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The structure of ichthyoplankton complex and features of early fish ontogeny were analyzed
in the coastal area off the Eastern Sakhalin. The study area is characterized by strong variations of tem-
perature and salinity in May—July. Minimum temperature (+0.4 °C) was registered at a depth of 20 m
in May, and maximum one (+15.7 °C) was recorded at a depth of 3 m in September. During the entire
study period, salinity varied from 3.5 PSU in littoral zone close to the Dudinka River mouth to 31 PSU
at a depth of 13-20 m. Eggs and larvae of 17 fish species from 5 families, typical for the Eastern
Sakhalin, were identified in ichthyoplankton. Pleuronectidae species prevailed in taxonomic list with
ratio of 71%. Gadus chalcogrammus eggs and larvae (71% of total value) prevailed in the second
decade of May; Clupea pallasii bottom eggs (70%), in the third decade of May; and Pleuronecti-
dae eggs and larvae (91-100%), in June—September. Mean ichthyoplankton abundance decreased
from 52 ind.-m™ in littoral zone to 21-22 ind.-m™ above depths of 5-10 m and 13 ind.-m™ above
20 m. The proportion of dead G. chalcogrammus eggs and Pleuronectidae eggs did not exceed the val-
ues obtained for the Northeastern Sakhalin and was lower than in Aniva Bay. In May, the propor-
tion of G. chalcogrammus and Hippoglossoides robustus prelarvae with pathologies increased. It could
be caused by the development of eggs at late stages in adverse conditions. Maximum species diver-
sity was observed in June. Seventy-seven percent of cumulative abundance was composed by eggs
of four species, G. chalcogrammus, H. robustus, Myzopsetta punctatissima, and Limanda aspera.
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Southeastern Sakhalin waters are inhabited by more than 100 fish species [Dyldin et al.,
2021], and out of them, 79 are found in trawl catches. In terms of the number of species (16)
and biomass (up to 47-60% of the total value), righteye flounders Pleuronectidae Rafinesque, 1815
prevail. Codfishes Gadidae Rafinesque, 1810 and sculpins Cottidae Bonaparte, 1831 have a high
biomass as well (up to 32-44% and 6-11%, respectively). The abundance of species with a long
life cycle — the Alaska pollock Gadus chalcogrammus Pallas, 1814, the Bering flounder Hippoglos-
soides robustus Gill & Townsend, 1897, the yellowfin sole Limanda aspera (Pallas, 1814), the Sakhalin
sole Limanda sakhalinensis Hubbs, 1915, and the starry flounder Platichthys stellatus (Pallas, 1787),
as well as sculpins of the genus Myoxocephalus Tilesius, 1811 — can remain relatively stable
for a long time [Shuntov, Temnykh, 2018; Shuntov et al., 1993]. The abundance of species with
a shorter cycle — the Pacific herring Clupea pallasii Valenciennes, 1847, the Far Eastern capelin
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Mallotus villosus (Miiller, 1776), the saffron cod Eleginus gracilis (Tilesius, 1810), and the Japanese
anchovy Engraulis japonicus Temminck & Schlegel, 1846 (a migrant fish) — experiences significant
fluctuations [Davydova, 1994; Velikanov, 2006].

In the Southeastern Sakhalin coastal areas, ichthyoplankton is formed both by eggs and lar-
vae of marine fish species occurring in shallow waters because of drift and by resident species re-
producing off the coast. For many years, off the eastern coast of Sakhalin, only research vessel
studies of ichthyoplankton were carried out during the hydrological spring (May—June); these in-
vestigations were aimed at assessing the stocks of G. chalcogrammus and less often H. robustus.
Off the southeastern coast of Sakhalin Island, the largest spawning grounds for these species are located
in the Terpeniya Bay. The main egg aggregations are formed both in the central bay above isobaths
of 60—70 m [Shuntov et al., 1993; Tarasyuk, Pushnikov, 1982; Zverkova, 2003] and north of N48°
off the western coast [Moukhametov, Chastikov, 2013]. G. chalcogrammus and H. robustus spawning co-
incides in time and space [Moukhametov, Chastikov, 2015; Mukhametov, Mukhametova, 2017]. Drift
of eggs and larvae of these two species has a similar direction, and increases in their concentrations
in coastal areas usually occur simultaneously [Mukhametova, 2020a, b].

During the warm period of the year, the role of shallow waters in fish reproduction increases.
The coastal area of Southeastern Sakhalin becomes a spot for formation of spawning aggrega-
tions of many Pleuronectidae, Cl. pallasii, M. villosus, and the Japanese smelt Hypomesus japoni-
cus (Brevoort, 1856) [Kim Sen Tok, 2011]. The mean abundance of ichthyoplankton can be high,
300—400 ind.-m™ and more [Moukhametova, Moukhametov, 2013]. In the area of the southeastern
coast between N46° and N48°, eggs and larvae of 37 species from 14 families were identified in ichthyo-
plankton. Due to a rise in the diversity and abundance of fish in the Terpeniya Bay [Kim Sen Tok, 2002],
there was an increase in species diversity and abundance of fish from south to north, mainly due to rep-
resentatives of Pleuronectidae. Similar changes were noted in ichthyoplankton. The total concentrations
of ichthyoplankton and the proportion of Pleuronectidae rose in a northerly direction. With a gener-
ally high abundance of eggs of the longsnout flounder Myzopsetta punctatissima (Steindachner, 1879)
south of N47°, the predominant forms also included eggs and larvae of Pl stellatus and E. japonicus.
The maximum abundance of ichthyoplankton was recorded in August. North of N47°, eggs and larvae
of G. chalcogrammus, H. robustus, Cl. pallasii, and L. aspera dominated. This area, in comparison with
the southern one, was characterized by the fact that the peak abundance of ichthyoplankton was shifted
to May—June [Mukhametova, 2014, 2020a, b].

Despite the high significance of shallow areas of the Southeastern Sakhalin in the reproduction
of coastal and marine fish, data on the development of their eggs and larvae are scarce. The aim of this
work is to describe ichthyoplankton in a coastal area off the eastern Sakhalin Island, at the confluence
of the Dudinka River. The objectives of the research included studying seasonal changes in ichthyo-
plankton species composition, abundance, and diversity, as well as the development of eggs and larvae
of abundant fish species depending on the environmental conditions.

MATERIAL AND METHODS

Ichthyoplankton was sampled in the inshore site at the confluence of the Dudinka River from May
to October 2020. For sampling, an ichthyoplankton conical net (50 cm in diameter) with an inlet area
of 0.2 m? and a mesh of 0.35 mm was used [Rass, Kazanova, 1966]. The stations were located at isobaths
of 0-0.5 m (littoral), 5 m, 10 m, and 20 m. From the second decade of May to late June, during mass
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spawning of coastal fish species, surveys were carried out every ten days. In July, due to bad weather con-
ditions, there were two surveys — in the second and third decades. From August to October, sampling
was carried out monthly. Once a calendar season, samples were taken from four sections (in the sec-
ond decade of May, in the third decade of July, and in October); in other periods, from two central
sections (Fig. 1). A total of 104 ichthyoplankton samples were taken in 10 surveys.
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Fig. 1. Scheme of ichthyoplankton sam-
pling in the inshore site at the confluence
of the Dudinka River in 2020
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Above depths of 5-20 m, the ichthyoplankton net was lifted from a motor boat vertically from the bot-
tom to the surface. In the littoral zone, 100 L of seawater were poured through the net [Rukovodstvo
po metodam, 1983]. Samples were fixed with 4% formaldehyde solution.

For vertical catches, ichthyoplankton abundance was calculated per 1 m> by the formula:

N=(nx5)/S,

where N is ichthyoplankton abundance in 1 m?, ind.-m™>;
n is ichthyoplankton abundance in the catch, ind.;
S is the distance covered by the net, m;
5 is the coefficient for reducing the net inlet area to 1 m2.
During sampling in the littoral zone, the abundance was determined by the formula:

N =nx10,

where N is ichthyoplankton abundance, ind.-m™;
n is ichthyoplankton abundance in the catch, ind.;
10 is the coefficient for reducing the abundance to 1 m?.
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At each station, YSI Model 85 probe was used to measure temperature, salinity, and oxygen
concentration from the surface to the bottom with a resolution of 1 m. Oxygen was measured only
in May—June. For the analysis, we used temperature and salinity values averaged for each survey
in the layer from the bottom to the surface, in the surface and near-bottom horizons. Data on wind
direction and force were taken from the weather archive of the website https://rp5.ru/ [2021].

Ichthyoplankton samples were processed in a laboratory under an Olympus SZX10 binocular
equipped with an eyepiece micrometer. Eggs and larvae of each species were measured to the near-
est 0.01 mm. The stages of egg development were determined according to conventional meth-
ods [Rass, Kazanova, 1966]. When identifying disorders in embryos and larvae, we were guided
by descriptions of normal development and pathologies in the early fish ontogeny [Davydova, 1994;
Pertseva-Ostroumova, 1961].

The taxonomy of species is given in accordance with the WoRMS database [2021]. To identify
dominance classes, the Lubarsky scale was used. According to it, species with a relative abundance
of 64-100% were absolute dominants; 36—64%, dominants; and 16-36%, subdominants [Bakanov,
2005]. The period when the total proportion of eggs and larvae of a given species accounted for at least
50% of all studied species was considered as the time of mass spawning of fish and development
of the early stages of ontogenesis.

For statistical processing, MS Office Excel data analysis package was used. To assess the significance
of the difference between the means, the Student’s 7-test was applied.

Based on the data obtained on ichthyoplankton species composition and abundance, a domi-
nance—diversity curve was constructed [Odum, 1983; Whittaker, 1975], and ecological indices were
calculated [Margalef, 1958; Pielou, 1966; Shannon, Weaver, 1949; Simpson, 1949] (Table 1).

Table 1. Indices of biodiversity used for the description of ichthyoplankton

Index Calculation Designations References
-is th ti
Shannon—Wiener H=—Yp, xo p(;flsthei-lt)lrlosp Oercilf(:)sn Odum, 1983;
diversity - Pi 2 Pi ) P Shannon, Weaver, 1949
in abundance
' ’ H His th.e Shgnnpn—Wlener Odum, 1983;
Pielou’s evenness E = 1 S diversity index; Piclou. 1966
082 S is the number of species telou,
s ' n; is the abundance )
Simpson’s diversity D=> (%)2 of the i-th species; SQdum, 19122’9
@ N is the total abundance 1mpson,
S is the number of species; )
Margalef’s diversity Dyg=(S—1)/InN N is the total abundance Mgilgarlsf,l ;zg&
of individuals um,

RESULTS AND DISCUSSION

The ecosystem of the Terpeniya Bay, inter alia ichthyoplankton transport, is structurally affected
by waters of the East Sakhalin Current penetrating from the east, a complex system of eddies,
and an alongshore current off the western coast, mainly of the south direction [Pak et al., 2017;
Shevchenko et al., 2020]. In the Dudinka River vicinity, as well as in the previously studied inshore
sites located to the south, there was a noticeable variability in environmental parameters, especially
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in the spring hydrological season. It was due to the mixing of warmer desalinated surface water with
colder and saltier seawater from the bottom horizons, which results from coastal upwellings and down-
wellings formed under the effect of offshore western winds and surge eastern winds [Shevchenko et al.,
2021]. Apparently, the formation of coastal flows is affected mainly by southeastern and eastern winds
and an alongshore current with a meridional orientation [Shevchenko et al., 2021].

During the ichthyoplankton surveys, the temperature averaged for the entire water column, increased
from +5.8 °C in May to +13.3 °C in October with an approximation reliability value (R?) of 0.92. Un-
til August, water warming occurred simultaneously with an increase in air temperature with a correla-
tion coefficient (R) equal to 0.93. The absolute minimum for the study period (+0.4 °C) was recorded
at a depth of 20 m in May, and the maximum (+ 15.7 °C) was registered at a depth of 3 m in Septem-
ber. Throughout the study period, reduced salinity values were noted in the water area, on average
26.2-30.4 PSU. The minimum (3.5 PSU) was observed in the first decade of June at the Dudinka
River mouth; the maximum (31 PSU and more), at the bottom, at a depth of 13—20 m. A trend towards
a decrease in salinity was revealed at the height of the flood, from late May to early June (R? = 1),
and during the flood period, in September—October (R = 0.93) [Onishchenko, 1987]. Strong desali-
nation affected mainly the mouth areas, where eggs and larvae of euryhaline fish species with bottom
eggs develop, such as H. japonicus, M. villosus, and Cl. pallasii. At the same time, significant tempera-
ture fluctuations were recorded throughout the studied inshore site on spawning grounds and in nursery
areas of both coastal and marine fish. Because of the formation of coastal upwellings under the ef-
fect of southwestern winds, there were cases of sharp drops in temperature — to subzero values in May
and from +12 °C to 4+2...43 °C in July. Eastern winds prevailing in spring cause additional transport
of eggs and larvae of marine species to the coastal area. A positive relationship was found between
the mean ichthyoplankton abundance and northern and eastern winds (R = 0.69). A negative relationship
was revealed with the predominance of winds of the southeast—west section (R = —0.65). Ichthyoplank-
ton abundance also depended on wind speed (R = 0.64). Maximum density values of ichthyoplankton
at depths of 0-0.5 m were recorded in May—June during the predominance of northern and eastern winds
and at the highest average speeds, 3.9—4.5 m-s™!. The obtained correlation coefficients indicate a signif-
icant effect of wind transport of ichthyoplankton in the study area and the predominance of transport
from the north—east section.

Fluctuations in temperature and salinity, as well as the effect of shockwaves, including a swell typical
for this area, are not optimal conditions for the development of planktonic communities, in particular,
pelagic eggs and early fish larvae [Pertseva-Ostroumova, 1961; Tarasyuk, 1994]. A factor positively
affecting ichthyoplankton structure in the Dudinka River area can be the proximity to the vast shelf
protected from the east by the Terpeniya Peninsula, which is characterized by better warming than open
southern areas [Lozhkin et al., 2018; Shevchenko et al., 2020]. The East Sakhalin Current branch flowing
into the Terpeniya Bay and the powerful Poronay River flowing along the western coast [Pak et al.,
2017] contribute to the supply of nutrients into the water column. This results in high phytoplankton
biomass [Mukhametova et al., 2022], which serves as the starting food for fish larvae [Kim Sen Tok
et al., 2017] and increases productivity of organisms representing other trophic levels — zooplankton,
benthos, and fish.

Fish eggs and larvae were recorded in the inshore site in the confluence of the Dudinka River
from May to September. In total, 17 fish species from 5 families were identified in ichthyoplank-
ton. In addition to pelagic eggs, the catches included bottom eggs of the Pacific herring Cl. pallasii
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and the cresthead flounder Pseudopleuronectes schrenki (Schmidt, 1904). The occurrence of bottom
eggs in the water column is common for species with littoral spawning grounds — CL. pallasii, M. vil-
losus, H. japonicus, and the Japanese icefish Salangichthys microdon (Bleeker, 1860) — during their mass
spawning [Mukhametova, 2020b; Mukhametova, Balanov, 2013]. By the number of species (12;~ 71%
of the taxonomic composition), representatives of the family Pleuronectidae prevailed. In October, there
was no ichthyoplankton in the catches. The period of the increased species abundance lasted from May
to late July and was accompanied by minor fluctuations: the number of species was 7-10. Except
for several low-boreal flounder species [the yellow striped flounder Pseudopleuronectes herzensteini (Jor-
dan et Snyder, 1901), the Black plaice Pseudopleuronectes obscurus (Herzenstein, 1890), Ps. schrenki,
and M. punctatissima], characteristic of ichthyocenes and ichthyoplankton complexes of the southern
Sea of Okhotsk and the Tatar Strait, identified species were typical for the Eastern Sakhalin shelf.
Many Pleuronectidae species were represented by both eggs and larvae.

In May, the maximum ichthyoplankton abundance, 61.17 ind.-m™, was observed (Table 2). Same
month, the highest heterogeneity in its spatial distribution was noted, due to the predominance of ad-
ventive, marine species (mainly eggs of G. chalcogrammus and H. robustus) and low intensity of fish
spawning in shallow waters. The standard deviation in May was twice the mean ichthyoplankton abun-
dance. In June—August, the development of spawning of flounders representing the coastal complex
resulted in a more even distribution of catches. However, variations in the abundance of eggs and larvae
by stations remained quite high throughout the study period. A significant decrease in concentrations
began in August against the backdrop of the completion of spawning of pelagophilic fish.

Table 2. Species composition, abundance, and indices of the ichthyoplankton species diversity in the in-
shore site at the confluence of the Dudinka River in 2020 (numerator denotes eggs, % of the total abundance
of eggs; denominator denotes larvae, % of the total abundance of larvae)

Mean
Taxon May June July August | September | for the entire
period, %

Clupeidae

Pacific herring 12.67 1.63 7.50

Clupea pallasii Valenciennes, 1847 079 0 - - - 0.30
Gadidae

Alaska pollock 61.03 3.75 1.55 3.28 3 3547

Gadus chalcogrammus Pallas, 1814 62.88 1.96 0 0 24.15
Cottidae

Elegant sculpin _0 _0_

Bero elegans (Steindachner, 1881) B 39.22 B B B 8.00

Threaded sculpin 0 0

Gymnocanthus pistilliger (Pallas, 1814) 0.40 B N - N 0.15

Liparidae
Striped seasnail 0 0
Liparis latifrons Schmidt, 1950 0.40 - N - - 0.15
Pleuronectidae
Blackfin flounder 1.70 21.31 2.22 1.05
Glyptocephalus stelleri (Schmidt, 1904) B - 0.75 0 0 0.30

Continue on the next page...

Mopckoii 6uonornyeckuii xkypHaia Marine Biological Journal 2023 vol. 8 no. 4



80 O. N. Mukhametova

Mean
Taxon May June July August | September | for the entire
period, %
Bering flounder Hippoglossoides 25.33 0.12 14.24
robustus Gill & Townsend, 1897 3476 1.96 } } j 13.53
Yellowfin sole 23.46 12.33 75.41 97.78 11.52
Limanda aspera (Pallas, 1814) - 0.98 67.41 0 100.00 28.99
Sakhalin sole 4.81 0.30 1.21
Limanda sakhalinensis Hubbs, 1915 B 0 0 - - 0
Far Eastern smooth flounder 0 0
Liopsetta pinnifasciata (Kner, 1870) 0.77 - - - - 0.29
Longhead dab 5.18 1.25
Mpyzopsetta proboscidea (Gilbert, 1896) B 0.98 N - - 0.20
Longsnout flounder Myzopsetta 0.35 27.61 81.72 3 3 18.98
punctatissima (Steindachner, 1879) 0 6.86 31.09 13.84
Starry flounder 0.44 3.79 0.30 1.21
Platichthys stellatus (Pallas, 1787) 0 15.69 0 - B 320
Alaska plaice Pleuronectes 0.15 0.08
quadrituberculatus Pallas, 1814 0 - - - - 0
Yellow striped flounder
Pseudopleuronectes herzensteini 0.03 w 210 - - &
(Jordan et Snyder, 1901) 0 2.94 0.75 0.90
Black plaice Pseudopleuronectes 0 0
obscurus (Herzenstein, 1890) - 2353 - - - 4.80
Cresthead flounder Pseudopleuronectes 19.58 4.73
schrenki (Schmidt, 1904) B '5.88 - - - 1.20
. _ 59.21 % 23.54 15.65 % 381+ 141+ 21.11 %
Bggs, (M +0) ind.m” 126.2 15.81 14.41 4.13 2.02 2331
. _ 197+ 0.80 + 2.09 + 0.09 + 0.99 +
Larvae, (M £ 0) ind.-m™ 1.49 0.92 3.40 B 0.14 1.00
Total ichthyoplankton, 61.17 26.60 = 17.73 ¢ 381+ 1.50 £ 22.10
(M o) ind.-m™ 125.89 16.46 15.03 4.13 2.16 24.10
Number of species 10 12 7 3 2 17
Indices
Shannon—Wiener diversity 1.393 2.837 1.092 0.944 0.146 -
Pielou’s evenness 0.419 0.791 0.389 0.596 0.146 -
Simpson’s diversity 0.454 0.177 0.610 0.615 0.959 -
Margalef’s diversity 2.188 3.353 2.087 1.494 2.466 -

The greatest contributors to the total abundance of ichthyoplankton were Pleuronectidae represen-
tatives, which dominated most of the study period. A decrease in their proportion was revealed only
in May: in the second decade, with the high concentration of G. chalcogrammus eggs, and in the third
decade, with the massive appearance of Cl. pallasii bottom eggs in the water column.

Throughout the study, fish eggs accounted for 88—-100% of the total abundance of ichthyoplankton.
In different periods, the predominating forms (absolute dominants, dominants, and subdominants) were
eggs of the Alaska pollock G. chalcogrammus, H. robustus, M. punctatissima, the yellowfin sole L. aspera,
and the blackfin flounder Glyprocephalus stelleri (Schmidt, 1904). In May, eggs of G. chalcogrammus
prevailed, accounting for 61% of the total abundance of eggs. In June, against the backdrop of a rise
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in spawning intensity of coastal species of the family Pleuronectidae, the dominant group included
M. punctatissima eggs (39%). In July, M. punctatissima eggs accounted for 82% of all fish eggs recorded.
In August and September, eggs of L. aspera were the absolute dominant, 75 and 98%, respectively.

The larval composition was dominated mainly by species with a high abundance of eggs:
G. chalcogrammus and H. robustus in May; PL stellatus in June; and L. aspera and M. punctatissima in July
and September. In June, the larval composition was characterized by an increase in abundance of sublit-
toral species with bottom and benthic eggs — the elegant sculpin Bero elegans (Steindachner, 1881) (39%
of the total abundance of larvae) and Ps. obscurus (24%). In May and June, the proportion of larvae
in the total abundance of ichthyoplankton remained at the level of 3%. In July, a rise up to 12%, caused
by mass hatching of L. aspera and M. punctatissima, was registered. An increase in the concentration
of eggs of these species began in the previous period. The mean abundance of M. punctatissima eggs
rose from 0.2 ind.-m™ in May to 7.1 ind.-m™ in June and 12.8 ind.-m™ in July. In May, there were
no L. aspera eggs; in June and July, their abundance was 2.1 and 1.9 ind.-m™, respectively.

By the number of species, the Dudinka River area was inferior to coastal waters south of N48°,
where the taxonomic list could include eggs and larvae of 20-23 fish species, due to the reproduction
of southern migrants in summer [Mukhametova, 2014]. At the same time, the abundance of eggs and lar-
vae of G. chalcogrammus and many Pleuronectidae at the confluence of the Dudinka River was signif-
icantly higher due to the proximity of this area to the main spawning grounds located to the northeast
of the inshore site [Kim Sen Tok, 2011; Zverkova, 2003]. In the Dudinka River area, the abundance
of G. chalcogrammus eggs averaged for May—October exceeded that in the area of the Dolinka River,
which is located 50 km to the south, by more than 100 times, while the abundance of larvae was more
than 1,000 times higher. The abundance of H. robustus eggs was 7 times higher, and the abundance
of its larvae was 32 times higher. The abundance of L. aspera eggs and larvae was 19 and 161 times
higher, respectively. The mean abundance of PL stellatus eggs exceeded its concentration in the Dolinka
River area by 248 times; M. punctatissima eggs, by 8 times; and L. sakhalinensis eggs, by 11 times.
Interestingly, larvae of these species were not revealed in the Dolinka River area.

For species represented in ichthyoplankton in the Dudinka River vicinity, typical spawning is the one
under conditions of sea salinity, except for Cl. pallasii, whose spawning occurs in a wide range of salin-
ity, and L. pinnifasciata, whose eggs tolerate slight desalination [Pertseva-Ostroumova, 1961]. Sexually
mature individuals of several coastal flounder species (Pl stellatus, L. obscura, and M. punctatissima)
can be found in highly desalinated areas, but their eggs and larvae develop only at sea salinity.

In Southeastern Sakhalin, spawning and the maximum abundance of larvae of most fish occur
in the hydrological spring, a period of good food supply (phytoplankton and larval forms of inverte-
brates). A slow increase in water temperature in the coastal area of Southeastern Sakhalin [Shevchenko
etal., 2021] is the reason for the prolonged hydrological spring — from early May to late July [Pishchalnik,
Bobkov, 2000]. At the same time, the warming of shallow areas, which affects the timing of mass spawn-
ing of fish, may differ from the long-term average one for a period from 8—10 days to 3—4 weeks [Lozhkin
et al., 2018]. Accordingly, it is quite difficult to establish clear boundaries of biological seasons.
Off the southeastern coast of Sakhalin, the summer composition of ichthyoplankton can be formed
from late June to late July [Mukhametova, 2020a, b]. Depending on the geographic location of the area,
the spawning period and the number of seasonal spawning groups for the same species can vary signif-
icantly. Among Pleuronectidae representatives, an increase in the number of such groups was recorded
from north to south [Dyakov, 2011].
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In the inshore site at the confluence of the Dudinka River, four groups of species were distinguished
based on the seasonality of spawning and the presence of eggs and larvae in plankton (Table 3).

Table 3. Ecological groups of ichthyoplankton in the inshore site at the confluence of the Dudinka River
in 2020 (grey cells show the period of occurrence; red cells show the periods of maximum concentrations
of eggs and larvae; numerator denotes the proportion of total eggs of the species; denominator denotes
the proportion of larvae)

Bio- Hydrological season
Stage . -
of de- Habitat geo- Spring Summer
Taxon velop- charac- | Biotope | graph- v VI Vil VII | IX
me nli teristic ical ond | ogd st ognd |grdognd ) 3rd ) grd | ond
region |decade | decade | decade | decade | decade | decade | decade | decade | decade
Winter—spring spawning
Gy m.nc.)cqnthus larvae | coastal SL AB
pistilliger
.Lzo.p sett.a larvae | coastal SL LB
pinnifasciata
Liparis latifrons larvae | marine EL WB
Pleuronectes .
EL WB
quadrituberculatus ce8s farine
Spring spawning
Hippoglossoides €2, | | arine EL AB
robustus larvae
Gadus eggs, .
marine EL WB
chalcogrammus larvae
Clupea pallasii €88% | (oastal N AB
larvae
Pseudopleuronectes larvae | coastal SL LB
obscurus
Pseudopleuroyectes g8, | oastal EL LB
schrenki larvae
Bero elegans larvae | coastal SL LB
Myzop. s'etta €88 | coastal SL HB
proboscidea larvae
Limanda
1 EL B
sakhalinensis cess coasta w
. €ggs,
Platichthys stellatus coastal SL AB
larvae
Pseudopleumﬁf:’ctes eges, | oastal Ng LB
herzensteini larvae
Myzop.se{ta €8S | coastal SL LB
punctatissima larvae
Spring—summer spawning
Limanda aspera €88 | oastal EL WB
larvae

Summer spawning

marine EL WB

Glyptocephalus eggs,

stelleri larvae

Note. Biotope: EL, elittoral; SL, sublittoral; N, neritic. Biogeographical region: AB, arctic-boreal species;
HB, high-boreal; WB, wide-boreal; LB, low-boreal.
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The group with winter—spring spawning was represented by larval forms of two coastal species, G. pis-
tilliger and L. pinnifasciata, adventive larvae of the striped seasnail Liparis latifrons Schmidt, 1950,
and eggs of the Alaska plaice Pleuronectes quadrituberculatus Pallas, 1814. Eggs and larvae of this
group off the southeastern coast of Sakhalin massively occur in April. Accordingly, by the beginning
of research, there abundance in the Dudinka River area was already at its minimum.

The most extensive group was the one with a predominance of spring spawning: it in-
cluded 11 species (65% of the species composition). This group covered both coastal and ma-
rine forms. The typically adventive ones, G. chalcogrammus and H. robustus, are characterized
by earlier spawning away from weakly warmed shallow waters. Therefore, the abundance of their
eggs and larvae in the coastal area was maximum in the early hydrological spring, in May.
Out of coastal species, the group with early spring spawning included CI. pallasii, which is distributed
in Arctic-boreal waters and approaches littoral spawning grounds for spawning earlier than other
coastal species.

The maximum abundance of eggs and larvae of most spring-spawning species belonging to Pleuro-
nectidae was recorded in June, except for one Cottidae representative, B. elegans. Among them, species
with short (within one decade) and long (up to three months) periods of eggs and larvae laying
in plankton stood out. Three low-boreal species, Ps. obscurus, Ps. schrenki, and B. elegans, whose main
range is to the south, had a short-term occurrence, as well as one high-boreal species, the longhead
dab Myzopsetta proboscidea (Gilbert, 1896), which is highly abundant off the Northeastern Sakhalin
coast [Mukhametov, Mukhametova, 2017] and in the northern Sea of Okhotsk. In the Terpeniya Bay,
these species are not abundant [Kim Sen Tok, 2011]. Their abundance in ichthyoplankton is also low. Ap-
parently, spawning and development of pelagic larvae occur within a short period of time. Eggs and lar-
vae of many coastal Pleuronectidae species with spring spawning were characterized by a fairly long
period of occurrence — two to three months (Table 3). This group included L. sakhalinensis, PL stellatus,
Ps. herzensteini, and M. punctatissima, often highly abundant in coastal ichthyocenes and, accordingly,
in ichthyoplankton of Sakhalin waters.

In terms of the nature of spawning in the Dudinka River area, L. aspera stood out. This species usually
replaces M. punctatissima in the composition of dominants, since the peak of L. aspera spawning occurs
later. In 2020, in the studied inshore site, a high abundance of L. aspera eggs and larvae was registered
in June, and it coincided with a high abundance of eggs and larvae of the spring-spawning species, Pl stel-
latus, L. sakhalinensis, and Ps. herzensteini. However, L. aspera differed from the listed species in the fact
that its early stages of development continued to occur until mid-September. This gives grounds to dis-
tinguish it from the general group of coastal flounders as a species with a long spring—summer spawning.
The occurrence of L. aspera eggs and larvae lasted up to four months. The long period of its spawn-
ing in this area is related to the availability of two spawning approaches to the Terpeniya Bay. For this
species, the duration of occurrence of the early stages of development in the surface layers is estimated
at 130 days [Tarasyuk, 1997].

Gl. stelleri is classified as a species with summer spawning. When larvae appeared in July, the highest
concentrations of eggs in this area were recorded in August, and single eggs were found in September.
Since Gl. stelleri eggs are registered off the northeastern coast of Sakhalin in June at depths of 50 m
or more, it can be assumed as follows: in the Terpeniya Bay, spawning begins in the same period or earlier,
but at a distance from the coast. With a low abundance of eggs on spawning grounds, those are not likely
to be revealed in the coastal area.
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In the studied inshore site, we did not note the development of an autumn ichthyoplankton com-
plex. In the waters of the Eastern Sakhalin, this complex includes larvae of Irish lords of the genus
Hemilepidotus Cuvier, 1829 and greenlings, mainly of the genus Hexagrammos Tilesius, 1810.

Some species in the Dudinka River area had a longer period of occurrence of early stages of develop-
ment compared to that for other areas. Eggs and larvae of M. punctatissima, Ps. herzensteini, and Gl. stel-
leri were registered in the inshore site during three months. Even eggs and larvae of PL stellatus, a species
with a short spawning period (mass spawning, about 20 days; in total, about 45 days) [Yusupov, 2011],
had a long period of occurrence in the studied inshore site — from May to late July. Long-term spawning
of G. chalcogrammus is recorded off the northeastern coast of Sakhalin, while for L. aspera, it is known
in the Terpeniya Bay [Shuntov et al., 1993; Tarasyuk, 1997].

Adventive, marine species, H. robustus, G. chalcogrammus, Pl. quadrituberculatus, and Gl. stel-
leri, were characterized by the maximum abundance in the inshore site at final stages of egg develop-
ment. In many areas of Sakhalin, H. robustus spawning, which lasts in the northern Sea of Okhotsk
from mid-May to mid-July [Yusupov, 2018], coincides in time and space with G. chalcogrammus
spawning [Moukhametov, Chastikov, 2015]. H. robustus spawning grounds are located mainly at depths
exceeding 30 m in the northeastern Terpeniya Bay, and in recent years, in its northwestern area
as well [Moukhametov, Chastikov, 2015; Tarasyuk, Pushnikov, 1982]. Considering the long period
of development of G. chalcogrammus and H. robustus eggs [Yusupov, 2018; Zverkova, 2003], it can
be assumed as follows: in the areas adjacent to the inshore site, their spawning began no later than
in mid-April. The maximum abundance of G. chalcogrammus and H. robustus eggs in the Dudinka
River vicinity was registered at the initial stages of seasonal desalination of the coastal area, which oc-
curred in the second decade of May only in the surface layers, while in the deeper ones, rather stable
thermohaline conditions persisted [Shevchenko et al., 2021]. The alongshore current of the south direc-
tion, as well as northern, northeastern, and eastern winds with a total frequency of 91%, blowing even
at a not very high speed, on average 4.5 m-s”!, could maintain a fairly stable movement of ichthyoplankton
to the south and southwest.

Eggs of the species that reproduce directly in shallow waters, M. punctatissima and Pl. stellatus,
formed aggregations at the initial stages. Some species had relatively high abundance of both initial
and final stages throughout the study period. Specifically, the development stages I and III for L. as-
pera had close proportions, more than 40%, already in mid-June. By the end of June, the proportion
of stage I (41%) slightly exceeded the proportion of stage III (32%). By mid-July, there was a reduction
in the final stages. In late July, stage IV had the highest contribution, 29%, while the relative abundance
of other stages remained at 21-26%. In June, with the maximum frequency of surveys, it was impossi-
ble to register the predominance of the development stage I, which could result from a constant arrival
of L. aspera eggs from northern areas, where its main reproduction ground is located [Kim Sen Tok,
2002, 2011]. The high relative contribution of the development stage I for L. aspera was registered
only from late August, during residual spawning. A similar proportion of development stages was es-
tablished for Ps. herzensteini, with the difference that the abundance of eggs of this species decreased
already in July.

The spatial distribution of ichthyoplankton by depth was determined by the seasonal features of fish
reproduction in Eastern Sakhalin waters. According to the indicator averaged over May—September,
the most productive depths were the minimum ones: the value was about 52 ind.-m=. Above 5-10-m
isobaths, mean concentrations of ichthyoplankton remained at the level of 21-22 ind.-m™; to a depth
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of 20 m, the values decreased by almost half, to 13 ind.-m™. In shallow areas, mainly fish eggs
were found. Larvae were rare. From May to late June, higher densities of ichthyoplankton were ob-
served at the water’s edge. The maximum abundance of eggs, more than 260 ind.-m~, was recorded
in mid-May (Fig. 2).

70 300

g Eggs =
N 60 250 el
! :
50
2 200 §
T 40 =
o
<k 150 &
S & 30 ,-_;
5 100
2 20 00 %g
: s
g 10 50 2
2 g
0 0 Z

10
Larvae

© 8
g
g
g

. 6
by

[ J

£,
Z

2

0 |

3 2

May June August | September

E5m B10 m 020 m @ littoral

Fig. 2. Dynamics of ichthyoplankton abundance (ind.-m™3) at isobaths of 0.5-20 m in the inshore site
at the confluence of the Dudinka River in May—September 2020 (numbers on the abscissa are decades)

Pelagic eggs of most Pleuronectidae and G. chalcogrammus arrived to minimum depths with surge
winds. Bottom eggs dominated during mass spawning of Cl. pallasii (in May) and Ps. schrenki (in early
June). In July, an increase in egg concentrations was noted in the depth range of 5-10 m; in August
and September, above isobaths of more than 10 m. In May, similar densities of larvae were recorded
in the entire depth range of 5-20 m. In early June, a rise in concentrations was recorded at 5-m iso-
bath due to mass hatching of Ps. obscurus. The maximum abundance of larvae occurred in late July,
when larvae of several coastal flounder species, L. aspera, M. punctatissima, and Ps. herzensteini, were
characterized by high densities.

At the beginning of the study (the second decade of May), the abundance of G. chalcogrammus
and H. robustus eggs reached its maximum values. Eggs at the final stages of development (III and IV) pre-
dominated: their total proportion exceeded 93% for G. chalcogrammus and 86% for the Bering flounder.
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In the early hydrological spring, when coastal water areas are still slightly warmed up and exposed to fresh-
water runoff, fish with pelagic eggs (H. robustus, G. chalcogrammus, Pl. quadrituberculatus, and Gl. stel-
leri) spawn outside the 50-m isobath. Flounders of the coastal complex, PL stellatus, M. punctatissima,
L. aspera, L. sakhalinensis, and Ps. herzensteini, also begin spawning at depths exceeding 15-20 m. At this
stage, the coastal water area becomes a spot of high concentrations of eggs and larvae of species that lay
bottom eggs on littoral spawning grounds. In the Dudinka River area, out of these species, only CL. pallasii
was found. In other areas, this niche can also be occupied by M. villosus and H. japonicus [Mukhametova,
2020a]. In May, maximum concentrations are formed in the littoral zone due to the transport of pelagic
eggs of marine species by prevailing eastern winds and currents. In June, the role of 5-10-m isobaths
increases. In July, the main concentrations of ichthyoplankton shift to depths of 5-10 m. At the height
of the hydrological summer, in August, as the water column warms up, the spawners begin to move
deeper. The reproductive value of shallow waters decreases. The main concentrations of eggs and larvae
from residual spawning are formed above isobaths of 10-20 m (Fig. 2).

The survival rate of early stages of fish development is one of the significant indicators
of spawning efficiency, which determine the productivity of recruitment. The formation of embryonic
pathologies and high mortality of eggs and larvae under natural conditions can be caused by sudden fluc-
tuations in temperature and salinity, storms, lack of food items, efc. Under adverse conditions, egg mor-
tality can reach 90-100% [Davydova, 1994]. In the inshore site at the confluence of the Dudinka River,
average mortality of G. chalcogrammus eggs (29.2%) coincided with average mortality in the Northeast-
ern Sakhalin waters (29%); the value for L. aspera was lower (19.5% vs. 30.2%) [Davydova, Cherkashin,
2007]. In May in the Dudinka River area, the proportion of non-viable eggs of G. chalcogrammus (1.6%)
and H. robustus (1.8%) was also lower than in the Aniva Bay (8.3% for G. chalcogrammus and 2.1%
for H. robustus). At the same time, the proportion of postembryonic disorders was quite high,
especially for H. robustus (Table 4).

Table 4. Larvae characteristics of abundant fish species during periods of high abundance in the inshore
site at the confluence of the Dudinka River in 2020

Length, mm, Mean weight Prel Prelarvae
Species Month | Decade min—-max of 1 individual, re ;rvae, with pathologies,
M=to mg, M +o ¢ %
ond 220515 1 651040418 70.6 5.9
Gadus 3.78 £ 0.84
chalcogrammus May 3.2-5.9
3rd = 0.460 £ 0.177 100.0 -
4.51 £ 0.66
. . ond 1.24-4.87 0.223 £0.139 72.2 38.9
Hippoglossoides May 3.33+1.20
bustu. —
FOPHSHES 31 35553 1 0257+0.106 76.9 -
4.60£0.72
Limanda aspera 0935 0.050 £ 0.019 69.0 48.3
July 3rd 2.1510.69
Myzopsetta =2 0.049 + 0.034 10.0 20.0
punctatissima 2.16 +0.59
. 1.8-4.05
Platichthys stellatus —_ 0.139 £ 0.086 - 14.3
June 1ot 2.85+0.80
Pseudopleuronectes 2.3-3.1 0063 +0.025 100.0 _
obscurus 2.72+£0.33
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Apparently, a simultaneous increase in the abundance of G. chalcogrammus and H. robustus individ-
uals with pathologies (these species have similar spawning areas and the direction of drift of the early
stages of development) is related to the exposure of their eggs and larvae to adverse conditions. In May
in the inshore site, the most common types of effect, that reduced the survival rate of fish eggs and larvae,
were the effect of waves and sudden fluctuations in temperature and salinity in the area of upwellings
and downwellings. Considering the long period of egg development at low temperatures and significant
distances of their transport, adverse factors could affect fish eggs and larvae outside the inshore site
as well.

The mortality rate for eggs of coastal Pleuronectidae was higher, and this may be due to the high inten-
sity of spawning directly in the inshore site and the predominance of the initial stages of development,
more sensitive to any effect, throughout the study period. However, the conditions for egg develop-
ment in the area of the Dudinka River confluence can be considered more favorable than in southern ar-
eas. In Aniva Bay, the proportion of non-viable eggs of L. aspera in the second decade of July exceeded
mortality rate in the Dudinka River area by half (46% vs. 23%); that of M. punctatissima in the second
decade of June, by more than 2.5 times (44% vs. 17%). Pleuronectidae embryos before leaving their
membranes and larvae at the stage of transition to exogenous nutrition turned out to be more vulnerable.
The proportion of non-viable larvae (14—48%) was comparable to egg mortality rate or higher (17-30%).
An increase in mortality rate at the early stages of embryogenesis in the inshore site coincided with
the known critical periods [Chambers et al., 2001].

Compared to the values for coastal lagoon waters of the southeastern Sakhalin Island [Mukhame-
tova, Balanov, 2013], the period of occurrence of ichthyoplankton in the Dudinka River vicinity lasted
a month longer, and the greatest species diversity was formed a month later. The values of the indices
of diversity (2.84), evenness (0.79), and species richness (3.35) were the highest in June — with the max-
imum number of species (12) and with the abundance (26.60 * 16.46) ind.-m™, close to the mean value
for the period (Table 2). High biotic diversity during this period was also indicated by the minimum
value of the Simpson index (0.18). The relatively low values of species richness indices in this study
area were due to a decrease in the number of species in the ichthyofauna of the Far Eastern seas in shal-
low areas compared to the number for deep-water ones [Ashikhmina, 2009]. The minimum diversity
and evenness of ichthyoplankton were observed in September, when L. aspera eggs and larvae dominated
in the catches, and the dominance index reached 0.96.

The ichthyoplankton dominance—diversity curve for the Eastern Sakhalin occupies a high position
on the graph (Fig. 3).

The shape of the ichthyoplankton dominance—diversity curve is close to the “MacArthur’s broken-
stick model” which characterizes natural communities. Most species were evenly distributed in ranked
order of dominance. The proportion of eggs and larvae of four abundant species, G. chalcogram-
mus, M. punctatissima, H. robustus, and L. aspera, accounted for 77% of the cumulative abundance.
The next eight species accounted for 22% of the cumulative abundance, and the last five ones ac-
counted for only 0.4%. A sharp decline in abundance began only with Ps. obscurus, which occupied
the 13" position in the ranked list. The presence of a few high-abundant species and many low-abundant
ones is a characteristic feature of boreal communities [Odum, 1983].

In general, the basis of the community in the Dudinka River area was formed by the early stages of de-
velopment of four fish species with different status and characteristics of abundance dynamics. In May,
the main concentrations, existing for a short time (within the second decade), were produced by eggs
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and larvae of G. chalcogrammus and H. robustus transported from seaward areas: 72 and 28 ind.-m™,
respectively. By the third decade of May, the mean concentration of G. chalcogrammus eggs decreased
by 24 times, and that of H. robustus eggs, by 9.5 times. In June and July, eggs and larvae of resident
species, M. punctatissima and L. aspera, dominated; these species do not form aggregations with high
densities, but have a relatively stable abundance for several months. Decade concentrations of M. punc-
tatissima eggs and larvae from early June to late July varied from 6.3 to 15.8 ind.-m™. Variations in L. as-
pera abundance were more pronounced. From mid-June to September, the total abundance of eggs
and larvae of this species varied within 0.9-11.9 ind.-m™>. The dominant forms were common for East-
ern Sakhalin [Davydova, Cherkashin, 2007; Moukhametov, Chastikov, 2013]. Analysis of the struc-
ture and indicators of species abundance for ichthyoplankton in the inshore site at the confluence
of the Dudinka River allows us to classify it as a typical natural community.
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Fig. 3. Dominance—diversity curve (A) and species accumulation curve (B) in the inshore site
at the confluence of the Dudinka River in 2020
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Conclusion. Development of ichthyoplankton in the Dudinka River area occurred under conditions
of significant temperature fluctuations resulting from the formation of coastal upwellings and down-
wellings during surge phenomena. Maximum fluctuations in temperature were observed throughout
the hydrological spring, from May to July; fluctuations in salinity, in June, during the flood period.
An additional negative effect in spring was the one of waves and swell caused by the passage of cyclones.

Ichthyoplankton in the Dudinka River vicinity included eggs and larvae of 17 fish species
from 5 families typical for the Eastern Sakhalin waters. Their occurrence was limited to the period
from May to September. Of the cumulative abundance, 77% were eggs and larvae of four species:
Gadus chalcogrammus, Myzopsetta punctatissima, Hippoglossoides robustus, and Limanda aspera.

Spawning of most fish in the inshore site and adjacent areas occurred during the spring hydrologi-
cal season rich in food resources. In May, the maximum abundance of ichthyoplankton, 61 ind..-m>3,
was recorded, while in August, with the end of the spawning period of pelagophilic fish, a signifi-
cant drop was observed, down to 3.5 ind.-m™. The abundance averaged for the study period decreased
from 52 ind.-m™ in the littoral zone to 21-22 ind.-m™ above depths of 5-10 m and to 13 ind.-m™ above
a depth of 20 m.

In the second decade of May, eggs of adventive, marine species dominated in terms of abundance,
G. chalcogrammus (71% of the total value) and H. robustus (28%); in late May, bottom eggs of Clupea
pallasii (70%); and in June—September, eggs and larvae of Pleuronectidae (91-100%). The abundance
of eggs and larvae of G. chalcogrammus and Pleuronectidae in the Dudinka River area was signifi-
cantly higher than in areas south of N48°. An increase in concentrations resulted from the proximity
of the studied inshore site to the main spawning grounds of many fish species.

Species with spring spawning dominated, accounting for 65% of the species composition. This
group covered both adventive, marine forms (mainly G. chalcogrammus and H. robustus), which gave
high abundance in May, and coastal ones (Platichthys stellatus, M. punctatissima, Limanda sakhali-
nensis, and Pseudopleuronectes herzensteini). The adventive species with pelagic eggs were charac-
terized by a predominance of the final stages of development. Resident species were distinguished
by a high abundance of eggs at the initial stages of development, which indicated spawning within
the inshore site.

The proportion of dead eggs of G. chalcogrammus and Pleuronectidae flounders did not exceed
the values for the Northeastern Sakhalin waters and was lower than in Aniva Bay. In May, an increase
in the proportion of prelarvae with pathologies was recorded for G. chalcogrammus and H. robustus,
and this could be caused by exposure to adverse conditions.

Indices of diversity had the highest values in June — with the maximum number of species (12)
and with the abundance (26.60 + 16.46) ind.-m™, close to the mean value for the study period. In this
month, 78% of the total abundance were eggs and larvae of three subdominants, M. punctatissima (27%),
L. aspera (23%), and Pseudopleuronectes schrenki (19%).

The shape of the ichthyoplankton dominance—diversity curve was close to the “MacArthur’s broken-
stick model” which characterizes natural communities. Most species were evenly distributed in ranked
order of dominance.
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CTPYKTYPA IIPUBPEKHOI'O UXTUOIIVIAHKTOHA
B PAMOHE BITAJIEHV S PEKY 1Y INHKA (BOCTOYHBIN CAXAJINH)

O. H. MyxameToBa

Caxammuckuii puman PTBHY «Bcepoccuiickuii HaydHO-HCCleIOBaTeIbCKUN MHCTUTYT PHIOHOTO XO35HCTBA
u okeanorpacpun» (CaxHUPO), FOxHo-CaxanuHck, Poccuiickas ®epeparus
E-mail: olga.sakhniro@gmail.com

W3y4eHbl CTPyKTypa MXTHOIUIAHKTOHHOTO KOMILIEKCA M OCOOEHHOCTH PaHHETO Pa3BUTHS MACCOBBIX
BHJIOB PbIO Ha MOPCKOM IIPHOPEKHOM IOJIMTOHE Y BOCTOYHOTO oOepexbsi octpoBa CaxanuH. [ paii-
OHa MCCNIeIOBAaHMI XapaKTepHbl 3HAYUTEIIbHBIC BAPHALIMY TEMIIEPATYPhl U COIEHOCTH B Mae — HIOJIE.
Munumanbaast Temreparypa Bomsl (+0,4 °C) oTrmeueHa Ha riayouHe 20 M B Mae, a MaKCHMAaJb-
Hast (+15,7 °C) — Ha ry6une 3 M B centsiope. ConéHoCTh B TeUE€HHE BCEro Nepuoja MccliieqoBa-
Huii kosiebasack ot 3,5 PSU Ha nurtopanu B paiioHe ycrbs peku dyaunka no 31 PSU Ha riryOGune
13-20 M. B uxTHOIUIaHKTOHE UIEHTU(DUIMPOBAHBI UKPA U IMYMHKY 17 BUIOB phIO U3 5 ceMelCTB, TH-
nuuHbIX it Bog Boctounoro Caxanuna. [1o KomuecTBy BUAOB Mpeo0iiaaaiy MpeICTaBUTENIN CeMe-
ctBa Pleuronectidae, hopmuposasime 71 % TakCOHOMHYECKOTO cITicKa. [1o uncieHHOCTH BO BTOPOI
JeKaje Masi JOMUHUPOBAIM MKpa U MMUMHKY Gadus chalcogrammus (71 % cyMMapHOW BEJTMYMHEI),
B TpeTheil Aekase Mast — aoHHasi ukpa Clupea pallasii (70%), ¢ MIOHsI 110 CEHTSOPh — UKpa U TMYMHKH
Pleuronectidae (91-100 %). OcpenuénHas 3a Nepuoj UCCleIOBaHNI YMCIEHHOCTh MXTUOTUIAHKTOHA
CHMXAJIACh € 52 9K3.-M > Ha auropamu ao 21-22 9K3.-M > Hajl rayoudamu 5—-10 m u o 13 9K3.-M >
Haj ryouHou 20 M. oy MEPTBBIX UKPUHOK G. chalcogrammus u xamban Pleuronectidae He ripeBbI-
masia 3HayeHni s Bog Cesepo-BocrouHoro Caxanuna u ObUla HUKe, YeM B 3aIMBe AHMBA. B Mae
y G. chalcogrammus n Hippoglossoides robustus 0TMe4eHO yBeIMISHUE JIOJIU TTPEUTMIMHOK ¢ aHOMa-
JIMSIMU, YTO MOKET OBITh BBI3BAHO IOIAJAHMEM MKPBl Ha 3aBEPLIAIOIINX CTAIUsAX Pa3BUTHA B HeOna-
TOIPUSTHBIE YCIIOBUS cpeibl. MakcuMasibHOE BUIOBOE pa3sHOOOpa3re 3aperucTpupoBaHo B MIoHe. Ye-
ThIpe BUAa (popmupoBanu 77 % HakoruieHHoro oowmust — G. chalcogrammus, H. robustus, Myzopsetta
punctatissima v Limanda aspera.

KuroueBrble c10Ba: MKpa phiO, TMYMHKH PhIO, UXTHOIUIAHKTOH, YUCJIEHHOCTD, BUJIOBOE Pa3HOOOpas3ue,
Bocrounsiit Caxanuu
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