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Abstract—A review of the composition and structure of deep-sea pelagic ichthyocenes in the Bransfield Strait
and northern Weddell Sea (Powell Basin) in the Atlantic sector of the Southern Ocean is presented. The
material was obtained in summer 2020 and 2022 at 26 stations at layers from 120–0 to 2200–0 m. Nine hun-
dred one specimens of juveniles and adult fishes belonging to 19 species from 10 families were collected. Sta-
tistical analysis made it possible to identify four significantly different regions in which the dominant ichthy-
ocenes were located in waters of different origin. These ichthyocenes are poor in the number of identified spe-
cies, but often quite numerous. Relatively shallow-water representatives of the families Bathydraconidae,
Channichthyidae, Liparidae, and Nototheniidae, endemic to the shelf and slope of Antarctica, dominated in
the area of the Antarctic Strait and on the shelf of the Antarctic Peninsula. At the same time in the Bransfield
Strait, the abyssal basin of the Powell Basin, and in the pelagic zone above deep-sea ridges and trenches bor-
dering it from the north, meso- and bathypelagic fish from the families Mycthophidae, Bathylagidae, Gono-
stomatidae, Paralepididae, and Scopelarchidae prevailed. Near the northern boundary of the Powell Basin,
the number of mesobatypelagic species and their average abundance were higher than in its central part (11 vs.
7 species and 63.5 vs. 84.1 sp./100 m2). In the central part of the basin, Bathylagus antarcticus dominated, with
an average share of 40% in catches and 28.8 sp./100 m2, while in the northern part of the basin, Electrona ant-
arctica dominated, with an average share of 33%, 27.4 sp./100 m2.
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INTRODUCTION
The modern appearance of ichthyofauna in the

Southern Ocean formed about 30 million years ago,
together with the appearance of the Drake Passage
and subsequent formation of the Antarctic Circumpo-
lar Current (ACC) system, which led to isolation and
cooling of Antarctic water masses, as well as to the
emergence of a massive ice sheet over the Antarctic
continent [3, 22]. These processes caused the disap-
pearance of many taxonomic groups of fish character-
istic of other areas of the World Ocean and contributed
to the evolution of a unique ichthyofauna with an
extremely high level of endemism and dominance of
representatives of the suborder Notothenioidei. The
Antarctic ichthyofauna is less diverse than one would
expect, given its considerable age and vast water vol-
umes occupied by the ichthyocenes. According to the
latest data, 374 species of Antarctic marine fish from

19 families have been described, which make up only
slightly more than 1% of the world’s marine ichthyo-
fauna. A quarter of all known fish species in this region
inhabit the meso- and bathypelagial [25]. The deep-
sea pelagic ichthyofauna of the Southern Ocean is also
characterized by low species diversity and a high
degree of species endemism [14, 16]. The most
numerous taxonomic groups of deep-sea meso- and
bathypelagic fish living here belong to the families
Myctophidae, Bathylagidae, Paralepididae, Gonos-
tomatidae, and Scopelarchidae [4, 17, 25, 26]. Spe-
cies from these families make up more than 95% of
the biomass of the entire mesopelagic ichthyofauna
of the upper 1 km layer inhabiting the Weddell–Sco-
tia seas region [29]. This also includes the Antarctic
silverfish. Pleuragramma antarcticum, the only repre-
sentative of the family Nototheniidae with a pelagic
life cycle [11, 45].
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When studying the composition and structure of
Antarctic marine pelagic ecosystems, as a rule, the
central role and special attention is given to euphausi-
ids (Euphausiidae), and in particular, Antarctic krill
Euphausia superba, as the main food source for Ant-
arctic birds and marine mammals, as well as the most
important object of industrial fishery. However, as
knowledge accumulates, it grows increasingly obvious
that the trophic relationships in this region are much
more complex originally assumed by the concept of
phytoplankton–krill–top predators. So in order to
understand the holistic pattern of ecosystems func-
tioning, it is also necessary to adequately take into
account the contribution of the meso- and bathype-
lagic ichthyofauna as a key trophic component of
marine communities [7]. Being consumers of small-
sized herbivorous zooplankton, meso- and bathype-
lagic fish in turn play an important role as an interme-
diate link between primary consumers and predators
of the highest trophic level [18, 42], thereby ensuring
the stability of Antarctic ecosystems by creating alter-
native trophic pathways where krill play a less signif-
icant role. In areas of Antarctica where krill are low
in abundance, pelagic fish communities are the main
contributors to biomass in the upper 1000 m layer in
both oceanic and deep coastal areas under pack ice
[29, 30, 32]. Thus, the study of the species composi-
tion, distribution, and existence conditions of Ant-
arctic ichthyofauna is necessary to predict the impact
of a possible decrease in the number of krill caused by
anthropogenic and/or climatic factors on the trophic
structure of Southern Ocean communities.

The water area around the Antarctic Peninsula, as
well as the boundary area between the Scotia and
Weddell seas, is one of the most studied areas of Ant-
arctica. Despite the large number of studies on various
aspects of the functioning of deep-sea pelagic ecosys-
tems in this region, only a small proportion directly
concern the peculiarities in the distribution and species
composition of pelagic fish communities [36, 40, 43].
Judging from the literature data, in studying the Antarc-
tic ichthyocenes in these areas, in addition to adult fish,
much attention was paid to the species composition and
abundance of early pelagic stages of notothenias from
by-catches of Antarctic krill trawls [6, 23, 24]. In this
case, as a rule, the upper 200–400 m layer was catched,
which led to significant underestimation of the contri-
bution of mesopelagic species. Often, information on
the composition of fish communities in the area is given
together data on macrozooplankton [12, 29, 30, 35],
which greatly complicates their interpretation and
comparison. Earlier studies have established the com-
position and general patterns of distribution of species
belonging to pelagic ichthyocenes [10]. It has been
shown that the pelagic ichthyofauna above the shelf is
represented mainly by juveniles of demersal notothe-
nias and white-blooded pikes (Notothniidae, Chan-
nichtyidae) and, to a lesser extent, by various stages of
development of mesopelagic species [21, 23, 24],
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while juveniles and adults of mesopelagic species with
a clear dominance in terms of abundance and biomass
of representatives of the families Myctophidae, Bath-
ylagidae, and Paralepididae prevail above the shelf
slope [12, 29, 30, 39]. Only in the area of the western
Antarctic Peninsula, where circumpolar deep waters
reach the shelf, this pattern is violated, contributing to
the removal of mesopelagic fish to coastal areas [13].
In addition to bottom topography, another important
factor governing the structure of communities is lati-
tudinal zoning. With distance from the mainland to
the north, closer to the central part of the Antarctic
Circumpolar Current (ACC), the number and spe-
cies composition of mesopelagic fishes significantly
increase [42].

Our main objective was to study the biodiversity of
deep-sea ichthyocenes and patterns in the distribu-
tion of mass species of pelagic fish in summer in the
Bransfield Strait and little-studied northern part of
Weddell Sea (Powell Basin) depending on water mass
structure.

MATERIALS AND METHODS
The material for this study was collected on

cruises 79 and 87 of the R/V Akademik Mstislav
Keldysh, carried out on January 24–22, 2020, and
January 22–February 12, 2022. The area of work on
both cruises covered Bransfield Strait, the northern
part of the Weddell Sea (Powell Basin), as well as the
area of the South Orkney Islands (waters above the
Orkney Trench and the Laurie Trench) (Fig. 1). To
collect ichthyological materials, an Samyshev–Aseev
modified Isaacs–Kydd nonclosing midwater pelagic
trawl (SAMT) equipped with a 25-m-long double bag
was used; the outer bag was made of knotted nylon
thread of 1-mm-diameter and a mesh size of 50 mm;
the inner bag was made of a nodal mesh with a size of
5 mm and had a end insert from a no. 15 nylon sieve.
The mouth area of the trawl was 6 m2. In total, 16 trawl
stations were completed in 2020, at which 17 samples
were taken, and in 2022, 10 trawl stations, at which
10 samples were taken (Table 1). The catches were
done both in coastal and offshore areas, from 120–0 to
2212–0 m layers at a vessel speed of 3 knots without
long exposure of the trawl at any of the passable depths.
The lower limit of the fishing layer was determined by
readings from a Senti DT temperature and pressure sen-
sor manufactured by Star-Oddyi. The distance traveled
by the vessel between the start and end trawl points was
considered the great circle distance [48] and was calcu-
lated with an Internet calculator [38].

The distance covered by the trawl at each station was
calculated with previously published equations [46].
The volume of filtered water was determined by multi-
plying the mouth area of the trawl by the distance
between the start and end points of the trawling. The
abudance of fish caught in each trawl was calculated
based on the volume of filtered water. The biomass of
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Fig. 1. Stations layout in operations area during cruises 79 and 87 of the R/V Akademik Mstislav Keldysh. , 2020; ♦, 2022; catch
layers shown in color: , 400–0, , 500–0, , 1000–0, , 1500–0, , 2000–0 m.
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caught fish is given in the text for stations where the
corresponding measurements were obtained in 2022,
but it was not taken into account for comparative pur-
poses, since when sampling with nonclosing fishing
gear, its underestimation is inevitable, because the
largest and/or most mobile pelagic fish specimens
evade the trawl [15], such as, e.g., Paralepididae spe-
cies in Antarctic waters. While having a small effect on
the total abundance of fish in the catch, this can lead to
significantly underestimation of the total biomass of the
sample. Initially, the samples were fixed with 2–4%
formalin neutralized by seawater, and then transferred
to 75% ethanol.

Statistical analysis was performed with the software
package PRIMER v. 6 [8]. Data processing was based
on the matrix of species similarity of samples, calcu-
lated with the Bray–Curtis index; the percentage of
species and abundance of fish in the sample were used
as the initial data. To reduce the influence of domi-
nant species, before construction of the similarity
matrix, the data were transformed by extracting the
square root. When statistically analyzing the results,
clustering was done by unweighted pair group method
with arithmetic mean (UPGMA) [41] and ordination
by nonmetric multidimensional scaling (MDS) [28].
To assess the reliability of the clustering results, the
SIMPROF permutation test was performed (999 iter-
ations, p = 0.05). Standardization and data transfor-
mation was not applied.

Information about the hydrophysical parameters of
the medium (temperature and salinity in the water
column) was obtained in the course of vertical sound-
ings. In 2020, an SBE 19plus hydrophysical probe was
used to obtain temperature and salinity profiles; data
from 11 soundings were used. In 2022, hydrological
measurements were carried out using an Idronaut
OCEAN SEVEN 320Plus probe, lowered on a cable-
rope from the surface to the bottom. The data of
34 soundings were used to construct the sections. A total
of five hydrophysical profiles were selected to describe
the structure of waters in 2020 and 2022 (Fig. 2).

RESULTS
Features of the water structure in the study areas. To

describe the hydrophysical conditions in the 2020 sur-
vey area, sections were chosen that passed through the
shelf and central part Powell Basin, as well as the area
of the Philip and South Scotia ridges (Figs. 3, 4).

The hydrological structure of waters at stations in
the southeastern part of the section (stations 6651–
6653, 6656) (Fig. 3) was characterized by the presence
of a 300- to 200-m supercooled upper layer with tem-
peratures of –1.5 to –2°С and relatively low salinity
33.2–34.4 PSU, which was a consequence of summer
melting of the ice cover, which prevented heating of
the surface water layer. On the shelf, this supercooled
layer was located from the surface to the bottom, while
at stations in the central Powell Basin, a layer of rela-
tively warm (0–0.6°C, 34.6 PSU) deep water (WDW)
was located below it, which occupied depths from
about 300 to 1500–1700 m. At stations in the north-
eastern part of the section (station 6607–6610), the
water structure was typical of the Weddell Sea in sum-
mer [2]. In the upper 100–150 m, there was a heated
summer surface layer with a strong vertical tempera-
ture gradient. Below it, at a depth of about 200 m,
there was a summer cold intermediate layer (CIL) with
a subsurface temperature minimum with values of
about –0.5°С (Fig. 3). Then, there was a layer of warm
deep water with a temperature of up to 0.6°C at a depth
of about 500 m; farther towards the bottom, the tem-
perature decreased. At stations in the northwestern
part of the study area (stations 6601, 6602) (Fig. 4), a
slightly different hydrophysical pattern was observed:
OCEANOLOGY  Vol. 63  No. 4  2023
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Table 1. Location of stations at which SAMT samples were taken on cruises 79 and 87 of R/V Akademik Mstislav Keldysh
in January–February 2020 and 2022

Station 
no. Date Start coordinates

S; W
End coordinates

S; W Sample no. Catch layer, 
m

Volume of filtered 
water, m3

6597 24.01.2020 60°52′58″; 53°54′15″ 60°53′22′′; 53°52′52′′ 1 507–0 30886

6601 25.01.2020 60°51′40′′; 51°34′19′′ 60°54′25′′; 51°20′37′′ 2 1432–0 80460

6601 25.01.2020 60°56′01′′; 51°13′01′′ 60°56′57′′; 51°08′02′′ 3 305–0 28920

6607 28.01.2020 61°43′30′′; 48°48′47′′ 61°41′04′′; 48°47′01′′ 4 1752–0 92400

6614 29.01.2020 60°53′20′′; 45°32′30′′ 60°53′28′′; 45°33′28′′ 5 120–0 5460

6617 31.01.2020 61°06 ′24′′; 49°41′12′′ 61°06′24′′; 49°28′48′′ 6 2212–0 66840

6619 01.02.2020 62°22′34′′; 53°15′54′′ 62°18′54′′; 53°09′04′′ 7 1100–0 54060

6648 13.02.2020 63°29′47′′; 56°31′21′′ 63°31′58′′; 56°27′17′′ 8 650–0 31680

6651 15.02.2020 62°32′27′′; 53°33′54′′ 62°35′55′′; 53°33′43′′ 9 505–0 38640

6653 16.02.2020 62°25′21″; 52°31′37′′ 62°27′10′′; 52°15′55′′ 10 1626–0 83580

6655 17.02.2020 62°28′46′′; 50°57′07′′ 62°17′58′′; 50°52′11′′ 11 2143–0 123060

6684 21.02.2020 60°38′53′′; 50°21′21′′ 60°35′20′′; 50°27′29′′ 12 1153–0 51900

6685 22.02.2020 60°21′16′′; 49°25′51′′ 60°19′15′′; 49°11′26′′ 13 2062–0 82740

6686 22.02.2020 60°32′03′′; 48°48′06′′ 60°32′35′′; 48°37′57′′ 14 1318–0 56040

6687 22.02.2020 60°20′55′′; 48°35′12′′ 60°21′14′′; 48°29′10′′ 15 634–0 33480

6688 22–23.02.2020 60°21′29′′; 48°27′17′′ 60°21′16′′; 48°04′39′′ 16 1765–0 124980

6690 24.02.2020 59°47′24′′; 50°25′32′′ 59°41′37′′; 50°38′27′′ 17 1400–0 97080

7300 22.01.2022 62°28′43′′; 58°12′30′′ 62°26′19′′; 58°21′23′′ 18 1160–0 53004

7302 23.01.2022 62°45′46″; 58°15′10″ 62°48′10′′; 58°09′30′′ 19 440–0 32892

7331 28.01.2022 63°25′31″; 56°39′42″ 63°27′52′′; 56°35′19′′ 20 590–0 32114

7344 30.01.2022 62°58′8″; 52°35′51″ 62°56′13′′; 52°29′14′′ 21 550–0 39559

7358 02.02.2022 61°48′36″; 55°39′22″ 61°44′'16′′; 55°25′24′′ 22 1000–0 87896

7362 05.02.2022 61°15′26″; 50°43′11″ 61°14′10′′; 50°26′18′′ 23 1700–0 90896

7367 07.02.2022 61°14′53″; 47°26′50″ 61°09′37′′; 47°20′37′′ 24 1500–0 67339

7378 10.02.2022 60°35′58″; 42°11′32″ 60°38′47′′; 41°54′39′′ 25 1520–0 97452

7383 11.02.2022 16°03′57″; 46°41′03″ 16°12′32; 46°41′03′′ 26 1750–0 99119

7385 12.02.2022 60°13′41″; 44°58′22″ 60°14′8′′; 45°16′21′′ 27 1900–0 99564
water coming from the western part of Weddell Sea
together with drift ice and a large number of icebergs
(Weddell Sea shelf water) underwent mixing on under-
water rises due to internal waves generated by tidal cur-
rents. As a result, a weakly stratified vertical structure
formed, where the deep temperature maximum was
not pronounced.
OCEANOLOGY  Vol. 63  No. 4  2023
In January 2022, the distribution of the main
hydrophysical characteristics in the Powell Basin also
generally corresponded to the long-term average [34]
and differed from 2020 only by more pronounced
heating of the surface layer, facilitated by the absence
of melting ice and retreat of the ice edge south of the
2020 boundary. Three layers can be distinguished in
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Fig. 2. The layout of hydrophysical transects in 2020 (a) and 2022 (b) ( , hydrophysical stations; (1) transect through Powell
Basin; (2) transect above the underwater rises of Powell Basin; (3) transect through shelf of Antarctic Peninsula, deep-water part
of Powell Basin, and South Orkney Plateau; (4) Bransfield Strait; (5) Antarctic Strait).
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Fig. 3. Temperature and salinity distribution in study area on transect through shelf and deep-water part of Powell Basin in 2020
(AASW, Antarctic Surface Water; WDW, warm deep water; CIL, cold intermediate layer).
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the section: the upper layer, 20 to 100 m, was occupied
by Antarctic surface water that formed during summer
heating. The temperature increased from south to
north, from 0.5 to 2°C. The salinity distribution con-
tained local minima, probably associated with the
melting of ice; the values were mostly within 34.40–
34.50 PSU. Below was a cold intermediate layer
(CIL), the result of winter convection; its thickness
varied from 50 to 150 m (Fig. 5). The minimum poten-
tial temperatures were observed at slope stations (sta-
tions 7345–7348) and reached –1.69°C, while salinity
gradually increased with depth without significant gra-
dients. Starting from a depth of 200 m, in the central
deep part of the Powell Basin, warm deep water was
observed, well defined by the zero isotherm [5, 31], cor-
responding to a salinity of 34.70 PSU. The rise of the
temperature and salinity contours in the central part of
the Powell Basin was facilitated by cyclonic circulation
there.
In 2022, in the Bransfield Strait, a typical thermo-
haline water structure was observed for this area [20,
27, 44]: most of the strait was occupied by cold, saline,
with a negative temperature, modified Weddell Sea
water (TWW). At the same time, warm and desali-
nated modified Bellingshausen Sea water (TBW) also
spread in a narrow jet along the South Shetland
Islands with the Bransfield Current, which also
entered the middle of the strait in the upper 50 m layer
(Fig. 6). The lower part of the Bransfield Current jet
was modified circumpolar deep water (mCDW),
warmer and saltier, with a core at a depth of 300 m.

The section through the Antarctic Sound (Fig. 7.)
was characterized by a decrease in temperature and
salinity from north to south. The northern shallow
part of the strait (stations 7324, 7325) was probably
filled with water from the Bransfield Strait, which had
a higher potential temperature, with a maximum of –
OCEANOLOGY  Vol. 63  No. 4  2023
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Fig. 4. Temperature and salinity distribution on transect above underwater rises in northern Powell Basin in 2020 (abbreviations
same as in Fig. 3).
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Fig. 5. Temperature and salinity distribution on transect through Powell Basin (1), South Orkney Plateau (2), and Orkney Trench
(3) in 2022. (abbreviations same as in Fig. 3; SW, shelf water).
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0.10°C in the upper 60 m layer. Increased water salin-
ity was also observed here, only, in contrast to the tem-
perature, its maximum was in the bottom layer,
amounting to 34.55 PSU at depths of about 150 m.
The deep-water central part of the strait was affected
by water from the Weddell Sea with a lower tempera-
ture and relative desalination due to ice melting in the
upper 100 m layer.

SAMT catches in different operations sites. The
collection of juvenile and adult fish caught by SAMT
in 2020 and 2022 included 901 specimens, in total
belonging to 19 species from 10 families (Table 2).
OCEANOLOGY  Vol. 63  No. 4  2023
As a result of cluster analysis of the collected mate-
rials, including the SIMPROF permutation test, four
main groups of samples (A, B, C, and D) were identi-
fied at a similarity level of 4.7 (π = 7.0, p = 0.001),
29.3 (π = 3.3, p = 0.009) and 41.6% (π = 2.5, p = 0.032);
at a higher level, no statistically significant data struc-
ture was observed (Fig. 8).

Graphically, all selected groups on the MDS dia-
gram are represented as a cluster of points, or individ-
ual points, which, nevertheless, are well separated
from each other (Fig. 9).
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Fig. 6. Temperature and salinity distribution on transect through Bransfield Strait in summer 2022 (TBW, Transitional Zonal
Water with Bellingshausen influence; TWW, Transitional Zonal Water with Weddell Sea influence; mCDW, modified Circum-
polar Deep Water.
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Fig. 7. Temperature and salinity distribution on transect through Antarctic Strait in summer 2022.
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The samples of group A encompassed the vast
majority of ichthyological collections acquired in
summer 2020 and 2022 in deep-water areas of the
Powell Basin in the Weddell Sea, as well as above the
trenches and underwater uplifts bordering this basin
from the northwest and northeast. Materials were col-
lected at 17 stations at layers from 634–0 (station 6687)
to 2212–0 m (station 6617). In total, 718 specimens of
juvenile and adult fish were caught here in the pelagic
zone, belonging to 12 species from 6 families. The
largest number of taxa were recorded in the mesope-
lagic family Myctophidae, where a total of 7 species
were noted in the study area (Electrona antarctica,
Gymnoscopelus braueri, G. opisthopterus, G. nicholsi,
Krefftichthys andersoni, Protomyctophum bolini, and
P. choriodon) (Fig. 10), or 58% of the total number of
caught species. Each of the five other families
recorded in deep water in the Powell Basin and adja-
cent waters (Bathylagidae, Gonostomatidae, Sco-
pelarchidae, Paralepididae, Macrouridae) were repre-
sented by only one species in the collections (Table 2).
Catch values at stations in the area of the Powell
Basin and deep-water trenches and seamounts fring-
ing its northern part varied from 41.8 (station 7362) to
OCEANOLOGY  Vol. 63  No. 4  2023
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Table 2. Abundance of specimens of juvenile and adult fish in SAMT catches on cruises 79 and 87 of R/V Akademik
Mstislav Keldysh in January–February 2020 and 2022

Station no. 6601 6607 6617 6619 6597 6651 6648 6653 6655 6684 6685 6686

Family/species

Bathylagidae

Bathylagus antarcticus 22 11 7 23 20 7 3 7 11

Bathydraconidae

Bathydraco marri

Racovitzia cf. glacialis 1

Channichthyidae

Cryodraco antarcticus

Chaenodroco rastrospinosus

Champsocephalus gunnari 6 1

Gonostomatidae

Cyclothone microdon 9 7 4 2 13 6 3 12 1

Liparidae

Paraliparis cf. gracilis 2

Paraliparis sp.

Macrouridae

Cynomacrurus pirei 1 1

Macrouridae gen. sp.

Myctophidae

Electrona antarctica 13 5 4 11 5 3 4 11 7 8 9

Gymnoscopelus braueri 4 1 1 4 1

G. nicholsi 2

G. opisthopterus 3 1 4 2 3 2 8 1 1

Gymnoscopelus sp.

Krefftichthys andersoni

Protomyctophum bolini 2

P. choriodon 1

Protomyctophum sp.

Notothenidae

Pleuragramma antarctica 15

Paralepididae

Notolepis coatsorum 4

Scopelarchidae

Benthalbella elongata 1 1
OCEANOLOGY  Vol. 63  No. 4  2023
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Station no. 6687 6688 6690 7300 7302 7331 7344 7358 7362 7367 7378 7383 7385

Family/species

Bathylagidae

Bathylagus antarcticus 1 15 21 10 20 10 17 7

Bathydraconidae

Bathydraco marri

Racovitzia cf. glacialis

Channichthyidae

Cryodraco antarcticus 1

Chaenodroco rastrospinosus 3

Champsocephalus gunnari

Gonostomatidae

Cyclothone microdon 1 15 6 3 4 6 6 5

Liparidae

Paraliparis cf. gracilis

Paraliparis sp. 5

Macrouridae

Cynomacrurus pirei

Macrouridae gen. sp. 1

Myctophidae

Electrona antarctica 11 16 14 16 21 1 24 10 3 25 21 28

Gymnoscopelus braueri 10 8 3 3 3 4 3 2 1 4 7 14

G. nicholsi 2 1 1 1

G. opisthopterus 1 11 1 2 3 2 1 2 1

Gymnoscopelus sp. 2

Krefftichthys andersoni 1 1 3

Protomyctophum bolini 1

P. choriodon

Protomyctophum sp. 1

Notothenidae

Pleuragramma antarctica 26

Paralepididae

Notolepis coatsorum 2 1 1 13 17 10 7

Scopelarchidae

Benthalbella elongata

Table 2. (Contd.)
OCEANOLOGY  Vol. 63  No. 4  2023



SPATIAL STRUCTURE OF DEEP-SEA PELAGIAL ICHTHYOCENES 583

Fig. 8. Results of cluster analysis of SAMT samples in operations area during cruises 79 and 87 of R/V Akademik Mstislav Keldysh
in summer 2020 and 2022. A, B, C, D are significant (p = 0.05) groups of samples identified by the SIMPROF test. (A, Powell
Basin and waters above trenches and underwater rises bordering its northern part; B, Bransfield Strait and adjacent waters in zone
of influence of Bransfield Current; C, Antarctic Strait; D, shelf water in western Powell Basin
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Fig. 9. MDS diagram with results of station ordination based on species composition and abundance of deep-sea fish caught by
SAMT in study area during cruises 79 and 87 of R/V Akademik Mstislav Keldysh in summer 2020 and 2022: ovals, main ichthyo-
cenes of meso- and bathypelagial, identified at similarity level of 10%; 2D stress, 0.1; for the rest, see notation in Fig. 8.
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123.5 (station 7385) sp./100 m2 (Fig. 11). All successful
trawls were carried out inthe layers from 634–0 to
2143–0 m. It should be noted that in the catches of two
shallow-water trawls at depths of 305–0 (station 6601)
and 120–0 m (station 6614), juvenile and adult fish were
completely absent. The number of deep-sea fish caught
at stations in the central deep-water basin of the Powell
Basin, as well as near its western and eastern slopes (sta-
tions 6607, 6617, 6619, 6653, 6655, 7362, 7367) was
41.8–84.4 (average 63.5) sp./100 m2, whereas in trawl
catches at stations in the northern part of the Weddell
Gyre, above deep-sea trenches and seamounts (sta-
tions 6601, 6684, 6685, 6686, 6687, 6688, 6690, 7378,
7383, 7385), their abundance was noticeably higher,
between 49.4 and 123.5 sp./100 m2, 84.1 sp./100 m2, on
average. Data for 2022 on the biomass of deep-sea
fish from SAMT catches in the Powell Basin and
adjacent waters showed that it varied between 369.3
OCEANOLOGY  Vol. 63  No. 4  2023
(station 7378) and 942.1 (station 7383) g/100 m2 (on
average, 684.7 g/100 m2). No significant differences
were found in the biomass of deep-sea fishes in differ-
ent parts of this study area. The most abundant in
catches were two mesopelagic species, Electrona ant-
arctica (Myctophidae) and Bathylagus antarcticus
(Bathylagidae) (Fig. 12). The total share of the first
and second species in SAMT catches in summer 2020
and 2022 was about 55% in terms of abundance and in
terms of biomass - 53%. These species were encoun-
tered at almost all stations, except for the shallowest
ones and/or those in the coastal shelf zone; they had a
similar distribution pattern throughout the studied
water area.

Group B includes all stations from the Bransfield
Strait and northwestern part of the shelf and slope of
the Antarctic Peninsula. Trawl operations in the
Bransfield Strait and adjacent waters were carried out
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Fig. 10. Ratio of the dominant pelagic fish taxa in SAMT
catches in study area on cruises 79 and 87 of R/V Akademik
Mstislav Keldysh in summer 2020 and 2022, in groups of
samples identified by cluster analysis from different
regions of the studied water area. See Fig. 11 for notation.
((1) Bathylagus antarcticus; (2) Electrona antarctica; (3) Noto-
lepis coatsorum; (4) Gymnoscopelus braueri; (5) G. opistho-
pterus; (6) Pleuragramma antarctica; (7) Cyclothone micro-
don; (8) Champsocephalus gunnari; (9) other).

100

B A C D
Work area

90
80

60
50
40
30
20
10
0

70

1 2 3 4 5 6 7 8 9

Sp
ec

ie
s f

ra
ct

io
n,

 %
in summer 2020 and 2022 at five stations encompass-
ing catch depths between 400–0 and 1160–0 m. A total
of 119 specimens of 10 species from 4 families were
caught here. Lanternfish (Myctophidae) were repre-
sented by the largest number of taxa in the study area,
which included six species, or 60% of the total number
of species in catches, while caught specimens of all
other families were represented by one (Paralepididae,
Bathylagidae) or two species (Channichthyidae); their
Fig. 11. Distribution of total abundance of pelagic fish based on
79 and 87 of R/V Akademik Mstislav Keldysh (colored areas ar

,A; , B; , C; , D; numbers, abundance: (1) 10; (2) 50; (
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50� 55�
total share in catches was 40% at the study area. Deep-
sea fish catches in the area of the Bransfield Strait var-
ied at different stations from 13.0 (station 6597) to
87.5 sp./100 m2 (station 7358) (see Fig. 11); moreover,
at the 440–550–0 m trawling layers, the number of
fish in catches was slightly less than at the deeper water
layers of 1160–1000–0 m: 13.0–33.8 (21.4 on average)
and 46.2–87.5 (66.9 on average) sp./100 m2 respec-
tively. The available data for 2022 on the biomass of
deep-sea fish from SAMT catches in this study area
also demonstrated similar trends: in shallow-water
trawls spanning the 440–550–0 m layers, the catch
biomass was 131.5–386.7 g/100 m2, and in deep-sea
trawls at layers 1160–1000–0 m, it was 455.6–
1703.0 g/100 m2. The most common deep-sea fish
species in group B trawls were two species of lantern-
fish—Electrona antarctica and Gymnoscoplus braueri—
found in this study area in each sample. The abundance
of these species was 8.2–35.2 (average 22.0) and 1.6–
7.5 (average 4.4) sp./100 m2, respectively

Group C included trawl collections in 2020 and
2022, made in the Antarctic Strait separating the Join-
ville Islands from the northeastern tip of the Antarctic
Peninsula, at two stations (6648 and 7331) with trawl-
ing layers of 650–0 and 590–0 m. The species compo-
sition of fish in the catches was somewhat poorer than
in the Bransfield Strait. In total, 55 specimens of juve-
niles and adult fish of seven species from five families
were caught here; mesopelagic fish were virtually
absent in catches and only one specimen was repre-
sented: Electrona antarctica (Myctophidae). All other
fish from the catches (86%) belonged to species endemic
to Antarctic waters from the families Bathydraconidae,
Channichthyidae, and Nototheniidae, or to highly
specialized species (family Liparidae) well adapted to
the existence conditions at low and even negative tem-
peratures. Deep-sea fish catches in the Antarctic Strait
OCEANOLOGY  Vol. 63  No. 4  2023

 results of SAMT catches in different study areas during cruises
e identified by cluster analysis of species composition of catch:
3) 100 sp./100 m2).

50� 45�

1

W    

2

3



SPATIAL STRUCTURE OF DEEP-SEA PELAGIAL ICHTHYOCENES 585

Fig. 12. Distribution of Electrona antarctica (a) and Bathylagus antarcticus (b). ((1) 0; (2) 10; (3) 20; (4) 50 sp./100 m2).
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varied between 32.3 and 64.8 sp./100 m2, and the bio-
mass at the only station where measurements were
taken (station 7331) was 2120.6 g/100 m2. The domi-
nant position in catches in the Antarctic Strait was
occupied by the Antarctic silverfish Pleuragramma
antarcticum (Nototheniidae), whose shares in abun-
dance and biomass were 72–79 and 78%, respectively.

Group D included a single sample (station 6651)
collected on a relatively shallow shelf in the western
Powell Basin at depths of 505–0 m. The catch was very
poor both in species composition and abundance. In
total, at the station 9 specimens of fish were caught,
belonging to 2 species from 2 families: mackeral white-
fish Champsocephalus gunnari (Channichthyidae) and
Antarctic lanternfish Electrona antarctica (Myctophi-
dae). Moreover, only the latter species can be
attributed to proper mesopelagic species. The total
number of fish in the catch was 14.3 sp./100 m2, of
which 67% were Champsocephalus gunnari. Initially, it
seems that the considered station should instead be
assigned to group B (based on the location, presence
of myctophids, and absence of cyclothones and bath-
ylagids). However, the small number of species (two in
OCEANOLOGY  Vol. 63  No. 4  2023
all) and dominance of mackeral whitefish forced the
program’s algorithm to place it in a separate cluster
supported by statistically significant differences.

DISCUSSION

The results of processing our materials show that
the pelagic ichthyocenes in the waters south of the
southern boundary of the ACC and Scotia Front,
which separate the waters of the Scotia and Weddell
seas, are rather poor in biodiversity, but often numer-
ous (due to the high abundance and biomass of domi-
nant species) communities, both relatively shallow-
water, endemic to the Antarcti shelf and slope, repre-
sentatives of the families Bathydraconidae, Channich-
thyidae, Liparidae, Nototheniidae, and deeper meso-
and bathypelagic fishes, mostly consisting of species
of the family Mycthophidae, Bathylagidae, Gonos-
tomatidae, Paralepididae, and Scopelarchidae. Their
habitats were mainly localized in the water column
above trenches and deep-water basins in the northern
Weddell Sea. The data obtained agree well with earlier
studies of pelagic Antarctic ichthyofauna [9, 19, 42, 47].
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The study of the taxonomic composition, abundance,
and nature of the spatial and vertical distribution of
pelagic fish communities in different regions of the
studied water area, in our opinion, shows their close
relationship with the hydrophysical characteristics and
structure of the water masses in these areas. Indeed,
the deep-water communities of meso- and bathype-
lagic fish, observed mainly in the central abyssal basin
and surrounding periphery of the Powell Basin, as well
as partly in the deep-water area of the Bransfield
Strait, in summer are apparently closely associated
with the warm layer (0–0.6° C, 34.6 PSU) of deep
water (WDW) occupying layers from about 300 to
1500–1700 m. As well, mesobathipelagic fish appar-
ently reach their maximum abundance at layers below
400 m; in the overlying layers, only their larval stages
are present, while juveniles and sexually mature spec-
imens, judging from our data, are either very few or
completely absent. The natural limiting environmen-
tal factor in the Powell Basin and the deep parts of the
Bransfield Strait, preventing the penetration of meso-
and bathypelagic fish into shallower layers, is the pres-
ence here of a supercooled, formed as a result of winter
convection, overlying water layer 200–300 m thick a
with a temperature of –1.5 to –2°С and relatively low
salinity of 33.2–34.4 PSU. Deep-sea fish may avoid
waters with similar characteristics and/or are only ran-
domly introduced into them. In the upper 20–100 m
layer, occupied by warm and relatively desalinated
Antarctic Surface Water (AASW) formed during sum-
mer heating, there are only a few larvae of mesopelagic
fish, mainly of the family Paralepididae [1]. Moving
within the Powell Basin from south to north to the area
of the South Scotia Ridge and deep-sea trenches serv-
ing as a natural boundary separating waters of the
Weddell and Scotia seas, the species composition and
abundance of deep-sea fish communities becomes
somewhat higher. At stations near the northern
boundary of the Powell Basin, the number of caught
species and average abundance of mesobathypelagic
fish were higher than at stations above its central part
and western and eastern slopes (respectively, on aver-
age, 11 vs. 7 species and 63.5 vs. 84.1 sp./100 m2). In
addition, at stations in the central part of the basin,
compared to its northern part, Bathylagus antarcticus
noticeably dominated in catches(average 40 vs. 24%
of the total number of fish in the catch, or 28.8 vs.
20.2 sp./100 m2), and the number Electrona antarctica,
on the contrary, was noticeably smaller (average 25 vs.
33% or 12.9 vs. 27.4 sp./100 m2). The collections on the
slopes and in the central part of the Powell Basin also
lacked such mesobatypelagic fish species as Gymno-
scopelus nicholsi, Krefftichthys andersoni, Protomyc-
tophum choriodon, Protomyctophum bolini, and Ben-
thalbella elongata. According to earlier data, the largest
values of primary production, biomass and species
composition, and phyto- and zooplankton were
observed on the northern periphery of the Powell
Basin, and the minimum values were observed in the
area of its abyssal basin. The high abundance and
diversity of zooplankton communities in this area,
which exceed those in other studied areas by five to ten
times, indicates that this water area is an important
feeding ground for various Antarctic plankton-eating
species, from fish to whales [1]. The increased biodi-
versity of deep-sea fish communities along the north-
ern boundary of the Weddell Sea may also be due to
the fact that only a minority of meso- and bathype-
lagic fish species, such as Electrona antarctica, Bath-
ylagus antarcticus, and Notolepis coatsorum, com-
pletely passes through its life cycle in the Weddell Sea,
while most species noted here exist only as expatriates
in Antarctic waters, which for them, in this case, can be
considered as a sterile removal zone, where adults can-
not spawn and eggs and larvae not undergo develop-
ment and metamorphosis [9, 11, 37, 39]. Such species
usually do not achieve a high abundance, since the
local population is replenished only by the introduc-
tion of juveniles or mature individuals from outside.
Approaching the boundaries separating waters of dif-
ferent origin, the number of such expatriate species
should increase, while their role in the ecosystem
should increase. Judging from the results of our stud-
ies, the fish communities observed in the Antarctic
Strait and on the relatively shallow shelf of the Antarc-
tic Peninsula differ radically in their taxonomic com-
position and abundance from those of deeper water
areas of the studied water area. Apparently, they are
also determined by the hydrophysical parameters of
the medium and structure of the water masses occupy-
ing these areas of the sea. In our opinion, the presence
in these areas in the Southern Hemisphere’s summer
period of supercooled waters with negative tempera-
tures (–1.5 to –2°С) and relatively low salinity (33.2–
34.4 PSU), occupying almost the entire space from
surface to bottom, is the main reason for the predom-
inance in the pelagial of species that, in the evolution
of the Antarctic ichthyofauna, have developed adapta-
tions to such existence conditions. These are primarily
different species of crocodile icefishes (Channichthy-
idae), Antarctic dragonfishes (Bathydraconidae), cod
icefish (Nototheniidae), and snail fishes (Liparidae).
Some species from these families, such as the Antarc-
tic silverfish Pleuragramma antarcticum, can occupy a
dominant position in the ichthyocenes and attain a
relatively high abundance in catches [33], while the
deeper-water representatives of the “true” mesope-
lagic ichthyofauna appear in them only sporadically,
as single individuals.

CONCLUSIONS
(1) In summer 2020 and 2022, 19 species of juvenile

and adult pelagic fish belonging to 10 families were
recorded in the Bransfield Strait, Antarctic Strait, and
shelf and deep water parts of the Powell Basin.

(2) Analysis of the abundance and biodiversity of
the deep-sea pelagic ichthyofauna made it possible to
OCEANOLOGY  Vol. 63  No. 4  2023
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identify four main ichthyocenes (A, B, C, and D) in
the studied water area, supported by statistically signif-
icant differences and confined, respectively, to the
deep-water regions of the Powell Basin, the Bransfield
Strait, and the northwestern part of the shelf and slope
of the Antarctic Peninsula, to the Antarctic Strait, as
well as to the deep-water shelf of the western part of
the Powell Basin.

(3) Deep-sea pelagic ichthyocenes in the waters
south of the southern boundary of the Antarctic Cir-
cumpolar Current and the Scotia Front, are quite poor
in biodiversity, but often numerous (due to the high
abundance and biomass of dominant species) commu-
nities. They include as relatively shallow, endemic for
the shelf and slope of Antarctica, representativesof the
families Bathydraconidae, Channichthyidae, Lipari-
dae, Nototheniidae, as well as deeper meso- and bat-
hypelagic fishes, mostly consisting of species of the
families Mycthophidae, Bathylagidae, Gonostomati-
dae, Paralepididae, and Scopelarchidae.

(4) The study of the taxonomic composition, abun-
dance, and nature of the horizontal and vertical distri-
bution of the identified pelagic fish communities in
different regions of the studied water area demon-
strated their close relationship with the hydrophysical
characteristics and structure of the water masses pres-
ent in these areas.
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