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Abstract—Based on the results of research in 1995–2020, mass and potentially commercial fish species have
been identified in Russian waters of the Chukchi Sea. Among the 72 species recorded in trawl catches, 16 spe-
cies from six families were mass species; fishes of the cod family (Gadidae) were absolutely dominant among
them (on average, 92.6% of the total commercial biomass of marine fishes). In the late 1990s–early 2000s,
the stocks of this family were represented mainly by polar cod Boreogadus saida. In the late 2010s, its biomass
significantly decreased; however, the stocks of Walleye pollock (Gadus chalcogrammus) significantly
increased as a result of its migrations from the northern part of the Bering Sea. The size-age and weight char-
acteristics, features of the linear and weight growth, and period, scale, and conditions of spawning and feed-
ing have been analyzed for Walleye pollock, polar cod, saffron cod Eleginus gracilis, and Pacific cod G. mac-
rocephalus. The biological parameters of the fishes from the Chukchi and Bering seas have been compared.
It is noted that saffron cod and Pacific cod in the study area are represented mainly by juveniles and immature
individuals. In addition to juveniles, a significant number of individuals with a length of over 50 cm at age ≥7
years have been recorded among Walleye pollock individuals in 2018–2020. Polar cod from the Chukchi shelf
differed in a smaller body size than polar cod from the northwestern part of the Bering Sea.
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The Russian Arctic with its extremely harsh natural
conditions is a strategically important region, primar-
ily because it covers up to a quarter of the world’s
undiscovered oil and gas reserves on the Arctic shelf
(Kovalev and Filippova, 2010). Renewable biological
resources also play an important role in this region. It
is significant stocks of marine fishes in the western
sector of the Arctic (mainly in the Barents Sea and, to
a lesser extent, in the White, Kara, and Laptev Seas)
that make it possible to carry out long-term stable
fishing here. For instance, it was recommended to
catch 56.84 thousand tons of 45 fish stock units in the
waters of these seas in 2020, while fishing opportuni-
ties in the eastern sector of the Arctic (the East Sibe-
rian and Chukchi Seas) were limited to 11 fishing
objects with a total volume of 3.91 thousand tons, of
which 3.9 thousand tons were represented by one spe-
cies, polar cod Boreogadus saida, from the Chukchi
Sea.

The revival of state interest in the Arctic seas has led
to an increase in the number of expeditionary studies,
primarily in the Chukchi Sea, the fishing significance
of which has so far been poorly studied. Whereas five
integrated trawl surveys were performed in Russian
waters of the sea from 1990 to 2009, the same number

of trawl surveys have been performed in the last decade
(three of them in 2018–2020). An important result of
the regularity of studies was the discovery of commer-
cial aggregations of Walleye pollock Gadus chalco-
grammus in the southwestern part of the Chukchi Sea,
which made it possible to recommend 37.2 thousand
tons of this species for catching in the total allowable
catch regime in 20211.

The appearance of significant stocks of large-sized
Walleye pollock in 2018 and, in particular, in 2019–
2020 in Russian waters of the Chukchi Sea, which was
previously hardly recorded during trawl studies (Orlov
et al., 2020), resulted from climatic and oceanological
changes in the Bering and Chukchi seas in recent years
(Baker et al., 2020; Basyuk and Zuenko, 2020; Daniel-
son and al., 2020; Plotnikov et al., 2020; Siddon et al.,

1 Order no. 601 of the Ministry of Agriculture of the Russian Fed-
eration dated October 9, 2020 “On the Approval of the Total
Allowable Catch of Aquatic Biological Resources in the Inland
Sea Waters of the Russian Federation (in the Territorial Waters
of the Russian Federation, on the Continental Shelf of the Rus-
sian Federation, in the Exclusive Economic Zone of the Russian
Federation, and in the Caspian Sea as of 2021.”
(https://rulaws.ru/acts/Prikaz-Minselhoza-Rossii-ot-09.10.2020-
N-601)
560



FEATURES OF THE BIOLOGY OF MASS FISH SPECIES 561
2020). The general warming of the air and sea waters,
as well as a decrease in the area of sea ice and the
reduction of its melting period and changes in the cir-
culation of currents and composition of food supply,
have contributed to the redistribution of part of pol-
lock aggregations to the northern part of the Bering
Sea, followed by their penetration into the southwest-
ern part of the Chukchi Sea through the Bering Strait
(Eisner et al., 2020; Nishio et al., 2020; Baker, 2021;
Orlov et al., 2021). The intensification of the migra-
tion activity in the northern direction within the Ber-
ing Sea in the late 2010s was also recorded for Pacific
cod Gadus macrocephalus, Pacific herring Clupea pal-
lasii, pink salmon Oncorhynchus gorbuscha, capelin
Mallotus villosus catervarius, and juvenile sockeye
salmon O. nerka (Eisner et al., 2020; Farley et al.,
2020; Yasumiishi et al., 2020; Datsky and Samoilenko,
2021). On the whole, climate change in the last decade
has led to significant transformations in marine eco-
systems, including fish communities, which has been
significantly reflected in the distribution of fish
resources, biomass, and biology.

The uniqueness of Russian waters of the Chukchi
Sea is that its water masses are strongly influenced by
warm and saline transformed Pacific waters entering
from the Bering Sea through the Bering Strait and, at
the same time, by the cold waters of the Arctic Ocean
and freshened waters of the East Siberian Sea entering
through the Long Strait (Dumanskaya, 2017). It seems
quite probable that many representatives of fish com-
munities in the Chukchi Sea may respond to the vari-
ability of the habitat and serve as a kind of indicator of
possible transformations in the ecosystem of this water
body and the adjacent waters. At the same time, there
is no up-to-date information on the features of habi-
tat, distribution, and biology (size–age composition,
growth rate, age, maturity duration, and spawning
period and scale) even for mass fish species living in
the water area of the sea.

The purpose of this research is to identify mass and
potentially commercial fish species in Russian waters
of the Chukchi Sea, compare their biological features
with the biological features of fishes from the adjacent
waters of the Bering Sea. This publication (Part 1)
presents long-term data on the commercial biomass of
marine fishes and biology of representatives of the cod
family (Gadidae), which dominates in the studied
area. In our further research (parts 2 and 3), we will
consider similar data on fish species from the f latfish
(Pleuronectidae), bullhead (Cottidae), herring (Clu-
peidae), smelt (Osmeridae), and salmonid (Salmoni-
dae) families and make the final conclusion.

MATERIALS AND METHODS
In this study, we used expeditionary data on the

commercial biomass and biology of mass fish species
from Russian waters of the Chukchi Sea. Materials of
nine integrated trawl surveys (which included 366
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trawlings) performed in 1995–2020 on research ves-
sels of the Research Fleet Base of the Russian Federal
Research Institute of Fisheries and Oceanography
served as a basis for this study. On the whole, our stud-
ies in the summer–autumn period covered a signifi-
cant area of the Russian sector of this Arctic sea,
except the coastal shallow part with depths of less than
26 m (Table 1). The resulting data on the biology of
fishes from the Chukchi shelf were compared with the
previously presented (Datsky and Andronov, 2007;
Datsky, 2015b; Datsky, 2016) materials of trawl sur-
veys from the northwestern part of the Bering Sea. The
schematic map of Russian waters of the Chukchi Sea
and adjacent areas of the Bering Sea, which were cov-
ered by the comparison analysis, is shown in Fig. 1.
The coordinates of the boundary of the Chukchi Sea
fishing zone in the figure correspond to those indi-
cated in the Order of the Ministry of Agriculture2.

Unlike the Bering Sea, where the biological char-
acteristics of fishes were recorded using various fishing
gear throughout almost the entire calendar year
(Datsky and Andronov, 2007; Datsky, 2016, 2017a,
2017b; Datsky and Maznikova, 2017), material in the
Chukchi Sea was collected in a limited time (August–
September) exclusively with trawls due to harsh natu-
ral conditions and the absence of fishing activity.
During integrated surveys, we used bottom and pelagic
trawls with a fine mesh (10 mm) in the cod end for
effective catching of juvenile fish; the duration of each
trawling was 30 min. Trawl surveys were pelagic in
2003, 2007, and 2008 and bottom in the other years.
To clarify the prospects for Walleye pollock fishing in
the southern part of the sea, five trawlings were also
carried out with the above-mentioned pelagic trawl
(but without a fine-meshed insert) in early September
2020, each trawling with a duration of 3 hours.

Using data from cruise reports, in which the total
fish biomass was determined by the area method
(Aksyutina, 1968) or modified Voronoi–Dirichlet
method of mesh strata (Borisovets et al., 2003) based
on the average catch value per 1 km2 of the studied
water area with differentiated trawl catchability coeffi-
cients (Macrofauna…, 2012), we identified mass and
potentially commercial fish species. For this purpose,
we calculated their commercial biomass, i.e., part of
the total stocks of hydrobionts consisting mainly of
mature individuals that reached commercial size and,
accordingly, were of interest within the organization of
industrial and coastal fisheries. It should be noted
that, since there is insufficient information on the
mass maturation of fish upon reaching a certain body
length and age and there are no appropriate biological

2 Order no. 267 of the Ministry of Agriculture of the Russian Fed-
eration dated May 23, 2019 (amended of June 27, 2019) “On the
Approval of the Fishing Rules for the Far Eastern Fishery
Basin”. (https://fish.gov.ru/wp-content/uploads/documents/
otraslevaya_deyatelnost/lubitelskoe_rybolovstvo/Pravila_Dal-
nevostochnogo_2.pdf)
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Table 1. Size of the studied water area, depth coverage, number of trawlings and floodplain fish species in the Chukchi Sea
in the summer–autumn period in 1995–2000

* Pelagic surveys; bottom surveys in other years.

Study period
Size of the study area, 

thousand km2

Depths, m Number

of trawlings of fish species

August 20–August 22, 1995 87.0 40–52 8 9
August 25–September 2, 1997 161.1 26–56 41 16
August 24–August 30, 2003* 46.7 30–55 18 14
August 11– August 21, 2007* 140.4 30–55 40 21
September 2–September 8, 2008* 93.8 30–55 25 25
September 7–September 17, 2010 104.5 45–54 38 17
August 31–September 10, 2018 36.3 43–270 54 58
August 10– August 28, 2019 229.2 27–267 80 42
August 26–September 4, 2020 59.7 43–68 62 46
Entire period >229.2 26–270 366 72
justifications for determining the minimum commer-
cial size of fish resources within the Chukchi Sea, our
analysis involved the available materials on other water
areas of the Far Eastern fishery basin3. Therefore, in
addition to data on mass species in catches (which,
however, are often represented by noncommercial
individuals), new data on potentially commercial fish
were also obtained. It should be noted that fish with an
occurrence of more than 50% in trawl catches were
considered mass species (Sheiko and Fedorov, 2000)
(if they met this criterion based on the results of stud-
ies for at least one year); species that are currently not
used by fishery, but can be involved in fishery under
certain conditions without prejudice to their repro-
duction were considered potentially commercial.

The fish biology was described using data from
53945 thousand measurements of body length,
7367 thousand biological analyzes (complete or only
with dissection), and 1343 thousand age determina-
tions. For size–weight characteristics, the fork length
(FL) of all fish individuals was measured with an accu-
racy of 1 cm and the total body weight was determined.
Complete biological analysis was performed not only
for modal size groups but also for large and small indi-
viduals of both sexes. For this purpose, five to ten male
specimens and the same number of females were pur-
posefully selected per 1 cm of the size range. During
most of the cruises, representatives of ichthyofauna
were weighted on a Marel electronic balance (Marel,
Iceland) designed for operation under sea rolling con-
ditions, at an error of 0.1 g. The sex ratio, size–age
composition, and distribution of fish by gonad matu-
rity stages are represented using the arithmetic means
of relative values by year.

3 Order of the Ministry of Agriculture of the Russian Federation
dated May 23, 2019 No. 267.
JO
The age was determined by otoliths of 1343 fish
individuals (polar cod, Walleye pollock, Bering f loun-
der Hippoglossoides robustus, and Pacific cod: 684,
478, 177, and 4 specimens, respectively). The age of
Bering f lounder was determined under laboratory
conditions by whole otoliths (regardless of their size)
using an Olympus SZX 12 stereomicroscope (Olym-
pus, Japan) with Cell image analysis against the otolith
transmitted light (Lear and Ritt, 1975; Bowering and
Nedreaas, 2001; ICES, 2017). For large otoliths of
flounders and all cod otoliths, we used the “break and
burn” method, which is widely used in studies of both
cod fishes and flounders (Chilton and Beamish, 1982;
Brodziak and Mikus, 2000; Buslov and Varkentin,
2001; Zolotov, 2006; Fey and Weslawski, 2017).
According to this technique, the otolith was broken in
half and burned in the f lame of an alcohol lamp and
then viewed in reflected light to count annual rings as
a combination of light and dark zones.

RESULTS AND DISCUSSION
Commercial Biomass of Mass Fishes
in Russian Waters of the Chukchi Sea

Previous studies (Datsky, 2015a) showed that only
42 species of the ichthyofauna of Russian waters of the
Chukchi Sea (38.2% of the recorded fish species) con-
stantly occurred in fishing gear. Materials supple-
mented with the up-to-date results of trawl surveys
increased the number of these species to 72, mainly
based on the expansion of research works in the north-
ern part of the sea (Table 1). At the same time, only 16
species from six families were relatively abundant and
formed a significant biomass in different years; among
them, cod fishes were absolutely dominant (Table 2)
(on average, 92.6% of the total commercial biomass of
marine fishes). It should be noted that, whereas in the
late 1990s–early 2000s, the stock of this family was
URNAL OF ICHTHYOLOGY  Vol. 62  No. 4  2022
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Fig. 1. Schematic map of Russian waters of the Chukchi Sea and separate water areas in the northwestern part of the Bering Sea:
(d) scientific trawling sites in 1995–2020, (– –) boundary of the Chukchi Sea fishing zone, (–·–) state maritime border of Rus-
sia. Designations of the areas: CS, Chukchi Sea, CB, Chirikov basin; NA, CA, and WA, the northern, central, and western parts
of the Gulf of Anadyr, respectively; KA, Koryak area. 
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formed mainly from polar cod, its biomass signifi-
cantly decreased in the late 2010s; however, the stock
of Walleye pollock sharply increased by that time,
JOURNAL OF ICHTHYOLOGY  Vol. 62  No. 4  2022
which was determined (as already mentioned above)
by its migrations to the study area from the northern
part of the Bering Sea.
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Table 2. Commercial biomass (thousand tons) of marine fishes in Russian waters of the Chukchi Sea according to bottom
(1997, 2010, and 2018–2020) and pelagic (2003, 2007, and 2008) trawl surveys

Family, species 1997 2003 2007 2008 2010 2018 2019 2020

Gadidae: 366.000 156.100 18.900 0.730 15.007 44.286 428.580 369.895

Gadus chalcogrammus 0 0 0 0.070 0.157 31.598 380.00 364.700

Boreogadus saida 366.000 156.100 18.090 0.660 14.850 12.600 48.500 5.134

Eleginus gracilis 0 0 0 0 0 0 0.080 0.030

Gadus macrocephalus 0 0 0 0 0 0.088 0 0.031

Pleuronectidae: 16.280 0 0 0 0.817 3.857 17.240 6.745

Hippoglossoides robustus 16.280 0 0 0 0.580 3.716 17.240 6.585

Pleuronectes quadrituberculatus 0 0 0 0 0.236 0.123 0 0.115

Limanda aspera 0 0 0 0 0 0.015 0 0.014

Platichthys stellatus 0 0 0 0 0 0 0 0.030

Reinhardtius hippoglossoides 0 0 0 0 0.001 0.003 0 0.001

Osmeridae: 0 4.720 0.480 3.216 0 0.784 0 0.726

Mallotus villosus catervarius 0 4.720 0.480 3.216 0 0.784 0 0.722

Osmerus mordax dentex 0 0 0 0 0 0 0 0.004

Cottidae: 4.870 0 0 0.200 2.214 0.643 0 0.512

Myoxocephalus verrucosus 4.870 0 0 0.200 2.214 0.643 0 0.512

Clupeidae: 0.120 0 0.080 0.040 0.513 0.020 0.392 0.052

Clupea pallasii 0.120 0 0.080 0.040 0.513 0.020 0.392 0.052

Salmonidae: 0 0 0 1.250 0 0 0 0

Oncorhynchus keta 0 0 0 0.980 0 0 0 0

O. tshawytscha 0 0 0 0.150 0 0 0 0

O. nerka 0 0 0 0.120 0 0 0 0

Total 387.270 160.820 19.460 5.436 18.551 49.590 446.212 377.930
Fishes of other families are not so abundant; how-
ever, in a number of years, the biomass of some of
them (capelin, Bering f lounder, and shorthorn sculpin
Myoxocephalus verrucosus) exceeded the stocks of cod
fishes, including polar cod and Walleye pollock. One
can also mention another most abundant representa-
tive of the ichthyofauna of the Chukchi Sea, namely,
the Arctic staghorn sculpin Gymnocanthus tricuspis,
which cannot be of interest to fisheries because of its
small size.

As an explanation of the data in Table 2, it should
be noted that Pacific cod, saffron cod, and flatfishes
(Pleuronectidae), which are part of bottom and near-
bottom communities, were not predictably recorded in
catches of midwater trawls in 2003, 2007, and 2008.
Conversely, salmonids (Salmonidae), living mainly in
surface water masses, were not caught in bottom
trawls. At the same time, Walleye pollock, polar cod,
herring, and capelin, which form significant aggrega-
tions in the pelagic zone, were recorded in commercial
quantities even near the bottom under shallow water
conditions of the Chukchi Sea shelf in some years.
This feature is also typical for these species in other
areas of their habitat (Shuntov et al., 1993; Datsky and
JO
Andronov, 2007; Nikolaev et al., 2008; Kuznetsov
et al., 2013; Loboda and Zhigalin, 2017; Velikanov,
2018).

On the whole, it can be said with high probability
that the above-mentioned species of marine fishes are
among the species that form the basis of the ichthyo-
fauna of Russian waters of the Chukchi Sea. In addi-
tion, the known values of the biomass of some of them
(primarily saffron cod Eleginus gracilis, capelin, rain-
bow smelt Osmerus mordax dentex, keta salmon
O. keta, sockeye salmon, and starry f lounder Platich-
thys stellatus) may increase as a result of an increase in
the water area, research period, and amount of fishing
gear. It is also necessary to note that polar cod, saffron
cod, Bering and starry f lounders, herring, capelin,
smelt, and shorthorn sculpin can most likely be con-
sidered permanent inhabitants of the Chukchi Sea. At
the same time, Walleye pollock, Pacific cod, black
halibut, other f lounder species, and Pacific salmons
are temporary dwellers of the Chukchi shelf; their
abundance and biomass in this area largely depend on
abiotic and biotic environmental factors and the inten-
sity of their migration from the Bering Sea. Based on
this assumption, the raw material source for marine
URNAL OF ICHTHYOLOGY  Vol. 62  No. 4  2022
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fishes in this water body, apparently, cannot be con-
sidered stable for potential fishery use, although it can
be very significant and highly demanded for different
types of fishery in some years.

Features of the Biology of Fishes in Russian Waters
of the Chukchi Sea. Cod Family (Gadidae)

Walleye pollock. Information on the occurrence
and biology of Walleye pollock in the Chukchi Sea was
almost completely absent until the early 2000s. Anec-
dotal reports indicated an insignificant amount of
juveniles (mainly young-of-the-year) in the south-
western part of the sea, which entered here with warm
currents through the Bering Strait from the Bering
Sea, where the main spawning grounds and feeding
areas for groups of this species are located (Wolotira
et al., 1977; Shuntov et al., 1993; Stepanenko, 1997;
Gritsai, 2003; Stepanenko and Gritsai, 2016, 2018).
Climate changes in the 2000s–2010s (particularly sig-
nificant in 2017–2019) led to a redistribution of Wall-
eye pollock: its lower abundance than the historical
average values was recorded in the southern areas of
the Bering Sea shelf with a simultaneous increase in
the number of mature individuals in the north of the
sea (Eisner et al., 2020; Baker, 2021). Apparently, the
adaptation of Walleye pollock to changing environ-
mental conditions, coupled with the search for a more
accessible food supply, led to the migration of some
individuals of this species to the shelf of the Chukchi
Sea, as evidenced by our data (Fig. 2).

Thus, Walleye pollock individuals with FL > 40 cm
were recorded in the area of the Chukchi shelf for the
first time in 2003; they were dominated by individuals
with FL 50–60 cm (58.7% of all catches) at the age of
7–10 years (Figs. 2a, 2g). With rare exception, individ-
uals with FL 7–14 cm, slightly dominated by 1-year-
olds, were recorded in trawl catches in 2007–2008
(Figs. 2b, 2c, 2h, 2i). In 2018–2020, mature Walleye
pollock, dominated by individuals with FL 50–65 cm,
appeared again in catches: in different years, their pro-
portion was 52.8–74.4%. Its age was 1–16 years; indi-
viduals at the age of 8–10 years (the 2007–2012 gener-
ation) prevailed (Figs. 2d–2f, 2j–2l). Taking into
account the shallow depths of the study area, the size–
age characteristics of Walleye pollock captured near
the bottom and in the water column were significantly
similar, except a smaller number of juveniles and
extremely large individuals with FL > 65 cm at the age
of 13–15 years in pelagic trawl catches (Figs. 2f, 2l).
The data on the appearance of mature Walleye pollock
within the Chukchi shelf in certain years are quite con-
sistent with the data indicating the alternation of warm
(2002–2005 and 2014–2019) and cold (2006–2013)
years (Andrews et al., 2016; Baker and al., 2020; Dan-
ielson et al., 2020; Yasumiishi et al., 2020; Baker,
2021).

On the whole, individuals with FL 9–14 and 50–65 cm
at the age of 2.8–12 years were dominant in Russian
JOURNAL OF ICHTHYOLOGY  Vol. 62  No. 4  2022
waters of the Chukchi Sea throughout the study
period; their proportion was more than 82% (Fig. 3).
A distinctive feature of the Walleye pollock feeding
here was the almost complete absence of 2–5-year-old
individuals with FL 22–45 cm. At the same time, the
proportion of this species in the northwestern part of
the Bering Sea, adjacent to the Chukchi shelf, was ≥
69% of all catches, while older Walleye pollock, on the
contrary, was recorded in minimum amounts (Figs. 3c,
3f). It should be noted that the averaged size–age fish
composition insignificantly differed in the pelagic
zone and at the bottom within the Chukchi shelf: the
proportion of 1- and 8-year-old individuals was high
only in the second biotope (Figs. 3a–3e). The pollock
distribution in the water column significantly differed
in the adjacent Bering Sea: the pelagic zone was dom-
inated by 2- to 4-year-old individuals with FL 25–40 cm;
the mode was 33–35 cm at the age of 2–4 years. Near
the bottom, Walleye pollock was concentrated more
evenly and the number of individuals with FL 9–18
and 37–43 cm at the age of 2–3 and 5–6 years, respec-
tively, increased here. Apparently, this is explained by
the physical and geographical features of the north-
western part of the Bering Sea, where the vast shallow
Gulf of Anadyr in combination with a significant con-
tinental slope to the south of Cape Navarin create
favorable conditions for the feeding of medium-sized
Walleye pollock.

Taking into account that Walleye pollock appears
in the study area as a result of migrations from the Ber-
ing Sea through the Bering Strait, we compared the
size–age composition of individuals from different
water areas of the northwestern part of the Bering Sea
with materials from the Chukchi Sea (Figs. 1, 4). It was
noted that the size–age composition of Walleye pol-
lock was most similar in the Chukchi waters and cen-
tral part of the Gulf of Anadyr, which is largely deter-
mined by the features of the bottom topography and
pattern of currents in these water areas. In both cases,
there is a relatively gently sloping shallow shelf (Udint-
sev et al., 1959; Moiseev and Grinfeld, 2019) with
favorable feeding conditions for Walleye pollock with
FL > 50 cm at age above 7+, while the warm Navarin
Current contributes to the formation of aggregations
of young-of-the-year and one-year-old individuals
here (Datsky and Andronov, 2007; Kuznetsov et al.,
2013). This current also contributes to the accumula-
tion of euphausiids (Euphasiidae) and copepods
(Copepoda), which are the basic items of the diet of
Walleye pollock juveniles (Shuntov et al., 1993; Orlov
et al., 2019). The occurrence of large-sized individuals
in the central part of the gulf is determined by the pres-
ence of Pacific sand lance Ammodytes hexapterus and
humpy shrimp Pandalus goniurus, available for food
(Zgurovskii and Khen, 1988; Chikilev and Datsky,
2000; Andronov and Datsky, 2019); in Chukchi
waters, their occurrence is explained by the presence
of numerous small sculpin species of the genus Gym-
nocanthus and slender eelblenny Lumpenus fabricii in
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Fig. 2. Size ((a)–(f)) and age ((g)–(l)) composition of Walleye pollock Gadus chalcogrammus in trawl catches from Russian waters
of the Chukchi Sea: (a), (g) August 2003 (M = 57.9 cm, mean age 9.4 years, n = 63 ind.); (b), (h) August 2007 (M = 9.6 cm,
0.6 years, n = 39 ind.); (c), (i) September 2008 (M = 10.8 cm, 0.7 years, n = 32 ind.); (d), (j) September 2018 (M = 39.8 cm,
6.0 years, n = 944 ind.); (e), (k) August 2019 (M = 51.6 cm, 8.1 years, n = 3957 ind.); (f), (L) August–September 2020: (j) and
(h) bottom scientific trawlings (M = 43.4 cm, 6.7 years; n = 5080 ind.), (– ○ –) pelagic commercial trawlings (M = 54.1 cm,
8.5 years, n = 886 ind.).
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addition to the above-mentioned species. On the

whole, the migration of mature Walleye pollock to the

Russian waters of the Chukchi Sea in 2018–2020 was

facilitated by the general warming of air and water

masses and a decrease in the area of sea ice and its

melting period, which are characteristic of the late

2010s (Baker et al., 2020; Danielson and al., 2020;

Carvalho et al., 2021), as well as by a sufficient avail-

able food supply in this part of the sea shelf (Sirenko

and Gagaev, 2007; Slabinskii and Figurkin, 2014;

Grebmeier et al., 2015; Kuznetsova and Gorbatenko,

2021). For instance, according to trawl surveys in 2017

and 2019, large Walleye pollock was also recorded in

the US sector of the sea; however, its abundance was
JO
minimal here (Farley et al., 2017; personal communi-

cation of I.V. Grigorov).

Immature individuals in trawl catches from the

shelf of the Chukchi Sea had FL 7.5–24.0 cm and a

body weight of 1–10 g. Among mature individuals,

females were larger than males; their FL was 25.3–

82.0 cm and weight was 106–4950 g. The number of

males with FL 25.0–76.1 cm and a weight of 97–2506 g

was lower (by two–three times) than that of females

(Table 3). On the whole, the greater size of females

and their predominance among older Walleye pollock

individuals are typical for the species under consider-

ation, which is confirmed by data on its other habitats

(Shuntov et al., 1993; Datsky, 2016). The dependence
URNAL OF ICHTHYOLOGY  Vol. 62  No. 4  2022
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Fig. 3. Size ((a)–(c)) and age ((d)–(f)) composition of Walleye pollock Gadus chalcogrammus in cumulative samples from pelagic
((a), (d)), bottom ((b), (e)), and mixed ((c), (f)) trawl catches from Russian waters in 1996–2020: (j), (h) Chukchi Sea; (–○–)
Bering Sea.
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of the weight (W, g) of Walleye pollock on its length
(FL, cm) in the study area is well described by the

equation W = 0.004FL3.1335 (r = 0.99, n = 606 ind.).
This ratio is closest to the value for the fish from the

central part of the Gulf of Anadyr: W = 0.0031FL3.1802

(r = 0.94, n = 52 ind.).

The growth of Walleye pollock is uneven through-
out its life. According to 2018–2019 data, the greatest
increase in the body length of the fish on the shelf of
the Chukchi Sea was observed in the 2nd and 3rd years
of its life: 8.0 and 3.9 cm per year, respectively. Quite
high rates of linear growth were also recorded in the
8th year of life (3.7–4.8 cm), followed by their
decrease in extremely large individuals with FL > 70 cm
at the age of 13 years or older. The weight gain is max-
imal in 8- and 10–11-year-old individuals: 240–250
and 237–521 g, respectively (Table 4).

On the whole, the results confirm the life strategy
of Walleye pollock for the greatest linear increase in
the first two–three years and further gradual decrease
JOURNAL OF ICHTHYOLOGY  Vol. 62  No. 4  2022
by the age of seven years. This is determined by the

period of sexual maturity, when a significant part of

energy is spent on the maturation of reproductive

products rather than on growth, as in the first three

years of life. At the age of 8–9 years, the range of the

diet of Walleye pollock significantly changes; it begins

to feed mainly on fish objects, which undoubtedly

contributes to an increase in its linear and weight gain.

As pollock reaches the age limit, all the functions of its

body are aimed at maintaining the necessary metabo-

lism (Datsky, 2016); this allows Walleye pollock to

reach FL 91 cm, a weight of 5.2 kg, and the age of 28

years within its range (Eschmeyer et al., 1983; Munk,

2001; Datsky, 2016). It should also be noted that Wall-

eye pollock captured on the shelf of the Chukchi Sea

had a slower rate of growth length than the individuals

from the northwestern part of the Bering Sea at the age

below 13 years (Fig. 5), which probably indicates less

favorable conditions for its habitat on the northern

periphery of its range.
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Fig. 4. Size ((а)–(e)) and age ((f)–(j)) composition of Walleye pollock Gadus chalcogrammus in bottom trawl catches from Rus-
sian waters in 2001 and 2019: (- -), (h) Chukchi Sea (M = 51.6 cm, mean age 8.1 years, n = 3957 ind.); (—), (j) Bering Sea: (a),
(f) Chirikov basin (M = 15.8 cm, 1.3 years, n = 409 ind.); (b), (g) northern (M = 48.4 cm, 8.2 years, n = 4567 ind.); (c), (h) the
central part of the Gulf of Anadyr (M = 23.5 cm, 2.9 years, n = 7912 ind.); (d), (i) the western part of the Gulf of Anadyr (M =
33.7 cm, 4.2 years, n = 14167 ind.); (e), (j) Koryak area (M = 20.3 cm, 1.7 years, n = 51159 ind.).
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There is no information on Walleye pollock repro-

duction in the Chukchi Sea. The closest spawning area

to the studied water area was recorded in the north of

the Gulf of Anadyr (Datsky, 2004). The spawning

period within the Bering Sea is seven months (from

February to September) (Datsky and Andronov,

2007). At the same time, a relatively large proportion

of Walleye pollock individuals with gonads at maturity

stages VI–II indicates their recent spawning. This can

be indirectly confirmed by the presence of its larvae in

the northeastern part of the Chukchi Sea in August–

September (Logerwell et al., 2020), which might result

from their removal to this water area by currents. The
JO
largest number of post-spawned individuals was
recorded in August; their proportion naturally
decreased by September (Table 5); the number of
post-spawned females was higher than that of males.
Post-spawned females actively fed and matured: in
August, up to 18% of females and 48% of males had
gonads at maturity stages I–II; in September, the pro-
portions of these individuals increased to 49 and 71%,
respectively.

Polar cod is a cryopelagic species that constantly
lives and reproduces in Arctic waters, unlike Walleye
pollock (Manteifel, 1943; Borkin et al., 1987; Novikov
et al., 1992; Karamushko, 2020). Climate changes
URNAL OF ICHTHYOLOGY  Vol. 62  No. 4  2022
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Table 4. Length and weight of Walleye pollock Gadus chalcogrammus of different ages in Russian waters of the Chukchi Sea
according to 2018–2019 data

min–max, limits of variation of the parameter, M, average value.

Age, 

years

2018 2019

length (FL), cm weight, g Fish number, 

ind.

length (FL), cm weight, g
n, ind.

min–max М min–max М min–max М min–max М

1 10–11 10.7 6–8 7 7 – – – – 0

2 15–24 18.7 16–88 41 33 – – – – 0

3 18–31 22.6 32–169 78 18 – – – – 0

4 – – – – 0 – – – – 0

5 – – – – 0 – – – – 0

6 – – – – 0 47–49 48.0 625–715 670 2

7 53–54 53.4 1036–1220 1128 2 48–54 50.8 692–1170 939 21

8 51–58 54.7 886–1550 1215 6 47–58 53.7 695–1380 1068 49

9 55–66 59.5 1074–2026 1467 20 51–62 57.4 915–210 1310 75

10 55–65 60.1 948–1920 1461 19 52–66 59.9 1085–2060 1513 87

11 60–74 63.9 1311–3030 1982 8 55–70 63.4 120–2450 1750 74

12 62–69 66.0 1950–2613 2311 4 59–72 66.4 1440–2930 1984 28

13 – – – – 0 65–78 70.2 1510–2835 2155 12

14 – – – – 0 67–80 71.9 1730–3295 2339 9

15 – – – – 0 – 74.0 – 2135 1
towards warming led to a significant reduction in the

range of this species, as well as to a general decrease in

commercial fish biomass, in the northern part of the

Bering Sea and in the Chukchi Sea in the late 2010s

(Savin, 2021; Baker, 2021) (Table 1); however, polar

cod is still one of the mass species among the fish com-

munities on the Chukchi shelf.
JO

Fig. 5. Linear growth of Walleye pollock Gadus chalcogrammus f
the Bering Sea in 1995–2019: (- -) Chukchi Sea (FL = 11.199t0.7

r = 0.96, n = 1783 ind.).
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Individuals with FL 3–29 cm at ages 0+ to 6+ were

recorded in Russian waters of the Chukchi Sea. At the

same time, catches of polar cod during the period of its

high abundance in 1995, 1997, and 2003 were repre-

sented mainly (about 88.4–92.5%) by 2–3-year-old

individuals with FL 11–19 cm (Figs. 6a–6c). The

abundance of these individuals then decreased to
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rom Russian waters of the Chukchi Sea and northwestern part of
322, r = 0.98, n = 478 ind.), (—) Bering Sea (FL = 17.812t0.5447,
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Table 5. Distribution of Walleye pollock Gadus chalcogrammus by gonad maturity stages in Russian waters of the Chukchi
Sea in August–September, %

Month, year Sex
Gonad maturity stage

n, ind.
II III IV V VI–II

August, 2007 Females 100 0 0 0 0 1

Males 0 0 0 0 0 0

September, 

2008

Females 0 100 0 0 0 1

Males 0 0 0 0 0 0

September, 

2010

Females 0 100 0 0 0 1

Males 0 0 0 0 0 0

September, 

2018

Females 2.4 48.8 0 1.2 47.6 82

Males 14.3 71.4 5.7 0 8.6 35

August, 2019 Females 3.4 17.5 2.4 1.8 74.9 291

Males 5.0 33.0 1.0 0 61.0 10

August, 2020 Females 1.1 12.7 0.9 0.7 84.6 558

Males 1.4 47.7 0 0.4 50.5 279
74.1–78.0%; a large number of young-of-the-year
with FL 4–7 cm were recorded in the pelagic zone
(Figs. 6d–6i), which is also generally typical of the
northeastern part of the sea (De Robertis et al., 2017).
The total size range of polar cod was characterized by
the presence of two maxima: fish with FLs 5–7 and 9–
15 cm. As a result, comparison of the summarized data
for a number of years revealed a greater size of individ-
uals recorded near the bottom (Fig. 7). This is also
confirmed by earlier studies of polar cod in the Chuk-
chi Sea (Nikolaev et al., 2008; Helser et al., 2017;
Savin, 2021).

In comparative terms, polar cod from the Chukchi
Sea is smaller than that living in the northwestern part
of the Bering Sea. In addition to the above-mentioned
size groups, large-sized individuals with FL 17–21 cm,
represented mainly by 4-year-olds, were found among
the individuals from the northwestern part of the Ber-
ing Sea, with the greatest differences being recorded
between individuals captured in the pelagic zone (Fig. 7).
According to other studies, polar cod with the maxi-
mum FL of 32 cm was encountered in the central part
of the Gulf of Anadyr of the Bering Sea; 20, 28, 31, 40,
and 40 cm (Shleinik, 1979; Coad and Reist, 2004;
Antonov et al., 2016; Glebov et al., 2016; Gorbatenko
and Kiyashko, 2019) in the East Siberian, Laptev,
Kara, Beaufort, and Barents seas, respectively (Savin,
2021). In the latter case, it was a fish weighing 430 g at
the age of 10 years (Shleinik, 1979).

It is believed (Bondarev, 1970) that polar cod forms
a single Chukchi–Bering-Sea group and feeding
migrations of predominantly older individuals from
the Chukchi Sea to the Bering Sea can be observed
under the condition of its high abundance (as a rule, in
cold years) (Fadeev, 1986; Nikolaev et al.., 2008).
JOURNAL OF ICHTHYOLOGY  Vol. 62  No. 4  2022
Indeed, polar cod is somewhat larger in the waters of
the northwestern part of the Bering Sea than on the
Chukchi shelf, in particular, in the southwestern part
of the Gulf of Anadyr and off the Koryak coast (Fig. 8).
At the same time, small-sized individuals with FL 5–
10 cm were also recorded in significant numbers in the
northern part of the gulf (Fig. 8b). Taking into account
that the polar cod biomass has significantly decreased
and its aggregations have almost completely disap-
peared in the area of the Bering Strait since 2007
(Nikolaev et al., 2008; Orlov et al., 2019), it can be
assumed that a relatively independent group of the
species lives in winter cold waters in the northern part
of the Gulf of Anadyr. In years with high abundance,
it can be recruited by spawners from the Chukchi Sea
and it spawns in the Kresta Bay in the northwestern
part of the Bering Sea. The confinement of polar cod
aggregations to this water area was also noted accord-
ing to distribution maps in different study years
(Datsky and Andronov, 2007). The scale of migrations
to this area is more dependent on the yield of separate
generations and total abundance of the species.

The size of immature individuals in trawl catches
on the shelf of the Chukchi Sea was 3.4–12.9 cm at a
body weight of 1 to 11 g. Females were larger than
males during all observation years, reaching the maxi-
mum length and weight of 28.2 cm and 149 g (Table 6).
This feature is typical for the species within its range:
all the individuals with the maximum size and age (7–
8 years) were represented exclusively by females (Bor-
kin et al., 1987; Karamushko, 2020). Another pattern
was that the size–weight values of the body were
higher for polar cod from bottom catches than for the
individuals from pelagic aggregations. This was
observed during almost all observation years both in
mixed catches and separately in females and males.



572 DATSKY et al.

Fig. 6. Size composition of polar cod Boreogadus saida in trawl catches from Russian waters of the Chukchi Sea: (a) August 1995
(M = 15.9 cm, n = 816 ind.), (b) August–September 1997 (M = 14.9 cm, n = 958 ind.), (c) August 2003 (M = 11.8 cm, n = 2261 ind.),
(d) August 2007 (M = 8.7 cm, n = 4589 ind.), (e) September 2008. (M = 6.7 cm, n = 1734 ind.), (f) September 2010 (M = 11.4 cm, n =
3910 ind.), (g) September 2018 (M = 11.7 cm, n = 3943 ind.), (h) August 2019 (M = 13.3 cm, n = 436 ind.); (i) August–September
2020: (j) bottom scientific trawlings (M = 11.8 cm, n = 3264 ind.), (–○–) pelagic commercial trawlings (M = 11.1 cm, n = 41 ind.).
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The length–weight dependence for polar cod within

the Chukchi shelf is as follows: W = 0.0056FL3.0774 (r =

0.98, n = 3052 ind.).

Polar cod grows slowly compared to other repre-

sentatives of the cod family; it reaches FL 18–20 cm at

the age of 5 years and 25–27 cm at the age of 7 years

(Benko and Ponomarenko, 1972). A high rate of linear
JO
growth was recorded in younger age groups from the

Chukchi and Bering seas, which decreases during the

onset of sexual maturity in the 3rd year of life (Cher-

kasova, 1976). The slower growth of polar cod at age

above 2–3 years is also recorded for the Beaufort Sea

(Craig et al., 1982) and Allen Bay in the Canadian

Arctic (Matley et al., 2013). A progressive decrease in

the annual absolute increase in length after reaching
URNAL OF ICHTHYOLOGY  Vol. 62  No. 4  2022
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Fig. 7. Size composition of polar cod Boreogadus saida in cumulative samples from pelagic (a), bottom (b), and mixed (c) trawl
catches from Russian waters of the Chukchi (j) and Bering (h) seas in 1996–2020.

0

6

12

18

24

0 5 10 15 20 3025

0

16

12

18

24

0

16

12

18

24

Length (FL), сm

F
is

h
 p

ro
p

o
rt

io
n

, 
%

(а)

(b)

(c)
sexual maturity was also recorded for polar cod from
the Barents Sea (Shleinik, 1979).

Unlike the linear growth, the absolute growth in
the body weight of polar cod consistently increases
with age, reaching the maximum value after the onset
of its sexual maturity, which is undoubtedly an
important condition for the production of the maxi-
mum amount of reproductive products and an
increase in population fecundity. For instance, in the
Laptev Sea, the increase in the relative rate of weight
growth was particularly significant for individuals with
FL 20–23 cm at the age of 5–6 years: from 7 to 16 g per
year (Karamushko, 2020). Within the Russian waters
of the Chukchi shelf, the greatest weight increase was
observed in individuals with FL 19–24 cm (when their
weight increased by 9–11 g per 1 cm of their body
length).
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Polar cod is a fast maturing fish; it reaches sexual

maturity at the age of 2–3 years at FL ~13 cm

(Moskalenko, 1964; Borkin et al., 1987). Individuals

that live in the southeastern coastal part of the Barents

Sea and in the Kara and Laptev seas mature at the age

of 2 years at FL 8–14 cm (Moskalenko, 1964; Kara-

mushko, 2020). In the Chukchi Sea, the seasonal mat-

uration of gonads in August–September is observed in

both sexes starting from the size class of 8–9 cm and

reaches 50% of maturation in males with FL 16 cm and

in females with FL 19 cm or more (Savin, 2021). As in

all cod fishes, there are more males among small-sized

individuals and females with a greater size than that of

males begin to prevail with age. The number of females

in aggregations is also higher than that of males: the

sex ratio is 1.1–1.3 : 1.0 (Table 6).
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Fig. 8. Size composition of polar cod Boreogadus saida in bottom trawl catches from Russian waters in 2001 and 2019: (- -) Chuk-
chi Sea (M = 13.3 cm, n = 4360 ind.); (—) Bering Sea: (a) Chirikov basin (M = 16.9 cm, n = 242 ind.); (b)–(d) the northern (M =
15.9 cm, n = 1097 ind.), central (M = 18.2 cm, n = 224 ind.), and western (M = 17.6 cm, n = 30 ind.) parts of the Gulf of Anadyr,
respectively; (e) Koryak area (M = 19.3 cm, n = 161 ind.). 
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In the Chukchi and Beaufort seas, polar cod
spawns for the first time at FL ~12.5 cm at the age of
3 years (Frost and Lowry, 1983) near the coast, mainly
under ice in January–February (Manteifel, 1943;
Musienko, 1970). The opinion about earlier spawning
of the fish in the Chukchi Sea and northern part of the
Bering Sea (in October–December) was not con-
firmed (Cherkasova, 1976; Savin, 2021). According to
our data, polar cod spawners in August were charac-
terized by the presence of gonads predominantly at
maturity stage II and their mass maturity (more than
JO
50% of the studied individuals) (stage III) started only

in September. There were more males among these

individuals (Table 7), which only confirms their earlier

readiness for breeding: in polar cod in particular and in

cod fishes in general.

There is no information on the reproduction of this

species in the Russian part of the Chukchi Sea; how-

ever, polar cod larvae were recorded in the northeast-

ern part of the sea in August–September (Logerwell

et al., 2020). In the Bering Sea, the spawning sites of
URNAL OF ICHTHYOLOGY  Vol. 62  No. 4  2022



JOURNAL OF ICHTHYOLOGY  Vol. 62  No. 4  2022

FEATURES OF THE BIOLOGY OF MASS FISH SPECIES 575

Ta
bl

e 
6.

L
e
n

g
th

, 
w

e
ig

h
t,

 a
n

d
 s

e
x

 r
a
ti

o
 o

f 
p

o
la

r 
c
o

d
 B

or
eo

ga
du

s s
ai

da
 i

n
 R

u
ss

ia
n

 w
a
te

rs
 o

f 
th

e
 C

h
u

k
c
h

i 
S

e
a

S
tu

d
y

 p
e
ri

o
d

n,
 i

n
d

.

L
e
n

g
th

 (
FL

),
 c

m
W

e
ig

h
t,

 g

F
e
m

a
le

/
m

a
le

 

ra
ti

o
im

m
a
tu

re

m
a
tu

re

im
m

a
tu

re

m
a

tu
re

fe
m

a
le

s
m

a
le

s
b

o
th

 s
e
x
e
s

fe
m

a
le

s
m

a
le

s
b

o
th

 s
e
x
e
s

A
u

g
u

st
 1

9
9

5
5

0
–

–
–

–
–

1
.0

 :
 1

.1

A
u

g
u

st
–

S
e
p

te
m

b
e
r 

1
9

9
7

9
3

2
–

–
–

–
1
.1

 :
 1

.0

A
u

g
u

st
 2

0
0

3
6

2
7

1
.1

 :
 1

.0

A
u

g
u

st
 2

0
0

7
8

3
5

1
.3

 :
 1

.0

S
e
p

te
m

b
e
r 

2
0

0
8

13
6

1
.1

 :
 1

.0

S
e
p

te
m

b
e
r 

2
0
1
0

5
0

1
.3

 :
 1

.0

A
u

g
u

st
–

S
e
p

te
m

b
e
r 

2
0
1
8

1
0
17

1
.3

 :
 1

.0

A
u

g
u

st
 2

0
1
9

3
9

2
1
.3

 :
 1

.0

A
u

g
u

st
–

S
e
p

te
m

b
e
r 

2
0

2
0

7
9

3
1
.2

 :
 1

.0

1
2

.0
–

2
0

.0

1
6

.5

1
2

.0
–

1
9

.0

1
6

.4

1
2

.0
–

2
0

.0

1
6

.4

6
.6

–
1

2
.9

9
.8

1
0

.6
–

2
5

.4

1
5

.2

1
0

.5
–

2
5

.9

1
4

.4

1
0

.5
–

2
5

.9

1
4

.6

6
.5

–
1

0
.4

9
.3

1
0

.5
–

2
4

.9

1
4

.7

1
0

.5
–

2
3

.5

1
3

.1

1
0

.5
–

2
4

.9

1
3

.9

1
.0

–
9

.0

5
.5

7
.0

–
1

2
5

.0

2
9

.5

7
.0

–
1

1
2

.0

1
9

.5

7
.0

–
1

2
5

.0

2
4

.7

3
.4

–
1

0
.4

7
.3

1
0

.5
–

2
4

.0

1
5

.1

1
0

.5
–

2
3

.0

1
3

.8

1
0

.5
–

2
4

.0

1
4

.6

1
.0

–
9

.0

2
.9

6
.0

–
1

0
8

.0

3
1

.3

6
.0

–
8

8
.0

2
1

.5

6
.0

–
1

0
8

.0

2
6

.9

7
.5

–
1

0
.2

9
.3

1
0

.5
–

2
0

.0

1
4

.0

1
0

.5
–

2
0

.0

1
3

.2

1
0

.5
–

2
0

.0

1
3

.6

2
.0

–
1

1
.0

5
.5

7
.0

–
6

6
.0

2
4

.8

7
.0

–
7

3
.0

1
9

.7

7
.0

–
7

3
.0

2
2

.4

9
.2

–
1

1
.6

1
0

.8

1
2

.4
–

2
5

.4

1
7

.7

1
1

.7
–

2
1

.0

1
5

.5

1
1

.7
–

2
5

.4

1
6

.8

5
.0

–
1

0
.0

9
.2

1
2

.0
–

2
5

.0

1
7

.7

1
2

.0
–

2
1

.0

1
5

.5

1
2

.0
–

2
5

.0

1
6

.8

6
.9

–
1

1
.2

9
.2

1
0

.5
–

2
5

.9

1
4

.7

1
0

.5
–

2
5

.7

1
3

.8

1
0

.5
–

2
5

.9

1
4

.3

1
.0

–
1

0
.0

4
.9

5
.0

–
1

4
9

.0

2
4

.4

5
.0

–
1

2
0

.0

2
0

.2

5
.0

–
1

4
9

.0

2
2

.6

6
.0

–
1

0
.2

8
.9

1
0

.5
–

2
6

.7

1
6

.2

1
0

.5
–

2
6

.1

1
4

.8

1
0

.5
–

2
6

.7

1
5

.6

1
.0

–
8

.0

4
.5

5
.0

–
1

2
0

.0

3
3

.2

5
.0

–
1

2
5

.0

2
6

.1

5
.0

–
1

2
5

.0

3
0

.1

5
.2

–
1

0
.0

8
.4

1
0

.1
–

2
8

.2

1
6

.1

1
0

.3
–

2
2

.9

1
5

.2

1
0

.1
–

2
8

.2

1
5

.7

1
.0

–
9

.0

4
.7

6
.0

–
1

3
9

.0

3
4

.0

7
.0

–
8

4
.0

2
7

.7

6
.0

–
1

3
9

.0

3
1

.2



576 DATSKY et al.

Table 7. Distribution of polar cod Boreogadus saida by gonad maturity stages in Russian waters of the Chukchi Sea in
August–September, %

Month and year Sex
Gonad maturity stage

n, ind.
II III IV VI–II

August 1995
Females 70.8 29.2 0 0 24

Males 38.5 61.5 0 0 26

August 1997
Females 100 0 0 0 454

Males 99.0 0.5 0.5 0 429

August 2003
Females 99.6 0.4 0 0 256

Males 99.6 0.4 0 0 237

August 2007
Females 99.1 0.9 0 0 227

Males 99.4 0.6 0 0 170

September 2008
Females 35.4 64.6 0 0 48

Males 13.9 86.1 0 0 43

September 2010
Females 94.7 5.3 0 0 19

Males 100 0 0 0 13

September 2018
Females 45.2 54.2 0.4 0.2 484

Males 43.9 54.5 0.8 0.8 364

August 2019
Females 86.4 0.9 0 12.7 212

Males 73.5 21.1 0 5.4 166

August 2020
Females 63.4 36.6 0 0 396

Males 43.3 56.7 0 0 334
the species are mainly in the northern part of the Gulf
of Anadyr, in the Kresta Bay, and near the Bering
Strait (Bondarev, 1970). Larvae and juveniles (with FL
8–19 and 20–40 mm, respectively) are also concen-
trated here above the depths of 37–63 m at tempera-
tures from –1.9 to 0.4°C (Bulatov, 1986).

Saffron cod has a relatively small body size among
the cod fishes in the Far Eastern seas and adjacent
water areas and occupies the intermediate position
between the small polar cod and larger Walleye pol-
lock and Pacific cod. The maximum length, weight,
and age of this species generally do not exceed 57 cm,
1.3 kg, and 15 years, respectively (Datsky and
Andronov, 2007). Off the Arctic coast of Canada, saf-
fron cod reaches FL 63 cm (Coad and Reist, 2004).
The maximum size was recorded for individuals from
waters off the western coast of Kamchatka and in the
northwestern part of the Bering Sea, while the FL of
saffron cod in the Chukchi Sea did not exceed 37 cm,
its weight was not more than 420 g, and age not more
than 15 years (Semenenko, 1965).

Indeed, saffron cod in trawl catches from the
Chukchi shelf was represented mainly by young-of-
the-year and 1-year-old individuals with FL 5–16 cm
(Fig. 9). According to the data of 2020, young-of-the-
year with FL 5–9 cm preferred the water column,
while 1-year-old individuals with a larger body size
were concentrated near the bottom. In this year, indi-
viduals with FL 16–25 cm were recorded in catches for
JO
the first time; however, their occurrence was sporadic
(Fig. 9d).

The difference is even greater in the size between
saffron cod from the southwestern part of the Chukchi
Sea and saffron cod from the northwestern part of the
Bering Sea (Fig. 10). In addition to the low abundance
of this species, bottom trawl catches from the Chukchi
shelf contained almost exclusively juveniles with FL
5–19 cm at ages 0+ to 2+ (99.7%), the proportion of
which was insignificant in the more southern water
area (10.8%) and which was dominated by individuals
with FL 29–39 cm (69.8%) at the age of 4–6 years
(Datsky, 2016). At the same time, according to 2012
data, bottom and midwater trawl catches from the
southeastern part of the Chukchi Sea contained saf-
fron cod individuals with FL 3–34 cm at ages 0+ to 7+
(with a high occurrence (up to 50% near the bottom)
of individuals with FL > 19) (Helser et al., 2017).

The size composition of saffron cod significantly
changed in the northern direction (Fig. 11). Whereas
fish aggregations in the Olyutor–Navarin area were
formed mainly from individuals with FL 30–44 cm
(about 87% of all catches) and the abundance of juve-
niles and individuals maturing for the first time was
low, there were almost no individuals with FL > 30 cm
in the western part of the Gulf of Anadyr, while indi-
viduals with FL 18–25 cm were dominant here
(93.3%). In the north of the gulf, saffron cod had an
even lower body size and young-of-the-year with FL
URNAL OF ICHTHYOLOGY  Vol. 62  No. 4  2022
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Fig. 9. Size composition of saffron cod Eleginus gracilis in trawl catches from Russian waters of the Chukchi Sea: (a) September
2008 (M = 7.7 cm, n = 74 ind.), (b) September 2018 (M = 9.4 cm, n = 43 ind.), (c) August 2019 (M = 10.3 cm, n = 3 ind.);
(d) August–September 2020: (j) bottom scientific trawlings (M = 12.7 cm, n = 157 ind.); (–○–) pelagic commercial trawlings
(M = 7.2 cm, n = 51 ind.).
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Fig. 10. Size composition of saffron cod Eleginus gracilis in bottom trawl catches from Russian waters in 1996–2020: (j) Chukchi
Sea (M = 12.0 cm, n = 203 ind.), (h) Bering Sea (M = 31.3 cm, n = 4179 ind.).
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5–7 cm were absolutely dominant here (>66%); the
occurrence of other size groups was insignificant in
the catches. The occurrence of juveniles in this area
can be explained by the close proximity of the Kresta
Bay, the bottom topography, banks, and hydrological
regime of which are probably favorable for the repro-
duction of saffron cod and further habitation of its
young-of-the-year. It is quite possible that some of
young-of-the-year will be carried by currents from the
northern part of the Gulf of Anadyr to the area of the
JOURNAL OF ICHTHYOLOGY  Vol. 62  No. 4  2022
Chirikov basin and some of them to the Chukchi Sea

in the future. On the whole, the trend towards a

decrease in the size of saffron cod in catches towards

the north is also confirmed by data from the eastern

parts of the Bering and Chukchi seas (De Robertis

et al., 2017).

Taking into account that juveniles prefer shallow

water areas and the proportion of large individuals

increases with depth (Datsky, 2016), it can be assumed
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Fig. 11. Size composition of saffron cod Eleginus gracilis in bottom trawl catches from Russian waters in 2001 and 2018–2020:
(- -) Chukchi Sea (M = 12.0 cm, n = 203 ind.); (—) Bering Sea: (a) and (b) the northern (M = 10.8 cm, n = 213 ind.) and western
(M = 22.1 cm, n = 208 ind.) parts of the Gulf of Anadyr, respectively; (c) Koryak area (M = 35.3 cm, n = 3413 ind.).
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that the Chukchi shelf within Russian waters is a feed-

ing area mainly for immature fish. For adult represen-

tatives of the species, there are probably insufficient

shallow bays and gulfs that would be favorable for

spawning (except the Neshkanskaya Lagoon and

Kolyuchin bay, at the output of which small aggrega-

tions of saffron cod were recorded); harsh environ-

mental conditions in the study area are also an import-

ant limiting factor.

The greatest linear growth of saffron cod was

recorded in the first four years of its life, followed by

an annual increase in its body length at the rate of not

more than 2–3 cm. Its weight significantly increases at

the age of 5–8 years; its further growth is insignificant

(Datsky, 2016). Saffron cod grows more slowly in the

Chukchi Sea than in the northern part of the Bering

Sea, especially at a younger age (up to age 3+). Its

average FL value in the eastern part of the Chukchi

shelf at ages 0+, 1+, 2+, 3+, and 4+ does not exceed

5–7, 13, 20, 24, and 28 cm, respectively, while it is not

more than 9, 17, 23, 25, and 28 cm in the north of the

Bering Sea within American waters (Helser et al.,

2017). An even higher rate of linear growth was

recorded for saffron cod from the Olyutor–Navarin

area in the Bering Sea: at ages 3+ and 4+, it reaches

FL 33 and 38 cm, respectively (Datsky, 2016).
JO
The Far Eastern saffron cod reaches sexual maturity
at the end of the second year of its life at FL 18–26 cm.
The latest sexual maturation in the Chukchi Sea was
recorded for individuals from the Neshkanskaya
Lagoon with a low growth rate: mostly in the 4th–5th
year of life after reaching FL > 21 cm (Safronov, 1986).
The gonads of saffron cod mature from August to win-
ter; males prepare for the reproduction process more
rapidly than females (Datsky, 2016). In our case, all
the studied individuals had gonads at maturity stage II
in August–September; the number of females was
higher than that of males and their body size was larger
(Table 8). The length–weight dependence for saffron

cod is described by the equation: W = 0.0019FL3.5346

(r = 0.98, n = 15 ind.).

In December–February, saffron cod spawns at
negative water temperatures: –1.0 to –1.9°C (Bulatov,
1986; Safronov, 1986). The number of spawning indi-
viduals in the bays and gulfs of the Chukchi Peninsula
within the Bering Sea waters was maximal in early
December. Single captures of larvae of this species
were recorded in the eastern part of the Chukchi Sea
(Logerwell et al., 2020).

Pacific cod is a commercial fish species that reaches
FL 120 cm, a weight of 22.7 kg, and an age of 25 years
within its range (Morrow, 1980; Lamb and Edgell,
1986; Munk, 2001) and occurs in fishery catches from
URNAL OF ICHTHYOLOGY  Vol. 62  No. 4  2022
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Table 8. Length, weight, and sex ratio of saffron cod Eleginus gracilis in Russian waters of the Chukchi Sea

Study period
n, 

ind.

Length (FL), cm Weight, g

Female/male 

ratioimmature
mature

immature
mature

females males both sexes females males both sexes

September 

2008
3 – – – – – – –

August–Sep-

tember 2018
12 – – – – – – –

August–Sep-

tember 2020
29 1.6 : 1.0

11.0–13.0

11.7

10.0–20.0

13.3

7.3–14.3

9.1

2.0–20.0

5.5

10.8–13.6

12.5

11.0–24.5

14.6

12.2–16.4

14.2

11.0–24.5

14.2

9.0–19.0

15.3

9.0–103.0

24.7

15.0–32.0

19.6

9.0–103.0

22.7
Russian waters mainly with FL 30–60 cm at the age of
3–6 years (Bogdanov, 2006). It forms aggregations in
shallow areas of the Bering Sea shelf, including bays
and gulfs; as a rule, these aggregations consist of juve-
niles and individuals maturing for the first time with
FL < 40 cm and, to a lesser extent, middle-aged and
older individuals preferring depths over 10 m) (Datsky
and Andronov, 2007). Probably for this reason, the
features of the Chukchi shelf (vast bottom areas with
shallow depths, a weak indentation of the coastline,
and severe oceanological conditions) do not contrib-
ute to the formation of aggregations of mature cod in
this area.

As with saffron cod, Pacific cod recorded in the
study area at the bottom and in the pelagic zone is
mainly immature, with FL 10–17 and 5–9 cm at ages
0+ to 1+, respectively (Fig. 12). The appearance of a
small number of juveniles is apparently facilitated by
warm currents through the Bering Strait from the Ber-
ing Sea, from which they are carried to the shelf of the
Chukchi Sea. At the same time, unlike Walleye pol-
lock, the general warming in recent years has had little
effect on the scale of migration of mature Pacific cod
to the periphery of the range, although its main aggre-
gations in the Bering Sea also shifted north of its com-
mon range (Stevenson and Lauth, 2019; Baker, 2021).
Whereas Pacific cod was absent in trawl catches from
the Chukchi shelf in the early 2000s both according to
our data and according to the materials of other
researchers (Mecklenburg et al., 2016), juveniles with
FL 10–18 cm that appeared here in 2018–2020 were
accompanied by only a few individuals with FL 55–78 cm
(Table 2, Fig. 12). This can be observed even more
clearly if we compare the size ranges of individuals from
the shelves of the Chukchi and Bering seas (Fig. 13). It is
clearly seen that there are Pacific cod individuals of all
sizes in the Bering Sea, which indicates more favorable
living conditions for this species here, unlike the study
area. The greatest concentrations of these fish groups
were recorded along the Koryak coast and in the west-
ern part of the Gulf of Anadyr; a decrease in the abun-
dance of medium-sized Pacific cod in catches with
increase in the proportion of immature individuals was
JOURNAL OF ICHTHYOLOGY  Vol. 62  No. 4  2022
recorded in the northeastern direction (Fig. 14). In
addition to juveniles, individuals with the maximum
size generally migrate to the Chukchi shelf, mostly
from the adjacent bays of the Chukchi Peninsula,
where they probably lead a sedentary bottom lifestyle,
which is generally typical of cod and pollock (Shuntov
et al., 1993).). In this case, it can be assumed that sig-
nificant migrations of biomass of older Walleye pol-
lock to the study area in 2018–2020 hinder the feeding
of Pacific cod in this area, which is limited not so
much by the interannual variability in the temperature
of bottom water masses as by the availability of food
supply (Baker, 2021). At the same time, the composi-
tions of food for Walleye pollock and Pacific cod with
FL > 50 cm are quite similar in the northwestern part
of the Bering Sea: in addition to decapods (Decapoda)
and bivalve mollusks (Bivalvia) (only in Pacific cod),
their main food items include fish objects, such as
polar cod, capelin, Pacific sand lance Ammodytes
hexapterus, and Walleye pollock juveniles (Datsky and
Andronov, 2007).

Among the few cod representatives, immature
individuals had FL 6–18 cm at a weight of 1–48 g
(e.g., fish with FL 14 and 18 cm at age 1+ had a weight
of 22 and 48 g, respectively). According to 2018–2019
data, older individuals were represented by females
with FL 75 and 77 cm and a weight of 5305 and 5318 g
and males with FL 55, 71, and 78 cm with a weight of
270, 4790, and 4110 g, respectively. All of them were in
the 7th year of life except the individual with FL 55 cm.
The sex ratio was approximately equal. The size–weight
dependence of Alaska cod within the Chukchi shelf is as

follows: W = 0.0053FL3.1915 (r = 0.99, n = 23 ind.).

Cod females reach sexual maturity for the first time
at FL 55–85 cm and males at FL 48–80 cm at the age
of 3–8 and 4–9 years, respectively (Kim Sen Tok,
1998; Fadeev, 2005). Mass sexual maturation of the
fish (≥50% of individuals) is observed at average FL 70 cm
at the age of 6 years (Fadeev, 2005). In the Bering Sea,
mass Pacific cod maturation in the closest water area
to the study zone is recorded for individuals at the age
of 5–7 years when the FL of females and males is 60–
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Fig. 12. Size composition of Pacific cod Gadus macrocephalus in trawl catches from Russian waters of the Chukchi Sea: (a) August
2007 (M = 6.6 cm, n = 23 ind.), (b) September 2018 (M = 24.4 cm, n = 31 ind.), (c) August 2019 (M = 24.0 cm, n = 16 ind.);
(d) August–September 2020: (j) bottom scientific trawlings (M = 13.1 cm, n = 6 ind.), (–○–) pelagic commercial trawlings (M =
7.0 cm, n = 2 ind.).

0

25

50

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

0

25

50
0

25

50

0

25

50

Length (FL), сm

(а)

(b)

(c)

(d)

F
is

h
 p

ro
p

o
rt

io
n

, 
%

Fig. 13. Size composition of Pacific cod Gadus macrocephalus in bottom trawl catches from Russian waters in 2001–2020: (j)
Chukchi Sea (M = 20.0 cm, n = 53 individuals), (h) Bering Sea (M = 44.6 cm, n = 593 ind.).
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65 and 55–65 cm, respectively (Vershinin, 1987;
Witherell, 2000; Vinnikov et al., 2013).

The spawning of Pacific cod and further develop-
ment of its eggs and larvae within its range cover the
period from January to May, usually during ice forma-
tion (Moiseev, 1953). In the north of the Bering Sea,
the spawning period shifts to spring (from March to
May); however, it may be completed even in the sum-
mer period when the year is cold with respect to
hydrological conditions (Datsky, 2016). Apparently,
JO
this is also true for the Chukchi shelf, where most of
the Pacific cod females and males had gonads indicat-
ing the recent end of the spawning period (maturity
stages VI–II). In single individuals (females), the
reproductive products were at the stage of maturity
onset.

The spawning sites of Pacific cod in the Chukchi
Sea have not yet been found; however, taking into
account the absence of a great number of spawners in
this water area, it can be assumed that the species
URNAL OF ICHTHYOLOGY  Vol. 62  No. 4  2022
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Fig. 14. Size composition of Pacific cod Gadus macrocephalus in bottom trawl catches from Russian waters in 2001, 2018, and
2019: (- -) Chukchi Sea (M = 23.0 cm, n = 53 ind.); (—) Bering Sea: (a)–(c) the northern (M = 48.9 cm, n = 58 ind.), central
(M = 49.3 cm, n = 12 ind.), and western (M = 41.9 cm, n = 93 ind.) parts of the Gulf of Anadyr; (d) Koryak area (M = 44.3 cm,
n = 431 ind.).
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spawns in small quantities only in the bays and gulfs of
the Chukchi Peninsula south of the Bering Strait
(St. Lawrence, Mechigmen, Tkachen, Pengingei, and
Abolishev bays). The absence (or insignificant areas)
of spawning sites in the Chukchi Sea and adjacent
water areas is also confirmed by studies in the eastern
part of the sea, when Pacific cod was not found in

numerous collections of eggs, larvae, and young-of-
the-year among fish species from 11 families, includ-
ing cods (Logerwell et al., 2020). In the Bering Sea,
the main spawning grounds of Pacific cod are outside
the coastal waters at depths of 10–250 m; the tempera-
ture in its spawning sites is 0–3°C. In June, Pacific
Cod larvae occur at depths of 160–130 m at a water
temperature of 1.7–2.2°C. The quantitative indicators

are low: the maximum density of larvae is 6 ind./m2 in

the Navarin area and 5 ind./m2 in the eastern part of
the sea. In June, the size of larvae varies from 10.0 to
15.6 mm (Bulatov, 1986).
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