinook salmon is starting to negatively impact the ability of 
juvenile Chinook salmon to store energy (Murphy et al. 2021). 

 The proportion of early maturing (age 3 and age 4) Chinook salmon returning to the Yukon River is 
positively correlated with June and July temperatures (Delta OISST) (Fig. 3).  Similar to the correlation with diet 



Murphy et al.                                                                                                                                                      NPAFC Technical Report No. 17 

 

 

 100 
 

and energy, this likely is the result of summer temperature correlations between the Delta and the NBS.  Positive 
correlations have also been observed between juvenile size and maturation rates of Yukon River Chinook salmon 
(Howard et al. 2020).  Siegel et al. (2017) found that male Yukon River Chinook salmon were more likely to mature 
at the youngest age (age 3) in warmer years, even after accounting for the effects of growth (measured with scales).  
This may reflect the influence of temperature on prey quality and lipid levels (energy density) of Chinook salmon 
that is not captured in estimates of fish length or scale growth.   

 The proportion of non-Yukon River Chinook salmon in the NBS is positively correlated with June and July 
Delta OISST data (Fig. 3).  This correlation likely reflects increased northward dispersal of stocks from the southern 
Bering Sea (SBS) into the NBS during warm summers.  This pattern is consistent with increased northward dispersal 
of sockeye salmon and age-0 pollock with summer temperatures (Murphy et al. 2021).  The Canadian-origin stock 
group has typically been the most abundant stock group of Chinook salmon in the NBS, with an average proportion 
of 47%.  However, the record warm temperatures in 2019 resulted in the highest observed proportion of non-Yukon 
River Chinook salmon in the NBS (35%), which was greater than the proportion of Canadian-origin Chinook 
salmon (30%).  Increased presence of non-Yukon River stocks in the NBS will confound efforts to connect the 
distribution, size, diet, and condition of juvenile Chinook salmon to Yukon River Chinook salmon.   

Although it is unclear what ecological processes are contributing to the decline in abundance of juvenile 
Chinook salmon from the Yukon River, the combined impact of increased summer temperatures and increased 
winter sea ice concentrations in the estuarine habitats of the Yukon River Delta is concerning.  The correlation 
between winter temperatures and juveniles-per-spawner may point to limiting factors within the estuarine habitats of 
the Yukon River Delta; however, additional research on the foraging ecology of juvenile Chinook salmon will be 
needed to provide an ecological context to this correlation.  The decline in stomach fullness and piscivory with 
summer temperature primarily reflects a reduction in prey availability and prey quality with temperature.  The 
increase in energy density of juvenile Chinook salmon with temperature tempers the negative impact of reduced 
stomach fullness and piscivory; however, energy density of juvenile Chinook salmon decreased with the record 
warm temperatures in 2019 and may indicate that the reduced stomach fullness could be negatively impacting the 
ability of Chinook salmon to store energy.  The proportion of early maturing Chinook salmon is also positively 
correlated with summer temperatures, which is consistent with previous observations that maturity rates are 
positively correlated with temperature and growth of Chinook salmon (Siegel et al. 2017; Howard et al. 2020). 

We thank the vessel captains, vessel crew members, and the many scientists who have supported these coastal 
surveys in Alaska.  Research on Yukon River Chinook salmon is currently supported by the Alaska Fisheries 
Science Center, Alaska Department of Fish and Game, and through the National Oceanic and Atmospheric 
Administration’s Pacific Coastal Salmon Recovery Fund administered by the Alaska Department of Fish and 
Game’s Alaska Sustainable Salmon Fund (grant award NA19NMF4380229). 
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