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Abstract—Complex ecosystem analysis which includes total abundance estimation of its members as well as
their quantitative trophic relationships gives an insight to ecosystem structure, its dynamic and steadiness and
allows to compare large marine ecosystems. In this paper we aim to reveal and quantify the seasonal dynamics
of main trophic web components and to estimate nekton (fish and squids) food capacity throughout the sum-
mer-autumn in upper epipelagic layer of deep basins in the Western Bering Sea. We used nekton and plankton
abundance data as well as nekton diet data obtained in June-October throughout 2003—2015. Log-trans-
formed abundance were averaged by 10-day periods considering the probability of occurrence of given spe-
cies. We have found that the total biomass of nekton and the species ratio showed severe changes within sum-
mer-autumn. Total biomass reached the maximum in August showing two- or three-time increase from
early-summer and followed by the similar decrease in autumn. The total food consumption changed in the
same way. However, the grazing pressure on prey was very low as the consumer/prey biomass ratio
approached zero. In addition, we have recognized diet divergence both between species and within size group
of one specie. We conclude that the spatio-temporal separation of mass nekton species and differences in their
diet lead to alleviation of trophic competition and grazing pressure.
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INTRODUCTION

Trophological studies of marine and oceanic eco-
systems are becoming more and more urgent as under-
standing the structure of trophic networks not only
reveals the principal traits of marine communities'
functioning under various conditions of their exis-
tence but also gives grounds to estimate the potential
restructuring under various environmental factors.

During long-term investigations in the Western
Bering Sea, a solid data array has been collected on
food resources and feeding of nekton. Such consider-
able information allowed to determine the role of mass
species of fish and squids (Teuthida) in the trophic
structure of epipelagic communities and to estimate
their food supply influence on food resources in dif-
ferent periods (Shuntov et al., 1993, 2010; Chuchu-
kalo, 2006; Naydenko, 2007, 2009, 2010; Shuntov and
Temnykh, 2008a, 2008b, 2011; Zavolokin, 2011, 2014;
Shuntov, 2016). In addition, Ecopath model applied
to the Western Bering Sea (Aydin et al., 2002; Rad-
chenko, 2011, 2015) defined principal functional
parameters of the ecosystem. Impact of Pacific
salmon abundance on food capacity of the other nek-
tonic species was also modeled (Zavolokin et al., 2014,
2016). At the same time, some studies (Klovach, 2003;
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Karpenko et al., 2013) assume earlier (Birman, 1985)
ideas that being very abundant in marine habitat, sal-
mons experience severe intra- and interspecific com-
petition for food resources. Consequently, insufficient
food capacity affects biological conditions and abun-
dance of Pacific salmon.

The present article is a continuation of studies
(Naydenko et al., 2007a, 2007b; Naydenko, 2009;
Zavolokin, 2011; Zavolokin et al., 2014, 2016) on tro-
phodynamics of pelagic communities in the Bering
Sea. The present study aims to reveal and quantify the
seasonal dynamics of main trophic web components
and to estimate nekton food capacity throughout sum-
mer-autumn in upper epipelagic layer of deep basins
in the Western Bering Sea.

MATERIALS AND METHODS

The study is based on data on the composition and
abundance of plankton and nekton as well as on the
diet of nekton collected in 17 surveys conducted by
TINRO-Center in the Western Bering Sea in June—
October 2003—2015. Information on plankton and
nekton was averaged by two standard biostatistic
regions (the Commander and the western part of the
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Fig. 1. Standard regions for averaging of biostatistic information in the western part of the Bering Sea (Shuntov et al., 1986, 1988a,

1988b; Volvenko, 1998, 2003; Nekton...,

Aleutian basins (Fig. 1)) specified with consideration
for the general scheme of water circulation, bottom relief,
and distribution of water masses (Shuntov et al., 1986,
1988a, 1988b; Volvenko, 1998, 2003; Nekton..., 2006).

Nekton was caught by trawling in the upper epipe-
lagic layer (0—30 m) using an RT 80/396 midwater
trawl (average vertical aperture 33.7 m, horizontal aper-
ture 39 m, 10 mm mesh is inserted in the codend).
Averaged technical parameters of trawling were the
following: trawling time 60 min, headrope horizon 0 m,
trawling speed 4.6 knots, wires length 270.6 m. Alto-
gether, 1098 trawlings were done. Trawl catches were
sorted by species. Species names of fish were verified
via the Eshmayer catalogue (Catalog of Fishes..., 2018),
and names of squids are given according to CephBase
(http://cephbase.eol.org. Version 2018).

Hydrobionts were counted, weighted and mea-
sured (fork length for fish (FL) and mantle length for
squids). Salmons and other commercial species were
fully analyzed (individual weight, sex, maturity stage).
Relative abundance (#, ind./km?) and biomass
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2006): [—Commander Basin; II—western part of the Aleutian Basin.

(m, kg/km?) of each species at each trawl station were
calculated with consideration for the trawled area
(Aksyutina, 1968) applying catchability coefficients
for each nekton species (Volvenko, 1998). Full
descriptions of abundance calculation can be found in
the tabulated bulletins of TINRO-Center (Nekton...,
2006; Makrofauna...,2012). The data on abundance of
hydrobionts is lognormally distributed, therefore log-
arithms were taken to correct calculation of average
values. Mean abundance (%, ind./km?) and biomass
(B, kg/km?) were calculated as a mean for all trawlings
(where a particular species occurred) multiplied by the
probability of occurrence of this particular species to
be caught within a particular region or a time period:

ZIOgn Zn:logm
0= ——xP or B=10=E——

p p

N =1 X P,

where n and m are abundance (ind./km?) and biomass
(kg/km?) of the species in the catch where this species
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occurred; P is probability of occurrence of the species
calculated by the number of trawlings where this spe-
cies occurred (7)) to the total number of trawlings (7)):
P=T,/T.

The values of abundance for species, which under-
take diel vertical migrations and occur in catches only
at night (boreopacific gonate squid Boreoteuthis bore-
alis, northern lumpfish Stenobrachius leucopsarus,
northern smoothtongue Leuroglossus schmidti, scaly
paperbone Scopelosaurus harryi, and eared blacksmelt
Lipolagus ochotensis) are calculated by considering
night trawlings only. Seasonal dynamics of composi-
tion and abundance of nekton for the period from the
beginning of June to the end of October was analyzed
by data averaged for 10-day periods. Methods of cal-
culation of species abundance has been described pre-
viously (Somov, 2017).

Plankton was captured by a large Juday net, aper-
ture area 0.1 m?, with caprone sieve no. 48 (0.168 mm
mesh size). Plankton sampling spatially overlapped
trawl and hydrological stations. Samples were taken
from 2 layers (50—0 m and 200—0 m). Sample process-
ing and abundance calculations were done aboard
according to Volkov (1996, 2008). Each sample was
subdivided into three fractions: small-sized, medium-
sized, and large (<1.2, 1.2—3.2, and >3.2 mm). The
plankters were identified to the species level. Abun-
dance and biomass were calculated for each fraction of
each sample using catchability coefficients (Volkov,
1996, 2008). Plankters’ abundance and biomass were
averaged for biostatistical regions (the same as for nek-
ton). Data from TINRO-Center’s Net Zooplankton
Database (Volvenko, 2016) was used to quantify sea-
sonal changes of zooplankton abundance. Diet analy-
sis was also done aboard according to standard express
processing methods developed in TINRO-Center
(Rukovodstvo..., 1986; Chuchukalo, 2006; Volkov,
2008). Daily food rations (R, % of body weight) of fish
and squids were calculated by various methods
(Romanova, 1958; Kogan, 1963; Chuchukalo, 1996;
Volkov, 2008) with consideration for each species’ diet
strategy. Cluster analysis (Ward dendrogram) was
applied to elucidate similarity in feeding habits of mass
nekton species.

To estimate feeding condition for nekton, we
assessed their consumption of each prey using the fol-
lowing equation: M; = B; X R X t, where M, is weight of
the consumed food item (of j-th prey), tn; B; is bio-
mass of the consumer (of an ith predator), tn; Ris daily
ration, % of the body weight; ¢ is period, days. Sum-
ming up the consumption values of all prey, we calcu-
lated total consumption of given nekton species or
group of species. Total food consumption was calcu-
lated per 1 day (24 h). To compare total grazing pres-
sure on prey between biostatistical regions, we stan-
dardized data to area relative values (kg/km? day™!).

An energy transport from lower trophic level to
higher ones is carried out by consuming producer
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organisms by primary consumers, and further up to
the highest trophic levels. This translocation is not
direct but distributed between many species and
results in energy flows. The scope of this study con-
centrates on energy flows within zooplankton-nekton
community. Herewith not only do nekton species con-
sume zooplankton but also large nekton individuals
feed small ones. The small-sized nekton comprised
the following: juveniles of fish (walleye pollock Thera-
gra chalcogramma, Atka mackerel Pleurogrammus
monopterygius, and other bottom fish), small fish
(three-spined stickleback Gasterosteus aculeatus,
northern lumpfish, northern smoothtongue, eared
blacksmelt, etc.), and small individuals as well as juve-
niles of squid. All nektonic species occurring in the
food of fish and squids are united into “nektonic food”
group.

The level of grazing pressure was estimated com-
paring the total consumption by nekton with total prey
abundance in the epipelagic layer. This coefficient is
called forage base usage. The closer is this parameter
to unity, the higher is the nekton press on the food
resources and the lower is its food capacity (Zhelten-
kova, 1955a, 1955b; Chuchukalo, 2006). This coeffi-
cient may be calculated as diurnal, monthly, seasonal,
or annual.

Trophic levels (TL) of plankton and nekton species
were calculated in the TrophLab application (June
2000 version) by the following equation:

G
TL=1+) DC;xTL,
Jj=1

where DCjj is fraction of jth prey in the diet of ith con-
sumer, TLj is mean trophic level of each jth prey, and
G is number of preys in the diet of ith consumer (Gas-
cuel and Pauly, 2009).

To visualize trophic webs we used Gephi 0.8.2
(gephi.org). On the schemes, the “other fish” group
comprises the species having a low occurrence and a
low biomass in catches and the “juvenile squid” group
comprises individuals with the mantle length less than
4 cm. The total number of trophic links of the form
“prey — consumer” demonstrates the ramified struc-
ture of the trophic web. Given the consuming rate, each
trophic link were specified as primary (>0.5 kg/km?) or
secondary (<0.5 kg/km?) one. The total value of princi-
pal links is equal to the sum of particular trophic interre-
lations (expressed by weight >0.5 kg/km? day) between
the food item and its consumer (a nekton species). We
used the proportion of primary trophic links to com-
pare ramified structure of the trophic web between
seasons and regions. Another type of trophic link was
cyclic. It occurred in case of cannibalism which is very
important for walleye pollock and squids (Volkov
et al., 1990; Chuchukalo, 2006; Volkov, 2015).

No. 5 2019
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RESULTS AND DISCUSSION

In June—October 2003—2015, 97 species of fish
and squids belonging to 42 families were identified in
catches in the upper epipelagial of the Bering Sea. By
the number of species, the most abundant were
Gonatidae (15 species), Cottidae (eight), Pleuronecti-
dae (eight), Salmonidae (six), Gadidae (five), and
Myctophidae (four). Other families comprised not
more than three species, frequently just one species
(Somov, 2017). There are considerable seasonal
changes in the species composition and abundance
(Nekton...,2006; Macrofauna...,2012; Shuntov, 2016).
Depending on migration periods of mass species of
fish and squids, three periods were discerned: early
summer—from the first 10-day period of June until
the second 10-day period of July; summer period—
from the third 10-day period of July until the second
10-day period of September; autumn period—from
the third 10-day period of September until October
(Somov, 2017).

The early summer period. In June—early July,
mature pink salmon Oncorhynchus gorbuscha and
mature chum salmon O. keta intensively migrates
across the deep basins toward the spawning areas
located in Karaginsk—Olyutorsk and Koryak—Anadyr
regions. Immature chum salmons begin the feeding
migration in this period (Radchenko et al., 1995;
Starovoytov, 2003a; Shuntov and Temnykh, 2008b,
2011; Shuntov, 2016). Average biomass of pink salmon
in the upper epipelagial of the Commander Basin and
in the western part of the Aleutian Basin for the early-
summer was 175 and 133 kg/km?, respectively; bio-
mass of chum salmon in these regions was higher: 227
and 393 kg/km?; abundance of other salmon species
were lower (Fig. 2). In chum salmon, the large mature
(FL > 50 cm) specimens and immature ones (FL 40—
50 and > 50 cm) individuals (Fig. 3). In addition to sal-
mons, the abundance of squids was noticeable, mainly
of boreopacific gonate squid and of juveniles of various
species of the family Gonatidae (Fig. 2). In the years of
high abundance, being neretic species, herring Clupea
pallasii of the Korf-Karagin population may advance
in open deep-sea waters (Shuntov et al., 1988b; Nau-
menko, 2010; Shuntov, 2016). We detected this phe-
nomenon several times in our study.

Abundance of the aforelisted nekton species con-
trolled the direction and value of organic matter flow
in the upper epipelagic foraging food web of Western
Bering Sea in the early summer period. Mean long-
term value of food consumption by fish and squids in
this period in the upper layer of the epipelagial of the
Commander Basin is estimated as 22 kg/km? per day
and 25 kg/km? per day in the western part of the Aleu-
tian Basin (Fig. 4). In both regions, the food con-
sumption by large-sized chum salmon, pink salmon,
and squids (principally by boreopacific gonate squid)
was considerable. Diel food consumption by pink and
chum salmons attained 80% of all food consumed by
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nekton in the upper epipelagial. Mean long-term pro-
portion of squids in the diel consumption of resources
in the Commander Basin was 14% due to boreopacific
gonate squid and juveniles of the family Gonatidae
being very abundant in this region. In the western part
of the Aleutian Basin, the food consumption by squids
was lower. Thus, in the upper epipelagial of these
regions, the bulk of food resources was consumed at
trophic levels 3.5—3.8, and the principal consumers
were pink salmon, large-sized mature chum salmon,
and boreopacific gonate squid (Fig. 5).

Organic matter is transferred from the primary to
upper trophic levels via zooplanktonic organisms. In
both regions, the main prey were euphausiids
(Euphausiacea, principally Thysanoessa longipes),
pteropods (Pteropoda, Limacina helicina and Clione
limacina), amphipods (Amphipoda, mainly 7Themisto
pacifica), and jellyfish (Jellyfish, Ctenophora, Oiko-
pleura, etc.), while along with those in the Com-
mander Basin were also copepods (Copepoda, Neo-
calanus cristatus and Eucalanus bungii) (Fig. 4). The
fraction of the aforesaid food groups consisted > 80%
of all food consumed by nekton in the upper layer of
the epipelagial. Euphausiids were consumed mainly by
mature pink salmon, large-sized mature chum
salmon, and by boreopacific gonate squid. Just these
three nekton species consumed 7.7 and 6.6 kg/km?
euphausiids per day in the Commander Basin and in
the western part of the Aleutian Basin respectively.
Consumption of euphausiids by all species of nekton
in these regions was estimated as 9.0 and 7.8 kg/km?
per day, respectively. In the western part of the Aleu-
tian Basin, where the biomass of feeding chum salmon
of various size was high (Fig. 3), considerable quantities
of pteropods and jellyfish were consumed: 6.1 and
2.9 kg/km? per day, respectively. Specialization on
pteropods and trophic selectivity of chum salmon in
relation to jellyfish was previously noted (Volkov,
1994; Volkov et al., 1997; Dulepova, 1998; Starovoy-
tov, 2003b; Chuchukalo, 2006; Zavolokin, 2008). The
next group of zooplankton clearly selected by salmons
was amphipods (hyperiids) (Volkov, 1996; Gor-
batenko, 1996; Chuchukalo, 2006; Zavolokin, 2008;
Naydenko et al., 2008). In the western part of the
Aleutian Basin, the salmons consumed 2.6 kg/km? of
hyperiids per day, while other nekton groups com-
prised only 0.2 kg/km? per day. In the Commander
Basin, the abundance of salmons was lower and they
consumed less amphipods: 1.5 (other nekton species
consumed 0.3) kg/km? per day. Copepods were pres-
ent in the diet of many fish and squid species. Cope-
pods usually consist the bulk of food in Atka mackerel,
walleye pollock, herring, and mesopelagic fish (Efim-
kin, 2006; Chuchukalo, 2006) whose biomass was
insignificant in both regions (Fig. 2). Therefore, graz-
ing of copepods by nekton made just 1.2 and
0.8 kg/km? per day in the Commander Basin and in
the western part of the Aleutian Basin, respectively.
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The fraction of nektonic food mainly consumed by
fish and squid made 15—19% of the total food
resources (Fig. 4).

The aforementioned food items formed the princi-
pal trophic interrelations of nekton in the early sum-
mer period. All other prey occurring in the consumers
of high trophic level diet were secondary or occasional
food items contributing to the diversity of trophic
interrelations. The total number of trophic links in the
form of “prey — consumer” (a nektonic species) in
the Commander Basin was 282, while that in the Aleu-
tian Basin was lower: 202. A more ramified trophic
web in the upper epipelagial of the Commander Basin
depends on a more diverse composition of consumers
foraging in this region. Since the biomass of principal
consumers in both regions differed insignificantly, the
proportion of primary trophic links was at almost the
same level: 70 and 74% of all consumed food in the
Commander Basin and in the western part of the
Aleutian Basin, respectively (Table 1).

The summer period. As the summer period devel-
ops, the biomass of nekton in the upper epipelagial of
the Commander Basin increased by 1.6 times and that
in the western part of the Aleutian Basin increased by
almost three times (Fig. 2). This was mainly due to
massive feeding migration of immature chum salmon
(1 marine year and older), sockeye salmon O. nerka,
and Chinook salmon O. fshawytscha from adjacent
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areas. In the Commander Basin, the specific biomass
of immature feeding chum salmon (FL > 40 cm) was
350 kg/km? and that in the Aleutian Basin was
490 kg/km? (Figs. 3a, 3b). It should be noted that the
abundance of mature chum salmon FL 40—50 cm in
this region was also high (353 kg/km?). The biomass of
large immature sockeye salmon in the Commander
Basin and in the western part of the Aleutian Basin
increased by 3 and 19 times, respectively, while that of
chinook salmon increased by eight and four times,
respectively. On the contrary, biomass of pink salmon
in both regions decreased as they finish the anadro-
mous migration through deep basin and already
entered the coast waters and further enter the rivers
moving upstream (Shuntov and Temnykh, 2008b,
2011). Of other nekton species, the squid biomass
increased: two times in the Commander Basin and
seven times in the western part of the Aleutian Basin
(Fig. 2).

Compared with June, the daily consumption of
food by nekton in the upper layer of the epipelagial
increased in the Commander Basin and in the western
part of the Aleutian Basin by 1.6 times (to 35.7 kg/km?
per day) and 3.0 times (to 74.4 kg/km? per day) on
average, respectively (Fig. 4). Mean salmon proporti-
non in the general food consumption in the Com-
mander Basin and in the western part of the Aleutian
Basin was 79 and 87%, respectively, while that of

No. 5 2019
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squids was 16 and 9%. Thus, in summer in the upper
epipelagial of investigated regions, major flows of
organic matter onto upper trophic levels 3.0—4.0 were
mostly directed to salmons (chum salmon and sockeye
salmon) and in less degree to squids (Fig. 6).

In the Commander Basin, due to increased bio-
mass of immature feeding chum salmon and sockeye
No. 5
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salmon, the consumption of amphipods, pteropods,
and small-sized nekton increased (Fig. 4). The con-
sumption of euphausiids changed insignificantly as
the biomass of some consumers of euphausiids, in par-
ticular squids, increased while other main consumers
of euphausiids decreased (pink salmon). In the Aleu-
tian Basin, the consumption of euphausiids and of
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small-sized nekton, amphipods, and copepods signifi-
cantly increased due to active feeding on these hydro-
bionts by foraging juvenile salmons of various-sizes
and consumption by squids. The consumption of jelly-
fish decreased in the Commander Basin while
increased in the Aleutian Basin due to changing abun-
dance and diet of chum salmon-main consumer of jel-
lyfish.

The change in consumption of certain prey is
related not only to abundance of consumers and to
ecology of their feeding (Fig. 7). In some cases, there
was simultaneous increase (or decrease) of prey in the
diet proportion and in the total abundance. In the end
of summer and in autumn, the biomass of amphipods
increased by three to four times in the upper epipelagial of
the deep-sea (Figs. 7c, 7d, 7g, 7h). It is supposed that
the increase in the abundance is related to growth and

Table 1. Number and value of trophic links in nekton of the upper epipelagial of the Commander Basin and the western

part of the Aleutian Basin in summer—autumn 2000s

Commander Basin Western part of Aleutian Basin
Parameter carly carly
summer summer autumn summer summer autumn
Total number of trophic links 282 158 188 202 197 150
Number of primary trophic links 11 19 10 12 25 10
expressed by weight > 0.5 kg/km?
Value of all trophic interrelations 21.8 35.7 21.5 24.9 74.4 32.8
(or total daily food consumption), kg/km?
Value of principal trophic interrelations, 15.2 28.6 13.6 18.4 63.9 25.8
kg/km?
Fraction of principal trophic interrelations 69.8 80.1 63.2 73.9 85.9 84.3
in the total daily food consumption, %
JOURNAL OF ICHTHYOLOGY  Vol. 59 No. 5 2019
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development of the summer generation of crustaceans
and to the beginning of appearance juveniles of mass
species of hyperiids from the autumn generation (She-
banova et a., 2014). In the same period, the fraction of

JOURNAL OF ICHTHYOLOGY Vol.59 No.5 2019

hyperiids in the diet of nekton increased, e.g., in the
ration of chum salmon of all size groups in both
regions (Figs. 8a, 8b) and in the diet of sockeye salmon
(Figs. 8¢, 8d) and of Atka mackerel in the Commander
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Basin. In the summer period, the biomass of euphau-
siids also increased, reaching maximum values in
August—September but followed by decreasing in
October—November (Figs. 7a, 7b, 7e, 7f). This is
related to seasonal vertical redistribution of various

size groups of these crustaceans and to their consump-
tion (Chuchukalo et al., 1996; Shuntov, 2001). Within
the study area, the euphausiids were consumed by
upper trophic levels throughout summer and autumn.
In many species, including salmons, the proportion of
JOURNAL OF ICHTHYOLOGY  Vol. 59
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euphausiids in the diet decreased in the summer period
and, especially, in autumn (Fig. 8). The changes in the
composition and abundance of small-sized nekton
were also reflected in the food composition of fish and
squids. In deep-sea basins of the Bering Sea the fol-
lowing species are mainly dominant among small-
sized nekton: northern lumpfish, northern smooth-
tongue, juvenile Alka mackerel, juvenile squids, and
three-spined stickleback in some years (Zavolokin,
2008). In summer juveniles of Atka mackerel are mas-
sively drifted in the upper epipelagial of Western Ber-
ing Sea deep basins (Mel’nikov and Efimkin, 2003).
Biomass of juvenile Atka mackerel in the deep-sea
regions increased in August—September by almost
30 times (Fig. 9). In this period, the juveniles of Atka
mackerel were actively consumed by salmons. For
example, chum salmon, chinook salmon, and sockeye
salmon consumed up to 6 kg/km? of juvenile Atka
mackerel per day in the western part of the Aleutian
Basin. At the same time in the Commander Basin,
where juvenile Atka mackerel was much more abun-
dant, their consumption was only 0.6 kg/km? per day
due to lower biomass of salmons. After spawning
period in deep layers newly-emerged squid juveniles
(mainly boreopacific gonatr squid) passively migrate
in upper epipelagic layer. Mean specific biomass of
juvenile squids in summer is estimated as 60 kg/km? in
the Commander Basin (Fig. 9a) and as 52 kg/km? in
the western part of the Aleutian Basin (Fig. 9b). Their
proportion in the diet of salmons, especially of sock-
eye salmon (Figs. 8c, 8d), and in the diet of adult squid
also increased. Generally, the proportion of nektonic
food in the diet of fish and squid increased by 2—
3times, i.e., some redistribution of load on prey
groups took place. It should also be noted that in sum-
mer the trophic level of salmons and squids increased
up to 4.0—4.1 due to the decreased fraction of zoo-
planktonic food and the increased fraction of nekton
food in the diet of chum salmon and sockeye salmon
and the increased fraction of squid juveniles in the diet
of adult squids (Fig. 6).

In spite of the increased biomass of consumers, the
total number of trophic links in the trophic web of the
upper layer of the epipelagial in the Commander Basin
decreased in comparison with that in the early summer
by 1.8 times, while that in the Aleutian Basin changed
insignificantly. However, the number of primary links
increased in both regions and their proportion of the
total consumption by nekton was over 80% (Table 1,
Fig. 6). It is known that the total number of food items
(or of trophic interrelations) usually decrease at rich
food resources (Nikolskii, 1953; Zheltenkova, 1973).
In the summer period, the increase in biomass of con-
sumers and of consumed volumes of food resources
were recorded, but no increase in the total number of
trophic interrelations or in the fraction of secondary
interrelations were recorded, which might indicate to
deterioration of foraging conditions.
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The autumn period. From September until Novem-
ber the abundance of middle-sized and large-sized
salmons decreases in deep-sea regions. At the same
time, their biomass, in particular that of chum salmon
and sockeye salmon, still remains significant. Biomass
of small-sized juveniles (especially that of pink
salmon) increases as they advance from coastal areas
offshore. Preparing to the following winter, all sal-
mons start migrate toward Southern Bering Sea and
Aleutian waters of the North Pacific (Radchenko,
1994; Starovoitov, 2003a; Glebov, 2007a, 2007b,
2007¢c; Shuntov and Temnykh, 2008b, 2011; Shuntov,
2016). Among other nekton species, the biomass of
squids increases (mainly of boreopacific gonate
squid), especially in the western part of the Aleutian
Basin (Fig. 2) (Starovoytov, 2003a; Glebov, 2007a,
2007b, 2007c; Somov, 2017). The boreopacific gonate
squid is an active vertical migrant forming high con-
centrations in the dark period of the day in the upper
layer of the epipelagial (Nesis, 1997; Watanabe et al.,
2006; Zuev et al., 2007). After summer and summer—
autumn spawning, the juveniles of this species appear
in abundance in the upper epipelagial (Zuev et al.,
2007). Biomass of juveniles of boreopacific gonate
squid in autumn in the Commander Basin and in the
western part of the Aleutian Basin was 69 and 151 kg/km?,
respectively (Figs. 9a, 9b). The walleye pollock is also
important in the trophic structure of the pelagial of the
Bering Sea (not only in shelf and slope areas but also
in deep-sea basins), especially in autumn (Shuntov
et al., 1993; Naydenko, 2007; Zavolokin et al., 2014).
In different years, the abundance of walleye pollock in
deep-sea areas considerably varies depending on vari-
ation of the general biomass of populations, abun-
dance of particular generations, oceanological condi-
tions, etc. (Shuntov et al., 1993; Stepanenko, 1997,
2001; Shuntov, 2016). In recent decades after decrease
of its abundance, the distribution of walleye pollock of
all stocks into deep-sea basins decreased considerably
(Shuntov, 2016). In the 2000s in the upper layer of the
epipelagial of the deep-sea basins, the mean long-term
specific biomass of walleye pollock calculated by the
data of trawl catches did not surpass 5.0—7.0 kg/km?.
One more important element of the trophic structure
of the upper epipelagial of deep-sea regions in autumn
is the three-spined stickleback. This species is charac-
terized by noticeable periodical increase of abundance
(Chereshneyv et al., 2002; Bugaev et al., 2007; Staro-
voytov et al., 2014). Stickleback fry conduct their sea-
ward migration from Kamchatka fresh water bodies in
August—September and mass aggregations are mainly
caught in the Commander Basin along the slope of
Olyutorsk Bay and Karaginsk Bay. Biomass of stickle-
back in this region in late September and early October
was 2.5 and 1.5 kg/km?, respectively. In late summer—
early autumn species belonging to low boreal-subtrop-
ical complex: Japanese anchovy Engraulis japonicus,
saury Cololabis saira, Pacific pomfret Brama japonica
may migrate into the deep-basin regions of Western
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Bering Sea (Radchenko, 1994; Glebov et al., 2010;
Shuntov, 2016). In the period of investigations, their
proportion, mainly that of saury, did not surpass
1.5% of the total biomass of nekton.

Due to autumn restructuring in the composition
and abundance of mass species of the nekton commu-
nity, the consumption of food by nekton decreased
two times on average in comparison with summer: to
22 kg/km? per day in the Commander Basin and to
33 kg/ km? per day in the western part of the Aleutian
Basin (Table 1). In both regions, food consumption by
large-sized chum salmon and sockeye salmon
decreased rather significantly. At the same time in the

JOURNAL OF ICHTHYOLOGY  Vol. 59

Commander Basin, the food consumption by migrat-
ing juveniles of salmons increased, in particular by
pink salmon. Food consumption by boreopacific gonate
squid also increased: by 1.8 times (to 7.4 kg/km? per day)
in the Commander Basin and by 3.3 times (to 15.6 kg/km?
per day) in the western part of the Aleutian Basin.
Thus, the principal consumers of food resources in the
upper epipelagial in both regions were boreopacific
gonate squid, chum salmon, juvenile pink salmon,
and sockeye salmon (Fig. 10). The proportion of these
species in the total food consumption by nekton were
88 and 95% in the Commander Basin and in the west-
ern part of the Aleutian Basin, respectively. Other con-
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sumers may be considered as secondary. In the Com-
mander Basin, these are Atka mackerel, Chinook
salmon, saury (mainly in the south of this region),
northern smoothtongue, capelin Mallotus villosus,
three-spined stickleback, and squid. The total fraction
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of these species was ~7% of the total food consump-
tion by nekton. In the Aleutian Basin, the fraction of
secondary food consumers (Chinook salmon, herring,
Atka mackerel, northern smoothtongue, and squid) is
estimated as 4% of the total food consumption. The
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Fig. 11. Dendrogram of food composition’s similarity for major nekton species and of their size groups (FL) in the upper epipe-
lagial of deep-sea basins for the western part of the Bering Sea during summer—autumn of 2000s.

food consumption by walleye pollock recorded in the
upper layer of the epipelagial did not exceed 0.1 kg/km?
per day throughout summer—autumn. It should be
noted that walleye pollock in the years of its high
abundance was one of the principal elements of the
trophic web, mainly in the late summer and in autumn
in shelf and slope regions (Naydenko, 2007).

The energy flow in the Commander Basin were
carried out through ampipods (7. pacifica), euphausi-
ids (Th. longipes and less so Th. inermis), pteropods
(principally C. limacina), and various species of small-
sized nekton. The proportion of amphipods in the
total food consumption increased to 30% due to their
active consumption by juvenile salmons and squid. In
the western part of the Aleutian Basin, the major food
items were euphausiids, pteropods, amphipods, and
small-sized nekton (Fig. 4). These trophic groups
made 82 and 93% of the total food consumed by nek-
ton in the Commander Basin and in the western part
of the Aleutian Basin, respectively. The total number
of trophic links of nekton decreased only in the west-
ern part of the Aleutian Basin, the number of primary
trophic links decreased in both deep-sea regions. It
happened due to decrease in abundance of such con-
sumers as chum salmon and sockeye salmon and
beginning of their seasonal migration to the North
Pacific. The proportion of primary trophic links in the
total diel food consumption by nekton did not change
(Table 1).

Thus, due to changes in composition and abun-
dance of main consumers, total consumption by fish
and squid in the upper epipelagic layer of Western Ber-
ing Sea deep regions decreased. Squid and salmons

JOURNAL OF ICHTHYOLOGY  Vol. 59

remained major consumers of food resources. In the
Commander Basin, the fraction of interrelationships
amphipods — salmons and amphipods — squids
increased in the total food consumption.

CONCLUSIONS

The seasonal changes in the trophic structure of
nektonic communities of the upper epipelagial of the
western part of the Bering Sea depend on various rea-
sons and are characterized by specific conditions for
this region. First, there is a considerable difference in
the forage period and region of salmons (mature,
large-sized, and medium-sized, and juveniles), squid
(juveniles and adults), Atka mackerel, walleye pollock,
and herring (Figs. 2, 3, 9). Cooccurrence in deep-sea
regions of these mass species of nekton (and of their
size-age groups) would increase the pressure on food
resources by several times. Secondly, feeding selectiv-
ity and presence of cyclic interrelationships in some
nektonic species lead to a considerable divergence of
food spectra in mass species of fish and squid. Cluster
analysis showed that the food composition differs not
only between different species but also within size
groups of these species (Fig. 11). Third, the seasonal
changes occurring in the composition and abundance
of food organisms significantly expand the forage base
of consumers due to the possibility to feed on not only
preferred but on mass available prey (in particular, on
juveniles of fish and squid). The listed traits decrease
the food competition between consumers and result in
a more homogeneous grazing pressure distribution on
food resources.

No. 5 2019
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Comparing the total consumption of fish and
squids with total prey abundance we can assess an
exploitation degree of the forage base and the food
capacity. The highest consumption by nekton of food
resources in deep-sea regions was recorded in summer
(from the third 10-day period of July until the second
10-day period of September). The main consumers
were immature salmons which do feeding migrations
and squid which abundance increase from early-sum-
mer to autumn. Thus, the daily coefficient of grazing
pressure in summer were the highest ones—0.0007 in
the Commander Basin and 0.0016 in the western
Aleutian Basin. In early summer and in autumn, this
parameter changed from 0.0003 to 0.0009. In all sea-
sons, the coefficient of grazing pressure was higher in
the western part of the Aleutian Basin. The very low
values of grazing pressure coefficients imply that food
capacity fairly fulfill nekton’s demands. For such
groups of zooplankton as amphipods, pteropods, and
euphausiida that are not dominant in plankton but are
actively consumed by fish and squid, this parameter
varied within 0.0001—0.014. The coefficient of use for
copepods and sagitts (Sagitta, Chaetognatha), which
have a high biomass and high portion in zooplankton
community but that are a secondary food in the diet of
most mass species, was lower: 0.00005—0.0001 and
0.0001—0.0006, respectively. Copepods and sagitts
may consist a considerable reserve for food capacity
for fish and squid in the upper epipelagial of deep-sea
basins. High abundance of secondary prey and as a
consequence high availability may potentially provide
alleviation of the grazing pressure on primary prey
such as amphipods, euphausiids, and pteropods. In
turn, the load on these groups of plankton is also redis-
tributed in autumn when the amphipods increase and
euphausiids decrease their abundance. Small-sized
nekton also makes an important to the forage base of
many fish species. Model estimations showed that the
abundance of small-sized nekton in the deep-sea part
of the sea may be considerable in summer—autumn:
78—507 (228) mg/m? (Zavolokin and Glebov, 2009).

Throughout the summer-autumn period, Pacific
salmons were the major consumers of zooplankton
and nekton resources in the upper epipelagial of deep-
sea regions. Due to spatial and temporal separation of
different salmon species and size groups within one
specie, salmon, even at high densities, did not con-
sume so much food that might influence the function-
ing of pelagic communities of the Bering Sea and lead
to critical situations. This confirms the outputs
obtained in previous studies (Naydenko, 2007, 2009,
2010; Shuntiov and Temnykh, 2008a, 2008b, 2011;
Zavolokin, 2011, 2014; Shuntov, 2016).

Thus, using the Western Bering Sea deep basins as
an example, we consider that the composition, abun-
dance, period of spawning and feeding migrations,
spatial and vertical distribution, feeding habits, and
plankton-nekton trophic interrelations are not just a
result of adaptations and relationships between species
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but are the mechanisms controlling plasticity of tro-
phic webs, which contribute to stability of ecosystems
in turn.
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