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Decreases in abundance of immature Pacific salmon in the western Bering Sea from 2002 

to 2011: link to hydrological and forage conditions 

by 

Alexander V. Zavolokin and Gennady V. Khen 

 

ABSTRACT 

Changes in abundance and distribution of immature chum, sockeye, and chinook salmon in 

the western Bering Sea in summer and fall of 2002-2011 were studied in relation to hydrological 

and forage conditions. From early 2000s to 2011, abundance of immature Pacific salmon in the 

surveyed area greatly decreased. The main causes of this decrease probably were (1) changes of 

current intensity resulted in weakening of water inflow from Pacific Ocean to the northwestern 

Bering Sea and (2) fluctuations of the total number of immature salmon in the North Pacific. 

Forage and temperature conditions were likely to have had relatively small impact on migration 

intensity of salmon. 

 

INTRODUCTION 

Bering Sea is an important foraging area for Pacific salmon during their migrations in 

summer and fall. Its recourses are intensively exploited not only by local stocks but also by 

salmon from other regions. One of the most numerous fish in the Bering Sea is immature chum 

salmon. 

Eastern, central and western parts of the Bering Sea have different significance for fish 

foraging. In the shallow eastern Bering Sea immature salmon are not numerous. The main 

regions for adult salmon of marine age more than one year are deep-water basins in the central 

and western Bering Sea. 

Comprehensive epipelagic surveys conducted by TINRO-center in the western Bering Sea 

evidenced the high variability in abundance of immature Pacific salmon from year to year 

(Starovoytov 2007; Zavolokina&Zavolokin 2007; Shuntov&Temnykh 2011). The number of 

migrated fish into the western Bering Sea is considered to be related to the current intensity 

(Shuntov et al. 1993, 1995).  

Forage conditions are also important for immature Pacific salmon. Biomass of the favorite 

prey for salmon (euphausiids and amphipods) is higher in the western Bering Sea in comparison 

with the eastern area (Volkov 2008). This can influence salmon distribution and foraging 

duration. 

Obviously, abundance of immature Pacific salmon foraging in the western Bering Sea is 

related to the total salmon abundance in the North Pacific. For example, number of Japanese 



chum salmon decreased in the late 2000s in comparison with previous years (NPAFC 2010). 

This decrease is reflected to the share of the Japanese stocks in the mixed catches in the Bering 

Sea and Northwestern Pacific (Bugaev et al. submitted). 

The objectives of the present study were to analyze the dynamic of immature Pacific 

salmon and to discuss the possible causes of change of their abundance in the western Bering 

Sea. 

 

MATERIALS AND METHODS 

Abundance, distribution, body size, hydrological and forage conditions of immature 

Pacific salmon were studied based on the data of comprehensive surveys conducted by TINRO-

center (Pacific Fisheries Research Centre) in the epipelagic of the western Bering Sea in summer 

and fall 2002-2011 (Fig. 1). Trawl catches were used to estimate salmon abundance, distribution 

and size structure. There were 379 trawl operations in summer and 748 in fall (Table 1). A 

midwater trawl was towed at 4-5 knots in the surface layer for 1 h during day and night. The 

trawl opening was about 30-40 m in height and width. The trawl was equipped by a codend liner 

of 10 mm mesh. All Pacific salmon that were caught were removed from the net, counted, 

weighted and measured.  

Interannual changes in abundance of Pacific salmon were estimated only in deep-water 

basins (Commander and western Aleutian) that are their main foraging regions in the western 

Bering Sea. Relative abundances were used to analyze distribution and dynamic of Pacific 

salmon in the surveyed area: 

katv
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where  N is biomass (kg/km2),  n is number of caught fish (ind.),  v is trawling speed (km/h),  t is 

trawling duration (hrs),  а is width opening of trawl (km),  k is catchability coefficient (0.3). 

To analyze hydrological conditions, the oceanological archive of TINRO-center was used. 

The geostrophic currents relatively to the 1000 db reference level were calculated to make maps 

of water circulation in the Bering Sea. The temperatures at the depth of 50 m were used for 

evaluation of changes in thermic conditions.  

The forage base was defined as all plankton and nekton species that are prey of Pacific 

salmon. The Pacific salmon forage base included two parts: zooplankton and small-size nekton 

species (micronekton) with body lengths that do not exceed 15 cm. 

Plankton were sampled and analyzed by a unified approach, accepted at the TINRO-Center 

(Volkov 1996). Zooplankton samples were obtained with a Juday net (0.1 m2 mouth opening; 

0.168-mm mesh net). The Juday net was towed in the upper 200 m of the water column. Because 
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Pacific salmon ingested primarily large zooplankton prey (> 3 mm), zooplankton biomass was 

evaluated only for items > 3 mm. 

Micronekton biomasses were estimated by the trawl data. Revised catchability coefficients 

(Zavolokin&Glebov 2009) were used for more accurate estimation of biomass of small fish and 

squids. 

 

RESULTS AND DISCUSSION 

Abundance of immature Pacific salmon 

From early 2000s to 2011, abundance of immature Pacific salmon tended to decrease in the 

western Bering Sea (Fig. 2). After summer 2005, the number of chum, sockeye, and chinook 

salmon decreased by 2, 5, and 9-fold, respectively. In fall, decreasing trend was not such clear. 

However, average abundances of Pacific salmon were substantially lower in the first half of 

2000s in comparison with the subsequent period. The abundance estimates before and after 2006 

were: 909±265 (M±SE) and 463±149 ind./km2 for chum salmon, 357±132 and 225±70 ind./km2 

for sockeye salmon, 24±12 and 8±4 ind./km2 for chinook salmon. 

Distribution of immature Pacific salmon 

Intensive inflows of immature Pacific salmon to the Russian waters of the Bering Sea 

begin in the late May–early June and continue throughout the whole summer (Starovoytov 2003; 

Zavolokina&Zavolokin 2007; Shuntov&Temnykh 2011). In June-July, immature chum, sockeye, 

and chinook salmon were widely distributed in the western Bering Sea and occurred in all deep-

water regions (Fig. 3,5,7). Despite of year-to-year variability in abundance, distributions of each 

salmon species were similar. Most of chum salmon occurred along the border of the Russian 

exclusive economic zone and extended from Commander Islands to south part of Anadyr Bay 

(Fig. 3). The main concentrations of these fish were in the Aleutian Basin that is the major region 

for chum salmon in summer (Zavolokina&Zavolokin 2007; Shuntov&Temnykh 2011). From 

2005 to 2011, chum salmon abundance decreased throughout surveyed area, and the most 

pronounced decrease was in the Aleutian Basin. 

In fall, the tendency of reduction in chum salmon concentrations in the north regions also 

occurred from 2002 to 2010 (Fig. 4). In 2002-2006, about 70 % of their total abundance in deep-

water area occupied the Aleutian Basin. In 2007-2010, this estimate reduced by 20 %. In the 

Aleutian Basin relative abundance decreased two- or threefold, while in the Commander Basin it 

stayed stable. Therefore, chum salmon migrations from the central Bering Sea to the north 

became weaker that led to decrease of their abundance. 

In contrast to chum salmon, the highest biomass of immature sockeye salmon in summer 

occurred in the south part of Commander Basin (Fig. 5). In the north regions, relatively high 
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concentrations were only in 2005. It is known (Glebov 2007; Shuntov&Temnykh 2011) that 

sockeye salmon migrate to the western Bering Sea in early summer using two main migration 

paths. One of them runs from Near Strait and western Aleutian Islands to Commander Basin 

with the Attu Current (southern path) and second one has a direction from the central Bering Sea 

to Aleutian Basin with the Slope Current (northern path). Obviously, the significance of the 

southern path for sockeye salmon migration in summer of 2000s was higher in comparison with 

the northern one. 

In fall, sockeye salmon distribution differed significantly from year to year (Fig. 6). The 

main concentrations occurred in the Commander Basin in all years except 2008. Distribution 

patterns in summer and fall of 2000s suggest that the south path prevailed during sockeye salmon 

migrations from the Northwestern Pacific and central Bering Sea. 

In June-July, immature chinook salmon migrated almost only to the Aleutian Basin (Fig. 

7). Most of fish occurred in this region. From 2005 to 2011, number of chinook salmon in the 

Aleutian Basin decreased greatly. Relative abundance dropped 20-fold. Similar trend was in fall 

(Fig. 8). Abundance of immature chinook salmon decreased sharply because of reduction of fish 

concentrations in the Aleutian Basin. 

Thus, decreases in immature salmon abundance in the western Bering Sea from early 

2000s to 2011 were caused by change in intensity of their summer migrations. The most 

pronounced reduction occurred for chum and chinook salmon because of weakening of north 

migration path. Decrease in sockeye salmon abundance that migrated to the western Bering Sea 

mainly by southern path was not significant. 

Size composition of immature Pacific salmon 

In 2002-2011, fork length of immature chum salmon varied from 31 to 68 cm. In summer, 

most of them comprised of fish more than 40 cm length (age 0.2-0.4) and in fall small-sized fish 

(30-42 cm, age 0.1) dominated. Body size of immature sockeye salmon fluctuated from 24 to 62 

cm. Both in summer and fall, small fish of age .1 (<40-43 cm) dominated in the trawl catches. 

Immature chinook salmon had the highest range of body length (26-93 cm). Most of these fish 

were relatively small (< 47 cm). 

To analyze abundance changes, each salmon species was divided into two groups. First of 

them is small-sized fish which will spawn in 2-3 years. Second one is big-sized fish which will 

spawn mainly in the next year. 

Both small-sized and big-sized immature salmon tended to decrease in abundance from 

2002 to 2011 (Fig. 9). Interannual dynamics of these size groups for sockeye and chinook 

salmon were very similar (Fig. 9c,d,e,f). If number of these species depended mainly on the 

brood strength, such synchrony of abundance trends for fish of different ages would not 
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occurred. Therefore changes in abundance of sockeye and chinook salmon in the western Bering 

Sea are generally related to habitat conditions. 

However the total number of Pacific salmon in the North Pacific obviously impacted on 

the migration intensity and distribution magnitude of immature salmon. Abundance of big-sized 

chum and chinook salmon in the western Bering Sea significantly correlated with their 

commercial catches (NPAFC 2010) in Asia and the USA respectively, with a one-year lag (Table 

2). 

Thus, both small-sized and big-sized chum, sockeye, and chinook salmon generally tended 

to decrease in abundance from 2002 to 2011. Synchrony of abundance trends for different age 

groups of sockeye and chinook salmon suggests that magnitude of their inflow to the western 

Bering Sea was mainly related to marine conditions. Abundance changes of chum salmon were 

probably caused by the brood strength of Asian populations (first of all Japanese stocks) and 

environmental factors. 

Hydrological conditions 

Detailed surveys in the western Bering Sea conducted during the last decade revealed a 

year-to-year variability of the main streams there. At first, the common pattern includes the 

westward stream from the Aleutian Basin (Stabeno&Reed 1994) and the northward stream from 

the Near Strait (Khen 1989). The convergence of these streams at the west continental slope 

forms the Kamchatka Current (Stabeno et al. 1999). From 2002 to 2006, the westward water 

transport prevailed (Fig. 10). The meridional stream was weak, and in 2006, it was quite 

unnoticeable. Since 2007, the northward inflow of the Pacific waters through the Near Strait 

increased, and the westward stream decreased by 1.5-fold (Fig. 10). 

The change of current intensity temporally coincided with the water cooling. Temperature 

at the depth of 50 m fell by 1-2° C (Fig. 11). The most pronounced decrease of water 

temperature was in the northwestern regions. 

Thus, decrease of intensity of salmon migration to the western Bering Sea was 

accompanied by weakening of inflow of Pacific waters. Abundance of chum and chinook salmon 

decreased to a greater extent in comparison with sockeye salmon. This conforms to a high 

importance of north migrating path (with Slope Current from central Bering Sea to the north) for 

these two species. 

Forage conditions for Pacific salmon 

Long-term comprehensive studies of marine ecosystems in the Bering, Okhotsk, Japan 

Seas and adjacent Pacific waters revealed that Pacific salmon did not have the key significance 

in trophic interactions among nekton species and their share in consumption of forage base is 

relatively low (Shuntov&Temnykh 2004, 2008, 2011; Chuchukalo 2006; Naydenko 2007; 
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Shuntov et al. 2010). Food consumption of high-abundant stocks of walleye pollock and 

Japanese pilchard in 1980s was much higher than amount of food consumed by Pacific salmon at 

their historically high level of abundance in 2000s. In consideration of such scale of forage 

recourses, there is no reason to suppose strong relation between salmon abundance and their 

forage base. Our data confirm this supposition. Correlations between salmon abundance and 

biomass of macrozooplankton and micronekton both in summer and fall of 2002-2011 were 

weak and insignificant.  

In summer, biomass of forage base did not change significantly from year to year and 

averaged about 500-600 mg/m3 (Table 3). In fall, estimates of biomass varied greatly (from 377 

to 1086 mg/m3). But if we exclude the extreme values caused by high biomass of atka mackerel 

in 2002 and early seasonal vertical migration of copepods in 2004, variability of forage base 

becomes much lower (about 500-700 mg/m3). Therefore, we can conclude that Pacific salmon 

forage conditions in summer and fall of 2002-2011 were relatively stable. 

 

CONCLUSION 

From early 2000s to 2011, abundance of immature Pacific salmon greatly decreased in the 

western Bering Sea. The main causes of this decrease probably were (1) changes of current 

intensity resulted in weakening of water inflow from Pacific Ocean to the northwestern Bering 

Sea and (2) fluctuations of the total number of immature salmon in the North Pacific. Forage and 

temperature conditions were likely to have had relatively small impact on migration intensity of 

salmon. Further analysis is required to evaluate the impact strength of different factors on 

abundance of immature Pacific salmon in the western Bering Sea and to examine the possibility 

of forecast of salmon returns in the following one-two years. 
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Table 1. Survey date and total number of trawl stations. 

 

Season, year Date Number of trawl stations 

Fall 2002 31.08-09.10 81 

Fall 2003 14.09-25.10 87 

Fall 2004 11.09-23.10 72 

Summer 2005 17.06-21.07 89 

Fall 2006 24.08-12.10 116 

Summer 2007 15.06-16.07 82 

Fall 2007 06.09-24.10 113 

Fall 2008 09.09-13.10 97 

Summer 2009 13.06-18.07 108 

Fall 2009 10.09-11.10 98 

Fall 2010 23.09-20.10 84 

Summer 2011 04.06-01.07 100 

 

 

 

Table 2. Pearson correlation coefficients relating abundance of immature chum, sockeye and 

chinook salmon (age > .1) in the western Bering Sea to their commercial catch with one-year lag 

in Russia, Japan and the USA in 2002-2010. * – p < 0.05. 

 

Country, region Chum Sockeye Chinook 

Russia 0.14 0.01 -0.57 

Japan 0.41 – – 

USA – -0.39 0.78* 

Asia 0.79* – – 

Russia+USA – -0.32 0.79* 
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Table 3. Salmon forage base biomass (mg/m3) in the epipelagic layer (0-200 m) in the western 

Bering Sea in 2002-2010. * - summer surveys 

 

Zooplankton Micronekton Total 
Year 

M SE M SE M SE 
N 

2002 711 70 374 175 1086 245 46 
2003 595 57 71 42 666 99 41 
2004 354 51 22 11 377 63 37 
2005* 568 59 76 43 644 103 45 
2006 596 95 117 48 713 142 66 
2007* 416 49 69 39 485 87 56 
2007 468 59 68 21 536 80 63 
2008 518 54 112 37 630 91 63 
2009* 591 73 30 17 622 89 65 
2009 497 54 146 72 644 125 69 
2010 521 44 11 3 532 47 70 
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Fig. 1. Map of the study area. 
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Fig. 2. Abundance of immature Pacific salmon in the deep-water regions of the western Bering 

Sea in summer (left panel) and fall (right panel) of 2002-2011. Vertical lines indicate standard 

errors. 
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Fig. 3. Abundance distribution (ind./km2) of chum salmon in summer 
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Fig. 4. Abundance distribution (ind./km2) of chum salmon in fall 
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Fig. 5. Abundance distribution (ind./km2) of sockeye salmon in summer 
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Fig. 6. Abundance distribution (ind./km2) of sockeye salmon in fall 
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Fig. 7. Abundance distribution (ind./km2) of chinook salmon in summer 
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Fig. 8. Abundance distribution (ind./km2) of chinook salmon in fall 
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Fig. 9. Abundance of immature salmon of marine age one year (○) and more than one year (■) in 

the western Bering Sea in summer (left panel) and fall (right panel): a,b – chum salmon, c,d – 

sockeye salmon, e,f – chinook salmon. 
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June‐July, 2002‐2006  June‐July, 2007‐2011 

September‐October, 2002‐2006  September‐October, 2007‐2011 

Fig. 10. Geostrophic currents relatively to the 1000 db reference level in the Bering Sea in 2002-

2011. 
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Fig. 11. Temperature at the depth 50 m in the Bering Sea in 2002-2011. September‐October, 2002‐2006 September‐October, 2007‐2011

 


