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The Kuril Basin and the Kuril-Kamchatka Trench are two interconnected deep-sea
ecosystems both located in one of the most highly productive regions of the world’s
oceans. The main distinguishing features of these deep-sea ecosystems are the
low oxygen concentration in the near-bottom water in the Kuril Basin, and the high
hydrostatic pressure in the trench. We investigated the abundance of meio- and
macrobenthic nematodes and macrofauna on the Kuril Basin floor (depths of 3,300-
3,366 m) and in the Kuril-Kamchatka Trench area (depths of 3,432-9,539 m), as well as
the influence of some environmental factors on the quantitative distribution of bottom
fauna. This was not studied so far. The study also focused on the species composition
and quantitative distribution of Polychaeta and Bivalvia, which were dominant in
abundance among macrofaunal samples. The main factors influencing the quantitative
distribution of macrofauna and nematodes were depth, oxygen concentration, and
structure of bottom sediments. The Kuril Basin bottorn communities are characterized
by a high abundance of nematodes and macrofauna, a high species richness of
polychaetes, and a pronounced dominance of small-sized species of Polychaeta and
Bivalvia, which are probably more tolerant to low oxygen concentrations. Compared
to the Kuril Basin, the Kuril-Kamchatka Trench area (at depths of 3,432-5,741 m) had
a more diverse and abundant macrofauna, and a very high abundance of meio- and
macrobenthic nematodes. In the trench (at depths more than 6,000 m), the diversity
of macrofauna and the abundance of macrobenthic nematodes decreased, while the
abundance of macrofauna increased with increasing depth. On the trench floor, the
macrofaunal abundance was highest due to the high density of populations of several
bivalve and polychaete species, apparently adapted to the high hydrostatic pressure on
the trench floor. Obviously, the high primary production of surface waters supports the
diverse and abundant deep-sea bottom fauna in the studied areas of the northwestern
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Pacific. Furthermore, a large number of animals with chemosynthetic endosymbiotic
bacteria were found in the bottomm communities of the Kuril Basin and the Kuril-
Kamchatka Trench. This suggests a significant contribution of chemosynthetic organic
carbon to functioning of these deep-sea ecosystems.

Keywords: abundance, macrofauna, nematodes, polychaetes, bivalves, abyssal, hadal

INTRODUCTION

The abyssal and hadal zones of the world’s oceans (with depths
greater than 3,000 m) occupy more than 50% of Earth’s surface
(Smith et al., 2008; Ramirez-Llodra et al., 2010) and include deep
basins of seas, vast oceanic plains, canyons, and trenches. These
deep-sea regions support ecosystems with unusually high levels
of diversity and, in many cases, abundance of bottom animals
(Hessler and Sanders, 1967; Belyaev, 1989; Allen and Sanders,
1996; Rex et al., 2005; Danovaro et al., 2014; Jamieson, 2015).
Deep, marginal, semi-enclosed seas and ocean trenches differ
greatly in their geomorphology, structure of bottom sediments,
hydrological and hydrochemical characteristics of the near-
bottom water from the vast abyssal plains that occupy a larger
part of the ocean floor (Ushakov, 1953; Belyaev, 1989; Ramirez-
Llodra et al., 2010; Danovaro et al., 2014; Tyler et al., 2016). The
specific environmental conditions in ocean trenches and deep
marginal seas largely affect the abundance, species composition,
distribution, and adaptation of bottom animals living in deep-sea
habitats (Ushakov, 1953; Savilov, 1961; Belyaev, 1989; Danovaro
et al., 2010; Jamieson, 2015; Oug et al., 2017; Brandt et al., 2018,
2019; Mironov et al., 2019a). However, the abundance, species
diversity and distribution of bottom animals in deep-sea basins
of seas and oceanic trenches, as well as the factors responsible
for the composition and distribution of their abyssal and hadal
communities, are still very poorly understood (Belyaev, 1989;
Jamieson et al.,, 2010; Ramirez-Llodra et al., 2010; Tyler et al,,
2016; Howell et al., 2021).

The Sea of Okhotsk, separated from the Pacific Ocean by the
Kuril Islands, is one of the largest deep-water marginal seas. The
Kuril Basin, with its depths greater than 3,000 m, is located in
the deepest, southeasternmost part of the sea (Glukhovsky et al.,
1998). The Sea of Okhotsk is characterized by a very high level of
primary production in the spring-summer period and has a low
oxygen water layer (0.8-1.3 ml 1!, 12-18% saturation) in central
part of the sea in depths of 750-1,500 m (Ushakov, 1953; Terziev,
1996). This layer is formed by the oxidation of a significant
amount of organic matter produced in the surface layer. Deeper
than 1,500 m, the oxygen concentration of water in the Sea of
Okhotsk increases due to the influx of more oxygenated deep-
sea oceanic waters entering through the deepest Kuril straits. As
a result, the oxygen concentration in the water near the floor
of the Kuril Basin (at depth more than 3000 m) fluctuates in
the range of 1.6-1.9 ml 171 (22-27% saturation) (Terziev, 1996).
Thus, bottom animals of the abyssal zone of the Sea of Okhotsk
are exposed to permanent oxygen deficiency in the near-bottom
layer of water (Ushakov, 1953; Savilov, 1961; Terziev, 1996), in
contrast to the well-oxygenated bottom waters of the oceanic
abyssal plains (Smith et al., 2008).

The species composition and the structure of bottom
communities in the shelf zone of the Sea of Okhotsk have
been sufficiently studied (Ushakov, 1953; Savilov, 1961; Kafanov
et al, 2003). However, the analysis of the abundance and
quantitative distribution of the abyssal macrofauna of the Kuril
Basin was based on only three quantitative samples collected with
a Petersen grab (sampling area 0.25 m?) at depths of more than
3,000 m in 1949-1954 (Savilov, 1961). Thus, the composition
and abundance of abyssal macrofauna of the Kuril Basin is still
poorly studied, and the abundance and quantitative distribution
of meiofauna have remained completely unexplored (Ushakov,
1953; Savilov, 1961).

The Kuril-Kamchatka Trench with a maximum depth of
9,600 m is one of the deepest in the world (Vasiliev et al,
1978; Belyaev, 1989; Dreutter et al., 2020; Jamieson and Stewart,
2021). It is separated from the deep-sea basin of the Sea of
Okhotsk by the Kuril Ridge, which forms the chain of the Kuril
Islands (Glukhovsky et al., 1998). These two deep-sea ecosystems
differing in bottom topography, depth, many characteristics
of bottom sediments and water masses, are interconnected by
numerous straits between the Kuril Islands, with a maximum
depth of 2,318 m in the Bussol Strait (Glukhovsky et al., 1998). In
contrast to the abyssal fauna of the Kuril Basin, the hadal fauna
of the Kuril-Kamchatka Trench has been studied much better
(Belyaev, 1989; Shirayama and Kojima, 1994; Kojima et al., 2004;
Sasaki et al., 2005; Itoh et al., 2011; Kitahashi et al., 2012, 2013).
However, in all studies of the bottom communities in the Kuril-
Kamchatka Trench, the major focus was on the morphology and
anatomy of new taxa, the species composition of the bottom
fauna, the spatial and vertical distribution of species, and faunal
relationships with other deep-sea regions of the Pacific Ocean
(Zenkevitch et al.,, 1955; Filatova, 1971; Belyaev, 1989; Sasaki
etal., 2005; Okutani et al., 2009). Over the entire period of study,
only five quantitative macrofaunal samples were collected from
the trench slopes using an Okean grab (sampling area 0.25 m?),
of them, four were from depths of 6,000-7,000 m and only one
from a depth of 8,355 m (Belyaev, 1989). Thus, the deepest
part of the Kuril-Kamchatka Trench (depths over 9,000 m) has
remained unexplored in terms of the abundance and quantitative
distribution of bottom fauna to date.

Recently, the bottom fauna of the Kuril Basin and the
Kuril-Kamchatka Trench were studied by the Russian-German
SokhoBio (Sea of Okhotsk Biodiversity Studies) expedition
(2015) and the German-Russian KuramBio II (Kurile-Kamchatka
Biodiversity Studies II) expedition (2016). The main goal of
these expeditions was to study the species composition and
distribution patterns of bottom animals, as well as to assess the
faunal relationships in the deep-sea ecosystems of the Sea of
Okhotsk and the Kuril-Kamchatka Trench separated by such
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a natural barrier as the Kuril Islands (Malyutina et al.,, 2018;
Brandt et al., 2019). As a result, numerous species from different
taxonomic groups of animals were described, the composition
of macro- and meiofauna and the patterns of distribution of
the main taxonomic groups of animals were studied, the faunal
relationship and levels of endemism of these deep-sea areas were
estimated (e.g., Adrianov and Maiorova, 2018, 2019; Alalykina,
2018; Brandt et al., 2018, 2019; Chernyshev and Polyakova, 2018,
2019; Fukumori et al., 2018, 2019; Kamenev, 2018a,b, 2019, 2020;
Maiorova and Adrianov, 2018a,b; Malyutina and Brandt, 2018,
2020; Mironov et al., 2018, 2019b; Borisanova and Chernyshev,
2019; Brandao et al,, 2019; Mordukhovich et al., 2019; Schmidt
et al,, 2019; Alalykina and Polyakova, 2020; Maiorova and
Adrianov, 20205 Saeedi and Brandt, 2020). However, the analysis
of the quantitative distribution of macro- and meiofauna in the
Kuril Basin has not been completed, and only preliminary results
of the macrofauna abundance study have been reported for the
Kuril-Kamchatka Trench (Lins and Brandt, 2020).

It should be noted that in the SokhoBio and KuramBio II
expeditions a box corer was used for the first time to study
the quantitative distribution of macrofauna of the deep-sea
ecosystem in the Sea of Okhotsk and the Kuril-Kamchatka
Trench. The box corer was shown to be a much more efficient
gear for collecting quantitative samples of deep-sea macrofauna
compared to the Petersen and Okean grabs (Hessler and Jumars,
1974; Jumars and Hessler, 1976; Filatova, 1982; Belyaev, 1989).
In recent years, the composition, abundance, and distribution of
meiofauna in the hadal zone of the world’s oceans have been most
actively studied on material collected using mainly multicorer
(Shirayama and Kojima, 1994; Danovaro et al., 2002; Gambi et al.,
2003; Vanhove et al., 2004; Itoh et al., 2011; Kitahashi et al., 2012,
2013; Schmidt and Martinez Arbizu, 2015; Leduc et al.,, 2016;
Leduc and Rowden, 2018; Schmidt et al., 2018, 2019; Wang et al.,
2019). Nevertheless, the quantitative distribution of macrofauna
in the hadal zone, as before, remains extremely poorly studied due
to the major problems associated with collection of quantitative
samples using box corer from oceanic trenches with a complex
bottom topography, a wide variety of bottom sediments (from
very dense with small stones and gravel to “liquid” silts), and
great depths (Belyaev, 1989; Jamieson, 2015; Tyler et al., 2016).
The estimation of the macrofaunal abundance based on the
box-corer samples was carried out only in the Aleutian and Izu-
Bonin trenches (one sample each) (Jumars and Hessler, 1976;
Shirayama, 1984). Therefore, the study of the abundance of
macrofauna and the dominant taxonomic groups of animals in
the oceanic trenches still remains one of the most urgent issues
in marine biology.

We hypothesize, that the bottom communities of the Kuril
Basin and the Kuril-Kamchatka Trench are adapted to the specific
habitat conditions in these deep-sea ecosystems. Therefore,
the major objectives of the present study were to: (1) study
the abundance and quantitative distribution of macrofauna,
macro- and meiobenthic nematodes inhabiting the floor of
the Kuril Basin and the slopes and floor of the Kuril-
Kamchatka Trench; (2) identify environmental factors affecting
the taxonomic composition and quantitative distribution of
deep-sea macrofauna and nematodes in studied areas; (3)

investigate the species composition and abundance of polychaetes
and bivalves, as the dominant taxonomic groups of macrofauna
in box-corer samples, and compare their species composition
and quantitative distribution in the abyssal zone of the Sea of
Okhotsk and the abyssal and hadal zones of the adjacent Kuril-
Kamchatka Trench area.

MATERIALS AND METHODS

Sample Collection and Processing

The bottom fauna of the Kuril Basin, the Bussol Strait, and the
abyssal zone of the Pacific slope of the Kuril Islands opposite the
Bussol Strait was studied during the SokhoBio expedition (RV
Akademik M.A. Lavrentyev, cruise no. 71, July 6-August 6, 2015)
(Malyutina et al., 2018; Figure 1). The abyssal and hadal faunas
in the Kuril-Kamchatka Trench area were studied during the
KuramBio II expedition (RV Sonne, cruise no. 250, August 16—
September 26, 2016) (Brandt et al., 2020). Detailed descriptions of
the geomorphology, hydrological regime and bottom sediments
of the Kuril Basin and the Kuril-Kamchatka Trench were given
by Kamenev (2018b, 2019). In both expeditions, an epibenthic
sledge, an Agassiz trawl, and a box corer (with a sampling
area of 0.25 m?) were used for sampling macrofauna. In both
expeditions, one complete sample suitable for studying the
macrofauna abundance was collected using box corer at each
station after several attempts. Also, an additional sample was
collected with box corer at each station to study sediments and
meijofauna in the SokhoBio expedition. To study the meiofauna,
three subcores (with a circular surface area of 88.2 cm?) were
taken with acryl-glass tubes (with the outer diameter of 110 mm
and the inner diameter of 96 mm) from additional box-corer
sample at each station. The upper 5 cm of the sediment from a
subcore were fixed in 4% buffered formalin.

The present work is based only on the results of the
macrofaunal study of 17 satisfactory box-corer samples. From 2
to 5 box-corer samples were taken from the major topographic
environments of the abyssal (depths of 3,000-6,000 m) and
hadal (depth more than 6,000 m) zones of the study area of the
northwestern Pacific: (1) the floor of the Kuril Basin (St. 2-4, 6,
7; depths of 3,300-3,366 m); (2) the upper part of the oceanic
slope of the Kuril Islands opposite the Bussol Strait (St. 9, 10;
3,432 and 4,741 m); (3) the lower part of the oceanic slope of the
Kuril Islands and the abyssal plain adjacent to the trench (St. A3,
A8, A10; 5,144-5,741 m); (4) the upper part of the slopes of the
Kuril-Kamchatka Trench (St. A2, A5, A6; 6,068-7,136 m); (5) the
lower part of the trench slopes (St. A1, A9; 8,221 and 8,251 m); (6)
the floor of the deepest basins (Vityaz Deep 3 and Sonne Deep)
(Dreutter et al., 2020) of the trench (St. A7, A11; 9,492 m and
9,539 m) (Table 1).

The surface area of the box corer was entirely preserved
for macrofauna analysis. Upon lifting the box corer aboard,
the overlying water was siphoned through a 0.3 mm sieve to
prevent surface organisms from escaping; then a photograph of
the sediment surface was taken. All box-corer samples (upper
20 cm of sediments) collected in the SokhoBio expedition were
washed through 1-mm and 500-pm mesh sieves. The KuramBio

Frontiers in Marine Science | www.frontiersin.org

February 2022 | Volume 9 | Article 812464


https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles

Kamenev et al. Deep-Sea Fauna (Northwestern Pacific)

Sea of
Okhotsk

6

45°N

140°E 145°E 150°E 155°E

FIGURE 1 | A map of stations sampled in the abyssal zone of the Kuril Basin (Sea of Okhotsk) and abyssal and hadal zones of the Kuril-Kamchatka Trench area by
the SokhoBio expedition (2015) (red circles) and KuramBio Il expedition (2016) (yellow circles).

TABLE 1 | Position and depth of box-corer samples and environmental data at the stations of the SokhoBio and KuramBio Il expeditions in the Kuril Basin (Sea of
Okhotsk) and the Kuril-Kamchatka Trench area (Pacific Ocean).

Station Sample Station location Date Latitude (N) Longitude (E) Depth (m) Sand Silt Clay Corg (%) Oz (ml 1-1)
(0.063-2.0) (0.004-0.063) (< 0.004)
(%) (%) (%)
SokhoBio expedition (2015)
2 2-3 Kuril Basin, floor 12.07.2015  46°41.07' 147°27.95 3,351 0 53 47 1.56 1.73
3 3-8 Kuril Basin, floor ~ 14.07.2015 46°38.000'  149°59.997/ 3,363 0 46 54 1.45 1.84
4 4-4 Kuril Basin, floor ~ 16.07.2015 47°12.046'  149°36.901/ 3,366 0 67 33 1.18 1.83
6 6-2 Kuril Basin, floor ~ 20.07.2015 48°02.960'  150°00.292’ 3,351 2 55 43 1.24 1.87
7 7-5 Kuril Basin, floor ~ 22.07.2015 46°57.005  151°05.003' 3,300 4 65 31 0.84 No data
9 9-1 Kuril Islands, 27.07.2015 46°16.082"  152°02.060 3,432 2 74 24 1.55 7.7
Pacific slope
10 10-1 Kuril Islands, 27.07.2015 46°06.895  152°13.498 4,741 0 71 29 0.95 7.7
Pacific slope
KuramBio Il expedition (2016)
A8 6 Abyssal plain 18.08.2016 43°49.197"  151° 45.609 5144 25 49 26 1.00 7.7
A10 82 Kuril Islands, 14.09.2016  45°01.363'  151°02.899 5,220 39 36 25 0.30 7.7
Pacific slope
A3 61 Abyssal plain 08.09.2016  45°09.997"  153°45.419 5,741 0 57 43 1.20 7.7
AB 25 Trench, slope 25.08.2016 45°55.235"  152°47.464/ 6,068 1 81 18 1.20 3.8
A2 94 Trench, slope 18.09.2016  44°06.852"  151°25.539 6,531 18 49 33 0.80 3.8
A5 37 Trench, slope 28.08.2016 45°38.604" 152°55.911/ 7,136 1 64 35 1.10 3.8
A9 75 Trench, slope 12.09.2016  44°39.883'  151°28.136 8,221 0 59 41 1.10 3.8
Al 14 Trench, slope 21.08.2016 45°50.879"  153°47.991’ 8,251 0 50 50 1.20 3.8
A7 67 Trench, floor 10.09.2016 45°12.944"  152°42.844' 9,495 0 57 43 1.00 3.8
A1 105 Trench, floor 22.09.2016 44°12.391"  150°36.006" 9,540 0 51 49 1.10 3.8

Sources of environmental data: Sattarova and Aksentov (2018) (content of grain fractions (% sand, % silt, % clay) and organic carbon (total weight (wt%) in the sediment);
Kamenev (2018b) (oxygen (O») concentration in near-bottom water of the Kuril Basin); Brandlt et al. (2015) (oxygen concentration in near-bottom water of the Pacific slope
of the Kuril Islands and the abyssal plain); Smetanin (1958), Arseniev and Leontieva (1970), lvanenkov (1970), and Belyaev (1989) (oxygen concentration in near-bottom
water of the Kuril-Kamchatka Trench).

IT expedition used the standardized methods of sample collection ~ samples were washed through 1-mm, 500-pm, and 300-p.m mesh
and treatment in order to study all size classes of deep-sea bottom  sieves. In the on-board laboratory, all animals were collected
fauna. Therefore, in the KuramBio II expedition all box-corer from the 1,000- and 500-pm fraction and sorted out under
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stereomicroscopes into major taxonomic groups of different
levels (type, class, order), counted, and fixed in pre-cooled non-
denatured 95% ethanol and in a 4% buffered formaldehyde
solution. Subsequently, some taxonomic groups of animals were
transferred to 70% ethanol for permanent storage. The 300-pum
fraction was fixed in pre-cooled non-denatured 95% ethanol.
Groups of animals of different taxonomic levels in our study is
considered as separate taxa.

In most deep-sea studies, macrofauna consisted of animals
retained on a 300-wm sieve. However, it is well known that
washing samples through 300-pm mesh sieves provides a large
number of animals from meiofaunal taxa (e.g., Nematoda,
Harpacticoida, and Ostracoda) (Hessler and Jumars, 1974),
whose many species and life stages easily pass through a
300-um mesh sieve. As a rule, these taxa are overlooked in
analyses of macrofauna taxonomic composition and abundance
(e.g., Hessler and Jumars, 1974; Jumars and Hessler, 1976;
De Smet et al., 2017; Wilson, 2017; Washburn et al., 2021).
However, certain meiofaunal taxa are considered as macrofauna
in some studies, which hampers comparative analysis of these
data (Choi et al., 2004; Yu et al, 2018; Lins and Brandt,
2020). We sequentially washed sediments from the box corer
through sieves with mesh sizes of 1,000 pm, 500 pm, and
300 pm and compared these fractions. The 1,000— and 500-
pm mesh sieves retained almost all macrofaunal animals. Thus,
mainly meiofaunal taxa remained in the 300-wm fraction, with
rare exception of a small number of very young specimens
of animals from macrofaunal taxa. Therefore, macrofauna
in our study is considered as bottom animals retained on
1,000— and 500-pwm mesh sieves. Nevertheless, 1,000— and
500-pm mesh sieves retained a large number of meiofaunal
animals (nematodes, harpacticoids, ostracods, and kinorhynchs),
which we did not take into account in our study (except
for nematodes). Large-sized deep-sea nematodes are known to
be found in large numbers in the macrofaunal size fraction.
Such large nematodes are often considered as one of the
macrofauna components (Sharma and Bluhm, 2011; Sharma
et al., 2011; Gunton et al., 2017). Therefore, in our work we
assessed also the abundance of macrobenthic nematodes from
the same box-corer samples (fraction > 500 pm) collected by
the SokhoBio and KuramBio II expeditions. Polychaetes and
bivalves were identified to species or genus levels, counted,
and stored at the A.V. Zhirmunsky National Scientific Center
of Marine Biology, Far Eastern Branch, Russian Academy of
Sciences. The identified species and morphospecies are referred
herein as species.

In the laboratory, meiofauna samples were washed with tap
water, screened through a 32-um sieve, and centrifuged three
times (at 4,000 rpm, 6 min) in a solution of colloidal silica
(Ludox HS-40). Afterward, meiofauna samples were re-fixed in
a formalin solution and stained with Rose Bengal (0.5 g 17}).
Macro- and meiobenthic nematodes were sorted out manually
under a stereo microscope and counted.

Environmental Data
The following environmental data were used in the analyses
of macrofauna samples: depth (m), O, concentration (ml -

in the near-bottom water, percentage of sand (0.063-2.0 mm),
silt (0.004-0.063 mm), and clay fractions (< 0.004 mm) in
sediments, and total organic carbon (% Corg) (Table 1). Sediment
samples for the study of the grain-size structure and organic
carbon content were collected with a multicorer at the same
stations where box-corer samples had been taken during the
same expeditions. Those samples were analyzed by Sattarova and
Aksentov (2018). Oxygen concentration of the near-bottom water
layer (at a distance of 1 m from the bottom) in the Kuril Basin
was measured with a SBE 19plusV2 SEACAT CTD profiler. The
oxygen concentration ranged within 1.73-1.87 ml 17! (Brandt
et al., 2018; Kamenev, 2018b). Therefore, in our study we used
an average oxygen concentration of 1.8 ml I=! for the stations
sampled in the Sea of Okhotsk. For all stations in the hadal
zone of the Kuril-Kamchatka Trench, we used an average oxygen
concentration of the near-bottom water layer of 3.6 ml 17!, as
inferred from long-term data (Smetanin, 1958; Arseniev and
Leontieva, 1970; Ivanenkov, 1970; Belyaev, 1989). For all abyssal
stations in the area of the Kuril-Kamchatka Trench, we used
an oxygen concentration value of 7.7 ml 171, which is stable at
abyssal depths of 4,865-5,402 m in this area (Brandt et al., 2015).

Statistical Analysis

We have calculated taxon richness (number of identified
taxonomic groups per sample), species richness of polychaetes
and bivalves (number of species per sample), diversity (Shannon
Index, H’) and evenness (Pielou Index, J) (Magurran, 2012) as
well as abundance of macrofaunal taxa, polychaete and bivalve
species, macrobenthic nematodes (ind. m~2) and meiobenthic
nematodes (ind. 10 cm~2) for each sample. Mean values with
standard error (SE) of those indices were calculated for each
depth zone. Statistical differences between the depth zones were
assessed by one-way analysis of variance (ANOVA), post hoc
pairwise comparisons were performed by Tukey’s test. This part
of the analysis was performed using a STATISTICA 13 package
(StatSoft, 2012).

Cluster and non-metric multidimensional scaling (MDS)
analyses were chosen to assess the similarity of species
compositions of polychaetes and bivalves found at different
stations and to identify areas and depth ranges within the study
region of the northwestern Pacific that differ in the species
composition of these taxonomic groups. The Bray—Curtis
similarity (Bray and Curtis, 1957) was calculated on 4th-root
transformation of the bivalve and polychaete species abundance
per box corer to define relationships of the faunal composition
between all sites (Clarke and Gorley, 2015). The intra-location
resemblance was subjected to a group-average linkage cluster
analysis. The cluster analysis was performed using a resemblance
matrix to produce dendrograms. Clusters were tested using the
similarity profile procedure (SIMPROF). The significant branch
(SIMPROE p < 0.05) was used as a prerequisite for defining the
faunal complex. MDS was conducted on the resemblance matrix
to assess the sample relationship on a 2-dimensional plane. The
SIMPER procedure (similarity percentage routine) was used to
determine the level of within-group sample dissimilarity (or
similarity) and particular species responsible for the differences
between groups of samples (Clarke, 1993). Similarities between
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sample groups were tested using the analysis of similarities
(ANOSIM) (Clarke and Warwick, 2001).

The relations between the biological (taxon abundances)
and environmental data were investigated using the BIOENV
analysis (Clarke and Ainsworth, 1993) and Spearman’s rank
correlation (Sokal and Rohlf, 1995). The BIOENV procedure
was used to identify the tested environmental variables
that best explain the observed patterns in macrofauna
distribution (Clarke and Gorley, 2015). The environmental
data were logarithm-transformed, normalized (divided
by standard deviation), and computed for Euclidean
distances. The RELATE test was applied to determine the
significance of any relationships between the similarity
matrices underlying the biological and environmental data.

Multivariate analyses were performed using the PRIMER 7.0
(Clarke and Gorley, 2015).

RESULTS

Abundance and Diversity of Bottom
Fauna on the Kuril Basin Floor (Sea of
Okhotsk)

A total of 691 specimens of macrofaunal animals belonging to
15 taxa and 1,161 specimens of macrobenthic nematodes were
found in box-corer samples (St. 2, 3, 4, 6, and 7) collected from
the Kuril Basin floor (Table 2). The total macrofaunal abundance

TABLE 2 | Abundance of macrofaunal taxa, macro- and meiobenthic nematodes at the SokhoBio and KuramBio Il stations in the Kuril Basin (Sea of Okhotsk) and the

Kuril-Kamchatka Trench area (Pacific Ocean).

Station 2 3 4 6 7 9 10 A8 A10 A3 A6 A2 A5 A9 A1 A7 A1t

Depth (m) 3,351 3,363 3,366 3,351 3,300 3,432 4,741 5144 5220 5741 6,068 6,531 7,136 8,221 8,251 9,495 9,540
Macrofaunal taxa

Phylum Porifera 2 0 1 1 0 0 0 4 0 0 0 21 0 0 0 0 1

Phylum Cnidaria 2 0 0 3 4 0 3 1 0 2 0 0 2 0 1 0 1

Phylum Nemertea 0 0 0 0 1 0 2 2 3 1 0 1 2 0 0 0

Philum Priapulida 0 0 0 0 0 1 1 0 2 0 0 0 0 0 0 0

Philum Mollusca

Class Aplacophora 0 0 0 0 0 2 1 2 1 4 4 3 14 27 0 0 0

Class Bivalvia 30 12 6 13 14 14 12 13 12 14 4 5 20 74 25 121 109

Class Gastropoda 0 0 0 0 0 2 1 1 1 4 1 0 1 0 1 18 0

Class Scaphopoda 0 0 2 0 2 7 0 1 0 5 0 4 0 0 0 0 0

Phylum Sipuncula 0 0 1 0 0 1 1 2 5 1 0 11 0 0 0 0 0

Phylum Annelida

Class Polychaeta 141 90 135 53 80 185 46 30 68 55 68 77 136 33 13 74 134

*Echiura 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 6

*Pogonophora 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 16 0

Class Oligochaeta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30

Phylum Arthropoda

Class Malacostraca

OrderAmphipoda 1 0 2 0 6 10 2 5 3 8 1 3 0 3 0 0 0

Order Cumacea 0 0 0 0 2 0 1 1 0 0 0 2 0 0 0 0 0

Order Isopoda 4 4 5 0 12 0 8 12 27 8 3 10 1 18 2 0 0

Order Tanaidacea 16 3 9 1 28 6 8 29 33 32 6 26 6 6 0 3 0

Phylum Echinodermata

Class Echinoidea 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 0 0

Class Holothuroidea 0 0 1 0 0 1 3 1 7 36 21 6 6 23

Phylum Hemichordata

Class Enteropneusta 0 0 0 0 0 0 0 0 0 0 0 0 3 7 1 0 2

Phylum Chordata

Class Ascidiacea 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Ind. corer! 196 109 162 72 149 229 87 106 159 143 87 176 220 191 49 238 306

Ind. m~2 784 436 648 288 596 916 348 424 636 572 348 704 880 764 196 952 1,224

Number of taxa 7 4 9 6 9 10 13 14 13 13 7 15 10 9 7 6 8

Nematoda

Macrobenthic nematodes 205 212 241 74 429 1,076 670 180 327 353 165 253 724 284 193 76 116

(ind. corer=1)

Macrobenthic nematodes 820 848 964 296 1,716 4,304 2,680 720 1,308 1,412 620 1,012 2,896 1,136 772 304 464

(ind. m~=2)

Meiobenthic nematodes 182.08 8.34 130.98 684.4 392.98 2096.9 nodata 162.2 230.98 298.73 124.82 350.78 277.53 420.78 459.94 595.3 536.34

(ind. 10 cm—2)

Data on the meiobenthic nematode’s abundance at the stations A1-A11 taken from Schmidt et al. (2019). *Considered separately from polychaetes.
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(without nematodes) on the basin floor averaged at 552.8 + 86.6
ind. m™2. The lowest macrofaunal abundance was recorded at St.
6, which is most remote from the Kuril Islands straits and the
La Perouse Strait.

The abundance of macrobenthic nematodes in all samples,
except for St. 7, slightly exceeded the macrofaunal abundance
(Tables 2, 3). Their maximum abundance, almost 3-fold higher
than the abundance of macrofauna (74.1% of the total abundance
of macrofauna and nematodes), was recorded at St. 7, closest
to the Bussol Strait (Figure 2). The lowest abundance of
macrobenthic nematodes was recorded at St. 6. The abundance
of meiobenthic nematodes varied in a very wide range, reaching
a maximum value at St. 6.

The number of taxonomic groups of animals in the samples
varied from 4 (St. 3) to 9 (St. 4 and 7) (Table 3). Polychaetes
(72.8 & 8.1% of the total abundance of macrofauna), crustaceans
(13.8 £ 5.0%) and bivalves (11.5 & 4.2%) were present
in all samples and dominated in abundance, except for St.
7, contributed nearly 86.0-93.6% of the total macrofaunal
abundance (Figure 2). At St. 7, which is closest to the
Bussol Strait, the largest abundance of crustaceans (32.0%)
was recorded. Among them, tanaids (9.1 £ 4.6% of the total
macrofaunal abundance) and isopods (3.3 £ 2.0%) were the
most abundant.

The average values of the Shannon’s diversity and Pielou’s
evenness indices calculated for macrofauna were low, reflecting
the pronounced dominance of polychaetes and bivalves in
most samples. The exception was St. 7, where these indices
had high values (H' = 1,45 J = 0,66) in accordance with
the relatively high abundance of many taxonomic groups
of the macrofauna.

Abundance and Diversity of Bottom
Fauna in the Abyssal Zone of the
Kuril-Kamchatka Trench Area (Pacific

Ocean)
In the samples collected from the abyssal zone of the Kuril-
Kamchatka Trench area (St. 9, 10, A8, A10, A3; depths of
3,432-5,741 m), a total of 723 specimens of macrofaunal animals
belonging to 20 taxonomic groups and 2,606 specimens of
macrobenthic nematodes were found (Table 2). The macrofaunal
abundance at these abyssal depths averaged at 578.4 & 97.6 ind.
m~2 (Table 3). The maximum macrofauna abundance (916 ind.
m~2) was recorded from the oceanic slope of the Kuril Islands
opposite the Bussol Strait (St. 9). At depths greater than 5,000 m,
the macrofaunal abundance varied within 432-572 ind. m~2.
The macrobenthic nematode abundance varied widely, with
an average of 2,084.8 & 1,125.8 ind. m 2. Their proportion in the
total number of macrofaunal animals was 62.5-88.5% (Figure 2).
At St. 9 and 10, the macrobenthic nematode abundance was
highest (reaching more than 4,000 ind./m?) and 4-7-fold higher
than the macrofaunal abundance (Table 3). At depths greater
than 5,000 m, the nematode abundance was lower than 1,500 ind.
m~2. The meiobenthic nematode abundance was also highest
at St. 9 and almost 10-fold higher than the abundance of
meiobenthic nematodes at depths greater than 5,000 m.

The number of taxonomic groups of macrofauna varied
from 10 to 14 (Table 3). Nine of them were present in
almost all samples (polychaetes, crustaceans (amphipods, isopods
and tanaids), bivalves, gastropods, aplacophorans, sipunculans,
and holothurians). Polychaetes (48.7 4 9.0%), crustaceans
(29.3 £+ 6.7%), and bivalves (9.9 & 1.4%) dominated in abundance
(Figure 2). The maximum proportion of polychaetes (80.8%)
was recorded at the shallowest station 9. At depths more than
5,000 m, the proportion of polychaetes in the macrofauna was
below 43%. Among crustaceans, tanaids and isopods were the
most abundant taxa in the samples. The proportion of tanaids and
isopods reached maximum values at depths more than 5,000 m,
where their total proportion exceeded 38%.

The values of the Shannon’s diversity and Pielou’s evenness
indices calculated for macrofauna were significantly higher
(ANOVA, p < 0.05) compared to those for the Sea of Okhotsk,
reaching maximum values (H' = 2.0; J/ = 0.76) at depths
greater than 5,000 m, where several taxonomic groups of animals
were found in all samples in relatively large numbers and the
dominance of polychaetes was less pronounced. In the upper
part of the abyssal zone at depths of 3,432 m (St. 9), where the
proportion of polychaetes in the abundance of macrofauna was
maximum, the diversity of macrofauna was, correspondingly,
minimum (H' = 0.84; ] = 0.36).

Abundance and Diversity of Bottom
Fauna in the Hadal Zone of the

Kuril-Kamchatka Trench

In the samples collected from the hadal zone of the Kuril-
Kamchatka Trench, a total of 1,268 specimens of macrofauna
belonging to 21 taxonomic groups and 1,801 specimens of
macrobenthic nematodes were found (Table 2). The abundance
of macrofauna varied from 196 to 1,224 ind. m~2. The lowest
abundance of macrofauna was observed in samples collected
from the lower part of the trench slope (St. Al) and from
the floor of the canyon that cuts through the Kuril Islands
slope from the Bussol Strait to the Kuril-Kamchatka Trench
(St. A6). The maximum macrofaunal abundance was found in
samples collected from the floor of the deepest basins of the
trench (St. A7, Al1).

The abundance of macrobenthic nematodes on the trench
slopes varied from 620 ind. m~2 (St. A6) to 2,896 ind. m?2
(St. A5), which was 1.5-3-fold higher than the macrofaunal
abundance. The lowest abundance of macrobenthic nematodes
was recorded from the trench floor (St. A7, Al1l), where their
density was 3-fold lower than that of macrofauna (24.2-27.5%
of the total abundance) (Figure 2).

In general, with increasing depth, the number of considered
taxonomic groups of animals in the samples from the trench
decreased. The maximum number of taxa (15) was recorded from
the upper part of the slope (St. A2), and the minimum number (6)
found from the greatest depth of the trench (St. A7) (Table 3). The
most numerous in the samples were polychaetes (43.2 & 8.0%),
bivalves (27.5 + 8.1%), crustaceans (8.2 £ 3.2%), holothurians
(7.6 = 2.2%), and aplacophorans (3.8 + 1.9%) (Figure 2).
Only polychaetes and bivalves were present in all samples and
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TABLE 3 | Taxon richness (number taxa per sample), abundance (ind. m~2), and diversity indexes of macrofauna and abundance of selected macrofaunal taxa (ind.
m~2), macro- (ind. m~2) and meiobenthic (ind. 10 cm~2) nematodes from the quantitative samples collected in the abyssal zone (3,300-3,366 m) of the Kuril Basin (Sea
of Okhotsk), abyssal zone (3,432-5,741 m) of the Kuril-Kamchatka Trench area, and hadal zone (6,068-9,539 m) of the Kuril-Kamchatka Trench.

Indexes and taxa Kuril Basin (St. 2-7),

min-max (mean + SE)

Kuril-Kamchatka Trench area
(St. 9, 10, A8, A10, A3),
min-max (mean + SE)

Kuril-Kamchatka Trench, min-max (mean =+ SE)

Slopes (St. A6, A5, A9, A1, A2) Floor (St. A7, A11)

Macrofauna
Taxon richness
Abundance

4-10 (7.4 £ 2.1)
288-784 (552.8 + 86.6)
Diversity index (H’) 0.62-1.49 (0.94 + 0.22)
Evenness index (J°) 0.35-0.65 (0.48 + 0.07)
Abundance of selected macrofaunal taxa and nematodes

10-14 (12.4 + 1.1)
348-916 (578.4 + 97.6)
0.84-2.0 (1.60 + 0.21)
0.36-0.76 (0.63 + 0.07)

7-15 (9.6 + 2.3)
196-880 (578.0 + 106.7)
0.88-1.94 (1.43 + 0.33)
0.45-0.80 (0.64 + 0.11)

6-8 (7.0 + 1.0)
952-1,224 (1,088 + 136.0)
1.23-1.30 (1.27 + 0.03)
0.62-0.69 (0.66 + 0.03)

Polychaeta 212-564 (399.2 + 67.0) 116-740 (307.2 + 111.0) 52-544 (261.6 + 84.5) 296-536 (416.0 + 120.0)
Bivalvia 24-120 (60.0 + 16.0) 48-56 (52.0 + 1.8) 16-296 (102.4 + 51.1) 436-484 (460.0 + 24.0)
Tanaidacea 4-112 (45.6 £ 19.6) 24-132 (86.4 £ 24.0) 0-104 (35.2 £ 17.8 0-12 (6.0 £ 6.0)
Isopoda 0-48 (20.0 + 7.8) 0-108 (44.0 £ 17.8) 4-72 (27.2 £12.9) 0
Amphipoda 0-24 (7.2 £ 4.5) 8-40 (22.4 + 6.0) 0-12 (6.6 £ 2.7) 0
Holothuroidea 0-4 (0.8 £0.8) 4-28 (10.4 £ 4.7) 0-144 (55.2 + 26.2) 24-92 (58.0 & 34.0)
Aplacophora 0 4-16 (8.0 £ 2.2) 0-108 (38.4 + 19.8) 0
Gastropoda 0 4-16 (7.2 £ 2.3) 0-4 (2.4 +£1.0) 0-72 (36.0 + 36.0)
Scaphopoda 0-8(3.2+2.0) 0-28 (10.4 £5.7) 0-16 (3.2 £ 3.2) 0

Macrobenthic nematodes
Meiobenthic nematodes

296-1,716 (928.8 + 228.0)
8.3-684.4 (279.8 +£ 118.7)

720-4,304 (2,084.8 & 640.2)
162.2-2,096.9 (697.2 + 467.4)

620-2,896 (1,287.2 + 412.2)
124.8-459.9 (326.8 + 59.3)

304-464 (384.0 £ 80.0)

536.3-595.3
(665.8 + 29.5)

Data on the meiobenthic nematode’s abundance at the stations A1-A11 taken from Schmidt et al. (2019).
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dominated in abundance. The proportion of polychaetes was the
highest (43.8-78.2%) in the samples collected from the upper part
of the trench slopes at depths of 6,068-7,136 m (St. A6, A2, A5).
In the lower part of the slopes and on the trench floor (depth more
than 8,000 m), the polychaete proportion in the macrofauna was
much smaller (17.3-43.8%), although its abundance remained
high, reaching 536 ind. m~2 on the trench floor (St. All).
The proportion of bivalves varied within a wide range (2.8-
51.0%). In the upper part of the trench slopes (St. A6, A2,
A5), the bivalve proportion was up to 9.1%. However, at depths
more than 8,000 m, the bivalve proportion in the macrofaunal
abundance increased to 38.7-51.0%, with maximum abundance
(484 ind. m~2) on the trench floor. In addition to polychaetes
and bivalves, samples from the depths of 6,531-8,221 m (St. A2,

A5, A9) contained holothurians, crustaceans (mostly tanaids and
isopods), and aplacophorans in large numbers (26.0-39.2% of
the total macrofaunal abundance). Among them, holothurians
were the most abundant. Holothurians were the third dominant
in abundance group of animals after polychaetes and bivalves
in the sample collected from the maximum depth of the trench
(St. A11). Besides, oligochaetes, gastropods, and pogonophorans
were also found in large numbers in the samples collected from a
depth more than 9,000 m.

The Shannon’s diversity and Pielous evenness indices
calculated for samples from the trench were similar (ANOVA,
p > 0.05) to those from the oceanic abyssal zone, since
in trench samples with lower taxonomic richness were
many abundant taxa.
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Effect of Environmental Factors on
Quantitative Distribution of Bottom

Fauna

BIOENYV analyses of abundance data showed that a large amount
of biological variation (with the correlation coefficient ranging
from 0.357 to 0.440) can be explained by three environmental
variables (water depth, clay content, and oxygen concentration);
additional variables did not increase the correlation coefficient.
These relationships are statistically significant (p < 0.01 for
each of the 4 models using the RELATE procedure) (Table 4).
The best combination of environmental variables explaining the
variation in the abundance of macrofauna is depth and clay
content (correlation coefficient, 0.440).

In general, depth is a complex factor since many
environmental factors are changed with depth. According
to our data, the abundances of holothurians, enteropneustans,
and bivalves positively correlated with depth (p < 0.05) (Table 4).
The abundance of amphipods, gastropods, aplacophorans, as
well as sipunculans and priapulids, showed positive relationships
with the oxygen concentration, while the abundance of bivalves
and aplacophorans was greatly influenced by the clay content of
sediments (p < 0.05). In addition, the clay content had a negative
effect on the abundance of amphipods, tanaids, sipunculans,
and priapulids. The correlation of the polychaete and nematode

TABLE 4 | Correlations of bottom fauna with environmental data matrices.

(a) Combination of environmental variables yielding best matches of abundance
(ind. sample~") of macrofaunal taxa and environmental data similarity matrices
(BIO-ENV analysis).

No. variables Correlation Selections
coefficient

1 0.412 Depth,

2 0.440 Depth, clay content

3 0.371 Depth, clay content, oxygen

4 0.357 Depth, oxygen

(b) Spearmen rank correlations between abundance of selected macrofaunal
taxa, macrobenthic nematodes (ind. sample~'), meiobenthic nematodes
(ind.10 cm~2) and environmental variables. Significant correlations (P < 0.05)
are presented in bold.

Taxon Depth Oxygen Clay content
Polychaeta -0.27 —0.34 0.03
Cnidaria —0.52 —0.20 —-0.13
Bivalvia 0.41 —0.03 0.52
Tanaidacea —0.36 0.33 —0.53
Isopoda 0.20 0.21 —-0.34
Amphipoda —0.29 0.47 —0.62
Holothuroidea 0.83 0.43 0.20
Enteropneusta 0.63 0.01 0.35
Aplacophora 0.33 0.56 —0.48
Gastropoda 0.35 0.73 —0.30
Scaphopoda -0.25 0.22 -0.38
Sipuncula —0.09 0.60 —0.54
Priapulida —0.05 0.51 -0.47
Macrobenthic —0.22 0.36 —0.38
nematodes

Meiobenthic 0.29 0.16 0.14
nematodes

Data on the meiobenthic nematode’s abundance at the stations A1-A11 taken
from Schmidt et al. (2019).

abundances with all environmental variables considered in the
analysis was not significant.

Species Richness, Diversity, Abundance,
and Faunal Assemblages of Polychaetes
and Bivalves

Polychaetes were the richest group of animals in terms of
number of species in the samples. A total of 97 species
of polychaetes belonging to 37 families (excluding echiurans
and pogonophorans) were found in the box-corer samples
(Supplementary Table 1). The largest number of species
belonged to the families Ampharetidae (10 species) and
Paraonidae (9 species). The rest of the families were represented
by no more than 5 species. The number of species in the samples
varied from 6 to 29. The richest samples in the number of
polychaete species were collected on the floor of the Kuril Basin,
where the species number per sample varied from 17 to 29
(23.8 £ 2.4). The smallest number of species was found at St. 6
most remotely located from the Kuril Islands straits.

In the Pacific Ocean, the largest number of polychaete species
was found in samples collected in the abyssal zone (14-26 species
per sample, with an average of 17.8 £ 2.5), where the maximum
number of species was observed at the shallowest-water station 9,
while at the rest of the stations the species number was smaller
than 20. In the hadal zone, the number of polychaete species in
the samples decreased with depth (to an average of 12.0 & 2.1),
although the polychaete species richness in the upper part of the
trench slope at depths between 6,068-7,136 m (St. A2, A5, and
A6) still remained high (17-19 species per sample). The smallest
number of species (6) was recorded from the samples collected
on the trench floor (St. A7 and A11).

Bivalves were most frequently recorded as the second
dominant group of animals after polychaetes. In the Kuril-
Kamchatka Trench at depths greater than 8,000 m, they
dominated the macrofauna in abundance. A total of 25 bivalve
species belonging to 10 families were identified in the samples.
More than half of the species (13) belonged to the family
Thyasiridae, and 3 species belonged to the family Vesicomyidae.
The rest of the families were represented by 1-2 species each. The
number of species in the samples varied from 1 to 7. The samples
from the floor of the Sea of Okhotsk were richer in number of
species compared to those from the other study areas. Here, from
3 to 7 species were found per sample (average, 5.0 £ 0.7). In
the abyssal zone of the Pacific Ocean, the number of species per
sample varied from 2 to 5 (average, 4.0 £ 0.6). In the hadal zone,
the number of species varied widely (1-7) and reached 4 even at
the maximum depth of 9,495 m (St. A7).

Cluster and MDS analyses (Figure 3) of quantitative data
on polychaete and bivalve species showed that all the analyzed
stations formed the following five groups (with a similarity level
of more than 35%), which differed significantly (ANOSIM; global
R =0.903; significance level, 0.1%): (A) all stations conducted on
the floor of the Kuril Basin (depths of 3,207-3,366 m); (B) the
shallowest-water station 9 located in the upper part of the abyssal
zone of the Pacific Ocean (depth of 3,432 m); (C) stations carried
out in the lower part of the oceanic abyssal zone and in the hadal
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zone of the upper slopes of the Kuril-Kamchatka Trench (depth
of 4,741-7,136 m); (D) stations conducted in the lower part of
the trench slopes (depths of 8,221 and 8,251 m); (E) stations
performed on the floor of the deepest basins of the trench (depths
0f 9,495 and 9,540 m).

Kuril Basin (Sea of Okhotsk)
The stations (group A) performed on the floor of the Kuril Basin
with a relatively high intra-group similarity (SIMPER; average
similarity, 56.16%) were the least similar in species composition
and quantitative abundance of polychaetes and bivalves to the
groups of stations C-E conducted in the abyssal and hadal
zones of the Pacific Ocean (SIMPER, average dissimilarity of
groups A and C-E > 87%). A total of 53 polychaete species
belonging to 30 families were found on the Kuril Basin floor
(Supplementary Table 1). More than half of the species (31
species, 58.5%) from the Sea of Okhotsk were also found in the
samples collected from the Pacific Ocean. The families richest
in number of species were Ampharetidae (8 species), Paraonidae
(5 species), and Trichobranchidae (4 species). Only 7 polychaete
species (13.2%) were recorded from all samples. Almost all of
them were the most abundant species. About a third of the species
(17 species, 32.1%) were found in more than 50% of the samples,
and most (19 species, 35.8%) were found in only one sample. The
most abundant species were Prionospio sp. 2, Anobothrus sonne,
Chaetozone sp. 1, Levinsenia gracilis, Tanseimaruana vestis, and
Labioleanira okhotica (Table 5). The total abundance of these
species in all samples exceeded 50% of the total abundance of
polychaetes. The average value of the Shannon’s diversity indices
was the highest in the group of stations located in the Kuril Basin,
in comparison with other groups, reaching maximum values at St.
7, where the high abundance of the largest number of polychaete
species was recorded. The average Pielou’s evenness index was
also high, reflecting a large number of polychaete species with a
relatively high abundance inhabiting the floor of the Kuril Basin.
In the Sea of Okhotsk, 9 species of bivalves belonging to 5
families were found in the box-corer samples, of which 3 species
were also recorded from the Pacific Ocean (Supplementary
Table 1). Most of the species (5 species) belonged to the family

Thyasiridae. Thyasirids were present in all samples and provided
the major contribution to the abundance of bivalves on the Kuril
Basin floor. Their proportion in the total abundance of bivalves
exceeded 83% in each sample. The species of the rest of the
families were found at one or two stations, in most cases, one
specimen per sample. The most abundant species was the small
thyasirid Mendicula sp. 1 (Table 5). The values of the Shannon’s
diversity and Pielou’s evenness indices calculated for the bivalve
assemblage from this group of stations were maximal.

Pacific Ocean

In the samples collected in the Pacific Ocean, 76 species of
polychaetes belonging to 34 families and 20 species of bivalves
from 9 families were identified. The faunal assemblage of
polychaetes and bivalves at the shallowest-water oceanic station
9 (“group” B) was most similar to that in the Kuril Basin
(SIMPER, average dissimilarity of groups A and B = 58.16%).
This station was characterized not only by the most abundant,
but also by the most diverse and rich polychaete fauna in terms
of number of species compared to other deeper-water oceanic
stations (Table 5). The species composition of polychaetes was
most similar to the abyssal fauna of the Sea of Okhotsk (80.8%
of species were common with those from the Sea of Okhotsk
and 23.1% are common with those from the oceanic stations).
At this station, almost all the species most abundant on the Kuril
Basin floor also dominated in abundance. In addition, Cossura
sp., Ophelina sp. 2, and Nenogenus cf. antarctica, recorded from
most samples collected in the Kuril Basin, were also found here
in large numbers.

Of the 5 species of bivalves found at this station, two species
were also recorded from the Sea of Okhotsk. The most abundant
species, as in the Sea of Okhotsk, were thyasirids with their
proportion being 78.6% of the total bivalve abundance.

Compared to the group of stations A performed on the Kuril
Basin floor, group C included a larger number of stations covering
a wide range of depths (4,741-7,136 m) in the abyssal and
hadal zones with diverse biotopes. Nevertheless, the polychaete
assemblage of this group had the same species richness (53
species belonging to 30 families) and similar diversity (ANOVA,
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TABLE 5 | Species richness (number of species per sample), diversity indexes, and abundance (min—max, mean =+ SE, ind. m~2) of dominant species of polychaete
and bivalve assemblages in five station groups (A-E), identified using Cluster and MDS analyzes of quantitative data (Figure 3).

Indexes and species

Station groups and depth (m)

A B C D E
(St. 2-7) 3,207-3,366 (St. 9) (St.10, A2, A3, A5, A6, A8, A10) (St. A1, A9) 8,221-8,251 (St. A7, A11)
3,432 4,741-7,136 9,495-9,540

Polychaeta
Species richness 17-29 (23.8 £ 2.4) 26 12-19 (16.3 + 1.0) 8-11 (9.5 £ 1.5 6(6.0+0)
Diversity index (H) 2.27-2.88 (2.54 £ 0,11) 2.776 1.62-2.70 (2.29 £ 0.15) 1.99-2.11 (2.05 £ 0.06) 0.89-1.14 (1.02 £ 0.12)
Evenness index (J') 0.68-0.88 (0.81 &+ 0.04) 0.8521 0.65-0.95 (0.82 + 0.04) 0.88-0.96 (0.92 &+ 0.04) 0.50-0.64 (0.57 + 0.07)
Abundance of dominant species
Anobothrus sonne 24-142 (67.6 &+ 21.4) 52 0 0 0
Tanseimaruana vestis 0-44 (22.4 +£9.2) 0 0 0 0
Chaetozone sp. 1 8-84 (36.8 + 13.5) 84 0 0 0
Chaetozone sp. 2 0 0 0-64 (23.4 £ 10.3) 0 128-220 (174.0 £ 46.0)
Brada sp. 0 0 0-8(2.3+1.5) 4-36 (20.0 £ 16.0) 0
Cossura sp. 0-32 (13.6 £ 6.1) 132 0-96 (40.0 + 14.6) 4 (4.0 £ 0.0 0-316 (158.0 + 158.0)
Cenogenus cf. antarctica 0-16 (8.0 £ 2.5) 64 0-16 (4.6 £ 2.5) 0 0
Ophelina sp. 1 0 0 0-52(149+7.2) 0 0
Ophelina sp. 2 0-4 (1.6 & 1.0) 72 0-8 (1.1 £1.1) 0 0
Aricidea sp. 0 0 0 0 8-56 (32.0 + 24.0)
Levinsenia gracilis 8-40 (26.4 £+ 5.6) 72 0 0 0
Euchone sp. 1 0 0 0-40 (18.7 £ 5.8) 8(8.0+£0.0) 0
Labioleanira okhotica 8-32 (19.2 £ 5.3) 32 0 0 0
Prionospio sp. 2 32-196 (91.2 + 29.7) 28 0 0 0
Travisia sp. 1 0 0 8-112 (42.9 + 13.9) 12-16 (14.0 + 2.0) 12-36 (24.0 + 12.0)
Bivalvia
Species richness 3-7 (5.0 +0.71) 5 1-7 (3.6 £ 0.78) 4(4.0+0.0) 3-4 (3.5 +0.5)
Diversity index (H') 1.01-1.41 (1.21 + 0.06) 1.44 0-1.61 (0,84 +0,22) 0.51-0.76 (0.63 £ 0.12) 0.54-0.65 (0.60 =+ 0.06)
Evenness index (J') 0.60-0.92 (0.79 + 0.06) 0.89 0.41-0.83 (0.73 £ 0.07) 0.37-0.55 (0.46 £+ 0.09) 0.39-0.60 (0.49 + 0.10)
Abundance of dominant species
Parayoldiella ultraabysalis 0 0 0 0 80-304 (192.0 £ 112.0)
“Axinulus” roseus 0 0 0 0 128-396 (262.0 + 134.0)
Axinodon sp. 0-8 (6.4 +1.6) 0 0-4 (0.6 £ 0.6) 0 0
“Genaxinus” sp. 1 0 0 0-16 (6.3 £ 2.3) 4-36 (20.0 + 16.0) 4 (4.0 £ 0.0
Mendicula sp. 1 0-80 (32.0 £ 13.2) 24 0-44 (20 £ 6.4) 0 0
Thyasira sp. 1 0-12(4.0+£2.2) 8 0 0 0
Thyasira sp. 2 4-12 (5.6 £ 1.6) 0 0 0 0
Vesicomya sergeevi 0 0 0 76-252 (164.0 £ 88.0) 0-4 (2.0 £ 2.0

p > 0.05) (Table 5). The families Paraonidae (5 species) and
Spionidae (4 species) proved to be the richest in terms of number
of species. Only one species, Travisia sp. 1, was found in all
samples. Most species (23 species, 43.4%) were recorded from
only one sample. The most abundant and frequently encountered
species (found in more than half of the samples of this group of
stations) were Travisia sp. 1, Notomastus latericeus, Cossura sp.,
Chaetozone sp. 2, Ophelina sp. 1, and Euchone sp. 1.

The faunal assemblage of bivalves from stations of group
C included 14 species from 6 families. More than half of the
species (8 species, 57.1%) belonged to the family Thyasiridae. The
contribution of thyasirids to the total abundance of bivalves in
all samples, except for St. A5 (7,136 m), was higher than 80%,
sometimes reaching 100%. Only two species from this family
(“Genaxinus” sp. 1 and Mendicula sp. 1) were found in more
than half of the samples; of them, Mendicula sp. 1 was the most
abundant species, as in the Sea of Okhotsk.

The deepest-water groups of stations D and E were the least
similar to the rest of the oceanic stations (SIMPER; average
dissimilarity of groups D, E and B, C > 66%). Polychaete
and bivalve assemblages of group D were characterized by less
diversity and species richness compared to the assemblages
of shallower-water groups of stations. The abundance of
polychaetes at these depths also reduced sharply (Table 2). The
most abundant species here was Brada sp. (Table 5). Unlike
polychaetes, bivalves had a greatly increased abundance mainly
due to the formation of very abundant populations of Vesicomya
sergeevi at these depths, which was found only in the hadal
zone of the trench.

The samples (group E), collected from the maximum depth
of the trench, were characterized by the least diversity and
a low species richness of polychaete and bivalve assemblages,
as well as a very high abundance of these animals. Among
polychaetes, the dominant species were Chaetozone sp. and
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Cossura sp., which showed a wide range of distribution depths
(more than 5,000 m) and were recorded from all the studied
depths. The dominant bivalve species were “Axinulus” roseus
and Parayoldiella ultraabysalis. Unlike the dominant polychaetes,
these species were found only in the deepest basins of the trench.

DISCUSSION
Kuril Basin (Sea of Okhotsk)

As shown earlier, the bottom macrofauna on the Kuril Basin floor
is generally rich and is not inferior in taxonomic diversity to
the abyssal macrofauna of the Kuril-Kamchatka Trench region
(Brandt et al., 2015, 2018). However, the species richness of
most taxonomic groups of macrofauna dominating in abundance
at the bottom of the Kuril Basin is lower than that in
the abyssal zone of the Pacific Ocean off the Kuril Islands
(Fukumori et al., 2018, 2019; Kamenev, 2018b, 2019; Malyutina
and Brandt, 2018; Mironov et al., 2018, 2019b; Golovan et al.,
2019). This can be caused by many factors, including differences
in the amount of material collected and the area of the regions
covered by the study, a narrower range of abyssal depths, less
habitat diversity and a lower oxygen concentration in the bottom
layer of the Kuril Basin, a greater isolation of the Sea of Okhotsk
from the Pacific Ocean (Ushakov, 1953; Savilov, 1961; Fukumori
et al., 2018; Kamenev, 2018b; Mironov et al., 2018). Only
polychaete fauna was proved to be richer in terms of number
of species on the Kuril Basin floor compared to the abyssal
zone of the studied regions of the Northwest Pacific (Alalykina,
2015, 2018). Also, the number of considered macrofaunal taxa
in the box-corer samples collected from the Kuril Basin floor
was 1.5-2-fold smaller than in the samples collected from abyssal
zone of the Pacific region adjacent to the Sea of Okhotsk
(Tables 3, 6). The relatively small number of macrofaunal taxa
in the box-corer samples is probably due to fact that many
species of various taxonomic groups form sparser populations
on the Kuril Basin floor, as compared to the macrofauna in the
oceanic abyssal zone. The low density of populations of many
species on the Kuril Basin floor can be associated with both a
wide distribution of homogeneous, very fine-grained sediments
and a low oxygen content of the near-bottom layer of water.
The abundance of many taxonomic groups showed a negative
correlation with the finest fraction (clay content) of sediments
and a positive correlation with the oxygen concentration of the
near-bottom water (Table 4). However, low oxygen concentration
may be the main factor affecting the species composition and
quantitative distribution of bottom animals at the maximum
depths in the Sea of Okhotsk.

As also reported previously, the bottom fauna on the Kuril
Basin floor is characterized by a low biomass (about 0.3 g m~2)
and sparse populations of many mega- and macrofauna species
(Ushakov, 1953; Savilov, 1961). An assumption was made that
one of the major factors negatively affecting the distribution
and abundance of macrofauna in the abyssal zone of the Sea of
Okhotsk is the low oxygen concentration of the near-bottom layer
of water. Long-term (more than half a century) investigations of
the hydrochemical regime of water masses in the Sea of Okhotsk

have shown the constancy of oxygen concentration in the water
near the floor of the Kuril Basin within 1.6-1.9 ml 171, and
the absence of seasonal and annual fluctuations (Terziev, 1996).
Thus, the bottom fauna on the Kuril Basin floor is exposed for a
long time to chronic oxygen deficiency.

As numerous studies have shown, bottom fauna is generally
tolerant to oxygen concentration decreases to 2.0 ml 17! for a
relatively short time. However, a critical oxygen concentration
in water for many invertebrates is about 2.0 ml I=!; below this
level, a response of benthic organisms can be observed (Diaz and
Rosenberg, 1995; Karlson et al., 2002; Vaquer-Sunyer and Duarte,
2008; Zeppilli et al., 2018). Diaz and Rosenberg (1995) provide
a list of hypoxic systems across the world and the effects of low
oxygen concentrations on benthic communities. Unfortunately,
the Sea of Okhotsk was not included in this extensive list of
regions of the world’s oceans with oxygen deficiency. According
to Diaz and Rosenberg (1995), the deep-water part (depths more
than 750 m) of the Sea of Okhotsk with a concentration of oxygen
in the water 0.8-1.9 ml 17! can be categorized as a water system
with a moderate level (with oxygen decline to about 0.5 ml171)
of persistent hypoxia (year-round hypoxia).

The response of benthic communities to hypoxia can be very
different, depending on the oxygen concentration, the duration of
hypoxia exposure (temporary or periodic), and many associated
environmental factors (water temperature and salinity, organic
matter content and grain-size structure of sediments, etc.)
(Gooday et al., 2009). A decrease in the oxygen concentration
below 2 ml 17! causes a reduction in the taxonomic diversity
and species richness of macro- and meiofauna, a decrease
in the abundance of macrofauna, a pronounced dominance
of certain taxonomic groups and species of bottom animals
resistant to hypoxia, a change in the size structure of animal
populations, etc. (Diaz and Rosenberg, 1995; Karlson et al.,
2002; Levin et al., 2009). In quantitative samples collected
from the floor of the Kuril Basin, polychaetes and bivalves
dominated in abundance and frequency of occurrence. As is
known, these of animals, along with isopods and echinoderms,
dominate in abyssal bottom communities of various regions
of the world’s oceans in number of species and abundance
(Hessler and Jumars, 1974; Glover et al., 2002; Brandt et al,,
2005, 2007, 2019; Alalykina, 2013, 2015, 2018; Kamenev, 2013,
2015, 2018b, 2019; Bonifacio et al., 2020). However, in the
abyssal zone of the Sea of Okhotsk, the degree of dominance
of these groups is markedly higher than, e.g., in abyssal
macrofaunal communities of the northwestern Pacific Ocean
(Figure 2; Fischer and Brandt, 2015). Polychaetes and bivalves
have been reported as the groups of animals most resistant to
hypoxia (Diaz and Rosenberg, 1995; Levin, 2003; Levin et al,,
2009). Therefore, in waters with low oxygen concentrations,
these animals often dominate communities of macrofauna in
abundance (Levin, 2003). It is likely that the pronounced
dominance of polychaetes and bivalves and the high species
richness of polychaetes on the Kuril Basin floor are also due
to the relatively low oxygen concentrations in the near-bottom
water layer, which negatively affect other taxonomic groups of
macrofauna. Unlike most taxonomic groups, whose abundance
positively correlated with the oxygen level in the near-bottom
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TABLE 6 | Abundance of macrofauna (ind. m~2), macro- (ind. m~2) and meiobenthic (ind. 10 cm~2) nematodes from different abyssal areas (depths more than 3,000 m)

of the North Pacific and trenches.

Area Depth (m) Gear Abundance (min - max) References
Macrofauna Macrobenthic Meiobenthic
nematodes nematodes
Kuril Basin (Sea of Okhotsk) 3,300-3,366 BC 436-784 296-1,716 8.3-684.4 This study
Kuril-Kamchatka Trench area 3,432 BC 916 4,304 2,096.9 This study
4,741-5,741 BC, MUC 348-624 162.2-298.73 Schmidt et al., 2019, this study
Southern part of the 3,320-5,730 MUC - 297-695 ltoh et al., 2011
Kuril-Kamchatka Trench area
Japan Trench area 5,370 BC - 470 Shirayama and Kojima, 1994
Izu-Bonin Trench area 4,310-5,820 BC 0-667 - 31-257 Shirayama, 1984
Ryukyu Trench area 3,030-5,710 MUC - - 18-84 Itoh et al., 2011
Abyssal plain adjacent to the 4,869-5,768 BC, MUC 436-3,320 320-14,012 224.5-1,309.5 Fischer and Brandt, 2015,
Kuril-Kamchatka Trench Schmidt and Martinez Arbizu, 2015
Abyssal plain, Central North 5,497-6,036 BC 84-160 96-1,988 - Hessler and Jumars, 1974
Pacific
Clipperton-Clarion Fracture 4,500-5,283 BC 48-1,324 - - Wilson, 2017
Zone, Eastern Pacific 4,470-4,569 BC 240-496 160-424 - De Smet et al., 2017
4,124-4,965 MUC - - 45.8-504.6 Haugquier et al., 2019
4,076-4,156 MUC - 86-612 Uhlenkott et al., 2021
4,877-5,046 MUC - - 43-175 Miljutina et al., 2010
Aleutian Trench 7,298 BC 1,272 776 - Jumars and Hessler, 1976
Kuril-Kamchatka Trench 6,068-9,540 BC, MUC 196-1,224 304-2,896 124.82-595.3 Schmidt et al., 2019, this study
South part of the 7,000-7,090 MUC - 317-639 ltoh et al., 2011
Kuril-Kamchatka Trench
Japan Trench 6,380 BC - 357 Shirayama and Kojima, 1994
7,460 BC - 419
Izu-Bonin Trench 8,260 BC 1,100 - 389 Shirayama, 1984
Ryukyu Trench 6,340-7,150 MUC - 25-41 Itoh et al., 2011
Tonga Trench 6,250 MUC - 43.2-86.65 Leduc et al., 2016
10,811 MUC - 221.8-460.6
10,817 MUC - 325.2-498.2
Kermadec Trench 6,096 MUC - 88 Leduc and Rowden, 2018
7,132 MUC - 312
8,079 MUC - 186
9,175 MUC - 42
Atacama Trench 7,800 MUC - 5,072 Danovaro et al., 2002
Puerto-Rico Trench 8,336-8,339 MUC - 93.6-222.2 Schmidt et al., 2018

BC, box corer; MUC, multicorer; “-," no data.

water layer, the quantitative distribution of polychaetes in the
study regions showed the highest negative correlation with
oxygen concentrations (Table 4).

The density of macrofauna, with its low biomass recorded
from the Kuril Basin floor, was generally as high as in the
abyssal zone of the Kuril-Kamchatka Trench area, primarily,
due to the high abundance of several small-sized species of
polychaetes (up to 10 mm long) and bivalves (with shells smaller
than 5 mm) in samples, which are probably more resistant to
hypoxia. The predominance of small species in the macrofauna
was also observed in other areas with low oxygen concentrations
in the water (Levin, 2003). The high organic matter content of
bottom sediments in the Sea of Okhotsk probably supports the
high abundance of polychaetes and bivalves. It is known that
abundance and availability of food can partially compensate for
the adverse environmental conditions associated with low oxygen
concentrations in the water (Diaz and Rosenberg, 1995; Levin,
2003; Hanz et al., 2019).

On the Kuril Basin floor, the proportion of animals containing
endosymbiotic chemosynthetic bacteria in the macrofauna
composition also increases. The most characteristic species

in macrofaunal communities on the Kuril Basin floor is the
pogonophoran Lamellisabella zachsi, which forms extensive,
although sparse, populations there (Ushakov, 1953; Savilov, 1961;
Karaseva et al, 2019). Pogonophorans are known to rely on
endosymbiotic chemoautotrophic bacteria for nutrition, and
their anatomy and physiology are adapted to their need to
obtain both oxygen and reduced sulfur compounds (Southward,
1982; Naganuma et al., 2005; Southward et al., 2005). Among
bivalves, thyasirids were the dominant group in terms of
species richness and abundance in box-corer samples; of them,
many also contained endosymbiotic chemosynthetic bacteria
(Southward, 1986; Dufour, 2005; Oliver, 2014). Thyasirids
made up more than one third (36.4%) of the species richness
of the abyssal bivalve fauna in the Sea of Okhotsk and
76.3% of the total number of live bivalve specimens in all
samples collected with various sampling gear types from the
Kuril Basin floor during the SokhoBio expedition (Kamenev,
2018b). The increase in the proportion of animals containing
symbiotic chemosynthetic bacteria in the bottom fauna is a
characteristic feature of bottom communities in hypoxia areas
(Levin, 2003).
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Stable isotope and fatty acid analyses have also shown that
organic matter derived from chemosynthetic bacteria is one
of the carbon sources for macrobenthic nematodes in the
Kuril Basin (Mordukhovich et al., 2018). It is probable that
chemosynthetic bacteria inhabit sediments with high organic
matter content on the Kuril Basin floor in large abundances.
Dense mats of sulfur-oxidizing bacteria comprising the diet
of multicellular animals have been found in areas with a low
oxygen concentration and a high organic content (Levin, 2003).
Furthermore, extensive areas with an increased concentration of
methane in bottom sediments (more than 5 x 103 ml kg~ 1)
have been found on the Kuril Basin floor, and there are
probably numerous cold methane seeps widespread in the Sea
of Okhotsk to a depth of 2,200 m (Liidmann and Wong,
2003; Jin et al., 2011; Obzhirov et al., 2018; Derkachev et al.,
2021). In the Sea of Okhotsk, extensive bacterial mats and
aggregations of various macrofaunal animal species containing
chemosynthetic endosymbiotic bacteria are formed in areas
with an increased concentration of methane in sediments and
methane seeps (Kuznetsov et al., 1989; Kamenev et al., 2001;
Kamenev, 2009; Kharlamenko et al.,, 2016, 2019; Karaseva et al,,
2019). Thus, the primary production created by chemosynthetic
bacteria is, apparently, also an important source of organic
matter in the diet of deep-sea bottom animals inhabiting
the Sea of Okhotsk.

The abundance of macro- and meiobenthic nematodes
on the Kuril Basin floor varied greatly, being, on average,
lower than in the abyssal zone of the Pacific Ocean region
adjacent to the Kuril Islands (Table 3). Nematodes are
known to dominate the meiofauna of deep-sea ecosystems
in abundance (Rosli et al, 2018; Zeppilli et al., 2018), and
are a metazoan meiofaunal group most tolerant to low
oxygen (Cook et al., 2000; Neira et al., 2001; Levin, 2003).
Also, their abundance, as well as the abundance of many
macrofaunal animals, depends on the organic matter content
and the structure of sediments. Many researchers reported
that nematodes tend to fine sediments with a predominance
of silt (e.g, Gutzmann et al, 2004; Netto et al, 2005;
Schmidt and Martinez Arbizu, 2015). In our study, the
abundance of macrobenthic nematodes had a relatively high
but not significant positive correlation with the silt content
(r = 0.38, p > 0.05) and a negative correlation with the
clay content (r = —0.38, p > 0.05). It is probably that
the high clay content of bottom sediments on the Kuril
Basin floor negatively affects the quantitative distribution of
nematodes. It is also likely that specific local environmental
conditions are formed in the water layer near the very bottom
and in the upper sediment layer of the Kuril Basin, which
significantly affects the composition and distribution of the
bottom fauna. A characteristic peculiarity is that the lowest
abundance of macrofauna and macrobenthic nematodes and
the total proportion of polychaetes and bivalves of 91.7% were
recorded at St. 6, which is the most remote station from
the Kuril Straits and the La Perouse Strait and, accordingly,
is less influenced by oceanic and marine waters entering
through these straits. The maximum abundance of meiobenthic
nematodes was also observed at this station (Table 2). At

St. 7, the closest to the Bussol Strait, we recorded, on the
contrary, the maximum taxonomic diversity of macrofauna
and abundance of macrobenthic nematodes, and also the
minimum proportion of polychaetes and bivalves in the total
abundance of macrofauna. It cannot be ruled out that the oxygen
concentration at the very bottom varies markedly and differs
from the oxygen concentration measured in hydrochemical
studies of water at a distance of 1 m from the bottom. It is
known that a strong gradient in oxygen concentrations often
occurs close to the sediment surface (Diaz and Rosenberg,
1995). Therefore, the actual oxygen concentration having an
effect on the bottom fauna may have been markedly lower
than that measured at 1 m from the bottom and varied
between different areas of the Kuril Basin floor depending on
local conditions.

A comparative analysis of the composition and quantitative
distribution of the bottom fauna using studies of previous years
(Ushakov, 1953; Savilov, 1961) showed the relative stability
of the taxonomic diversity of macrofauna, the composition
of the dominant species, and the specifics of the quantitative
distribution of bottom communities on the Kuril Basin floor.
The abyssal bottom fauna of the Sea of Okhotsk has been
exposed for a long time to hypoxic conditions and has
probably adapted to living in conditions of chronic oxygen
deficiency. The relatively high taxonomic diversity, species
richness, and abundance of bottom fauna on the basin floor
are probably due to the favorable trophic conditions for the
bottom animals. The Kuril Basin is characterized by very
high rates of sedimentation, large amounts of suspended
detritus in the near-bottom water layer (Savilov, 1961), and
high content of organic matter in the sediments (0.84-
1.92%) (Sattarova and Aksentov, 2018). The high content
of organic matter in the sediments may be related to
very high level of phytoplankton primary production of
the Sea of Okhotsk (260-350 gC m~2 per year) (Shuntov,
2001). It has been shown that in various regions of the
world’s oceans, seafloor oxygen minimum zones tend to
have stable hypoxia, and are frequently associated with the
production of large quantities of high-quality organic matter
which contributes to the development of stable fauna with
a relatively low diversity but high abundance (Levin, 2003;
Levin et al, 2009). This combination of hypoxia and high
organic matter content creates a unique habitat in marine
ecosystems that supports a community with high energy
fluxes. In offshore areas with permanent oxygen deficiency,
the benthic communities have apparently adapted to lower
oxygen concentrations (Levin, 2003). Thus, the adaptation to
permanent hypoxia on the Kuril Basin floor, as well as the
abundance of organic matter reaching the floor of the basin,
probably contributes to the formation of a relatively diverse
and abundant abyssal bottom fauna in the Sea of Okhotsk,
which is connected with the oceanic abyssal fauna through
the deep-sea straits between the Kuril Islands. Many deep-
sea eurybathic macrofaunal species from the upper abyssal
zone of the Pacific Ocean could enter the Sea of Okhotsk
through the deep-sea straits between the Kuril Islands and
adapt to living on the Kuril Basin floor in low-oxygen
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conditions (Kamenev, 2018b; Malyutina and Brandt, 2018;
Mironov et al., 2018).

Abyssal Zone of the Kuril-Kamchatka

Trench Area (Pacific Ocean)

In the abyssal zone of the Kuril-Kamchatka Trench area,
we recorded a generally high abundance of macrofauna and
nematodes which was higher than at similar depths of some
regions in the North Pacific (Table 6). However, it was markedly
lower than in the abyssal plain adjacent to the Kuril-Kamchatka
Trench (Fischer and Brandt, 2015; Schmidt and Martinez Arbizu,
2015). The northwestern Pacific Ocean region adjacent to the
Kuril Islands, with its high level of primary production and a
large terrigenous runoff of organic matter from the continent and
the islands, is one of the most productive regions of the world’s
oceans, characterized by a high organic matter content of bottom
sediments (Sokolova, 1976, 1981; Itoh et al., 2011; Kitahashi et al.,
2012, 2013; Stewart and Jamieson, 2018; Du et al., 2021). The
abundance of food material provides favorable habitat conditions
for a diverse and abundant bottom fauna (Filatova, 1960; Belyaev,
1989; Brandt et al., 2015; Fischer and Brandt, 2015; Schmidt and
Martinez Arbizu, 2015), especially on the abyssal plain, where
more organic matter is accumulated in bottom sediments than on
the oceanic slopes of the Kuril Islands (Sattarova and Aksentov,
2018). Also, the higher density of macrobenthic nematodes on
the oceanic abyssal plain near the Kuril-Kamchatka Trench may
be explained in part by the differences in the methods used to
study of the box-corer samples. In our study, unlike Fischer and
Brandt (2015), we did not count macrobenthic nematodes on a
300 pum sieve.

The density of macrofauna and macrobenthic nematodes at
the studied abyssal depths varied quite significantly and probably
depended on the structure of bottom sediments, the dynamics
of near-bottom waters, the bottom topography and other local
habitat conditions, which are more diverse than on the floor of
the Kuril Basin, or on the abyssal plain adjacent to the trench.
For example, bottom sediments at St. 10 with the lowest density
of macrofauna (Table 2) were represented by a very thin surface
layer of silt with a high organic matter content covering a very
dense and thick layer of coarse-grained, black volcanic sand with
an admixture of clay. At this station, all macrofauna was found
only on the sediment surface and in the thin surface layer, while
the infauna was dominated by small macrofaunal species and,
primarily, macrobenthic nematodes, whose proportion in the
total macrofauna composition was 88.51%. The species richness
of the major taxonomic groups of macrofauna at this station was
also low, as evidenced by the results of processing of samples
collected with a trawl and an epibenthic sledge (Alalykina, 2018;
Fukumori et al.,, 2018; Kamenev, 2018b; Malyutina and Brandt,
2018; Mironov et al., 2018). On the other hand, at St. 9, which had
the most abundant and rich in the number of species macrofauna
and the highest abundance of nematodes (Table 2), sediments
were mainly represented by loose silty sand and a relatively
thick surface layer of silt with a high content of organic matter
(Table 1). The combination of these factors contributed to the
formation of abundant infauna here, mainly polychaetes and

nematodes. The active outflow of Sea of Okhotsk waters enriched
in organic matter and nutrients occurs through the Bussol
Strait characterized by extremely strong currents (Moroz and
Bogdanov, 2007; Zakharkov et al., 2007). In this area, where the
station was performed, very favorable feeding conditions for the
bottom fauna have apparently been formed on the canyon floor.
Such favorable habitat conditions for the deep-sea benthic fauna
are probably not a unique phenomenon for the slopes of the Kuril
Islands. On the oceanic slope of the northern Kuril Islands, even
more abundant aggregations of macrofauna (2,555-3,520 ind.
m~2) and macrobenthic nematodes (5,096-8,992 ind. m~?) were
found at a depth of 4,977-4,980 m (Fischer and Brandt, 2015).

The Hadal Zone of the Kuril-Kamchatka

Trench

The taxonomic diversity and species richness of the fauna in
the oceanic trenches are reduced with increasing depth. Also,
the abundance of bottom macrofauna increases in eutrophic
trenches with depth (Belyaev, 1989; Jamieson, 2015). Changes
in the taxonomic composition and quantitative distribution of
macrofauna in the trenches are most significant at depths over
8,000 m. It has been shown that, apparently, the major factor
responsible for the depletion of the taxonomic and species
richness of the bottom fauna in trenches is the hydrostatic
pressure, which increases with depth (Belyaev, 1989; Jamieson,
2015; Swan et al,, 2021). In the lower part of the hadal zone
of almost all the examined trenches, holothurians and bivalves
dominated in abundance. Polychaetes, isopods, and amphipods
were also found in large numbers there (Filatova, 1960, 1971;
Belyaev and Mironov, 1977; Belyaev, 1989; Jamieson, 2015).
These patterns of quantitative distribution of macrofauna are
also characteristic of the Kuril-Kamchatka Trench, where, with
increasing depths (especially at depths of more than 8,000 m), the
taxonomic diversity decreased and the macrofauna abundance
increased compared to those in the abyssal zone. Depth was
the main factor having an effect on the taxonomic macrofauna
composition and the quantitative proportions of the major
taxonomic groups in the box-corer samples (Table 5). At the
maximum depths of the Kuril-Kamchatka Trench, despite a
low number of taxonomic groups of animals, the abundance of
macrofauna appeared to be maximum in the box-corer samples,
mainly due to the high density of populations of two bivalve
species, “Axinulus” roseus and Parayoldiella ultraabysalis, and two
polychaete species, Chaetozone sp. 2 and Cossura sp.

In the upper part of the trench slopes (6,000-7,150 m),
the taxonomic diversity and macrofaunal abundance in the
samples varied greatly, probably, depending on the local habitat
conditions. The slopes of the Kuril-Kamchatka Trench, like those
of all oceanic trenches, are characterized by complex bottom
topography and mosaic pattern of bottom sediments (Belyaev,
1989; Jamieson, 2015; Jamieson and Stewart, 2021). Landslides
and turbidity flows often occur on steep slopes as a result of
seismic activity and water currents. The complex geomorphology
of the trench slopes, increased water dynamics, heterogeneity of
substrates, and instability of bottom sediments have a great effect
on the composition and abundance of bottom fauna, as well as
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on sampling of bottom animals from trenches (Belyaev, 1989;
Jamieson, 2015; Kamenev, 2019). For example, stations Al and
A9 were conducted on the slopes of the trench at similar depths
(8,251 and 8,221 m, respectively) and were characterized by
approximately the same grain-size structures and organic matter
contents of sediments. However, the abundance of macrofauna
at St. A9 was more than 4-fold higher. These differences in
macrofaunal abundance are presumably related to the structure
and density of bottom sediments at these stations. At St. A1 with
a minimum abundance of macrofauna, the bottom sediments in
the box-corer sample were represented by very dense compressed
silty clay covered by a thin (1-2 cm) loose surface layer of
silt. At St. A9 the thickness of the loose surface layer of
sediments in the sample was 10 cm, with relatively soft silty clay
beneath. Accordingly, the loose and thick surface layer of bottom
sediments at this station provided more favorable habitat for the
abundant macrofauna.

The relatively high taxonomic diversity of macrofauna and
the species richness of polychaetes and bivalves in the box-corer
samples collected from the upper part of the trench slopes are
caused by many factors, of which the major ones are, probably,
the heterogeneity of habitats, the abundance of organic matter
in bottom sediments, and the patterns of vertical distribution
of many benthic animal species. It has been reported that the
heterogeneity of habitats and the abundance of organic matter
in trenches leads to an increase in the species richness and
diversity of bottom fauna (Belyaev, 1989; Jamieson et al., 2010;
Jamieson, 2015; Stewart and Jamieson, 2018; Brandt et al., 2019;
Kamenev, 2019). Furthermore, depths within 6,000-7,000 m are
a transitional zone between the abyssal and hadal faunas, where
the species richness of macrofauna is higher (Belyaev, 1989;
Jamieson, 2015) compared to the adjacent abyssal areas due to
the simultaneous presence of mainly abyssal and hadal species.
The example of the vertical distribution of bivalves in the Kuril-
Kamchatka Trench shows that for many mainly abyssal and hadal
species, these depths are, respectively, the lower and upper limits
of their vertical distribution (Kamenev, 2019).

On the floor of the deepest basins of the Kuril-Kamchatka
Trench, the macrofaunal abundance was maximum and much
higher than previously assumed. In the deepest quantitative
sample collected earlier with an Okean grab from a depth
of 8355 m in the Kuril-Kamchatka Trench, the density of
macrofauna (except nematodes) was 228 ind. m~2 (the density
of polychaetes and bivalves was 80 ind. m~2 for each group)
(Filatova, 1971; Belyaev, 1989). The much higher values of
macrofaunal abundance in the Kuril-Kamchatka Trench that
we obtained are related, to a greater extent, with the use of
a box corer for sampling, which is a more advanced gear for
quantitative assessment of macrofauna at great depths and is
devoid of many shortcomings typical of Okean grab (Filatova,
1982; Belyaev, 1989). The abundance of macrofauna on the
floor of the Kuril-Kamchatka Trench is comparable to that
recorded from the floors of the Aleutian and Izu-Bonin trenches
(Table 6). The high density of macrofauna in the deepest
basins of the Kuril-Kamchatka Trench was confirmed by trawl
samples, where the number of collected animals reached 20,000
(Belyaev, 1989).

The high abundance of animals on the Kuril-Kamchatka
Trench floor, as in the Aleutian and Izu-Bonin trenches, is
probably explained by the high organic matter content of bottom
sediments and the abundance of food available for bottom
animals (Belyaev, 1989). Recent studies have shown that the
organic matter flux to the floors of oceanic trenches comes
from a variety of sources such as terrigenous runoft, vertical
sinking of particulate organic matter from the ocean surface,
lateral transport from slopes, large amounts of sediment moving
down the trench slopes to the floor as a result of landslides and
tectonic activity, remains of dead large animals, and production
of chemosynthetic communities (Belyaev, 1989; Ichino et al,
2015; Jamieson, 2015; Liu et al., 2018; Xu et al., 2018). Therefore,
the organic matter content of sediments on the trench floor
(especially in depressions or basins of a relatively flat bottom) is,
as arule, higher than in sediments on the trench slopes. The ocean
trenches located in highly productive zones are much richer in
species diversity and abundance of bottom fauna compared to
the trenches in oligotrophic and low-productive waters of the
tropical latitudes of the world’s oceans (Belyaev and Mironov,
1977; Belyaev, 1989; Jamieson, 2015).

The increase in the abundance of meiobenthic nematodes
(which was maximum on the bottom of the deepest basins of the
Kuril-Kamchatka Trench) with depth is probably also associated
with the increased organic matter content of bottom sediments of
the trench (Schmidt et al., 2019). The increase in the abundance of
meiofauna with increasing depth have been repeatedly reported
in other studies on eutrophic trenches (George and Higgins, 1979;
Shirayama and Kojima, 1994; Danovaro et al., 2002; Leduc et al,,
2016; Schmidt et al,, 2018; Wang et al., 2019). However, the
abundance of large macrobenthic nematodes, unlike meiobenthic
ones, on the Kuril-Kamchatka Trench floor was minimum
and generally lower than in the abyssal zone of the eutrophic
regions of the North Pacific. The phenomenon of meiofaunal
miniaturization was reported earlier for both oligotrophic and
eutrophic deep-sea waters of the world’s oceans (Shirayama,
1984; Schewe and Soltwedel, 1999; Danovaro et al., 2002; Wang
et al., 2019). After studying the meiofauna of the eutrophic
Atacama Trench, Danovaro et al. (2002) showed that meiofaunal
miniaturization cannot be related to the reduced food availability
or to oligotrophic conditions, as previously suggested by Schewe
and Soltwedel (1999). Danovaro et al. (2002) assumed that most
likely other factors are responsible for the body size reduction
in meiobenthic animals at hadal depths. The decrease in the
sizes of nematodes at the maximum depth of the eutrophic
Kuril-Kamchatka Trench with the high organic matter content
of bottom sediments, as in the Atacama Trench, is apparently not
associated with low food inputs to the trench floor. It is possible
that the reduction in body size is one of nematodes” adaptations
to extreme habitat conditions on the trench floor exposed to very
high hydrostatic pressure (Zeppilli et al., 2018).

One of the key factors also having an effect on the
structure of bottom communities in the trenches is the
environmental instability of, in particular, bottom sediments.
Oceanic trenches are located in zones of seismic activity which
often cause landslides and turbidity flows in areas of steep
slopes of trenches, which negatively affects bottom communities
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(Jumars and Hessler, 1976; Belyaev, 1989; Oguri et al., 2013;
Bigham etal., 2021). In one of the samples from maximum depths
of the Kuril-Kamchatka Trench, we found a small amount of silt
characteristic of trench floor sediments and a rolled lump of very
dense clay of approximately 0.5 m in diameter, which occupied
almost the entire volume of the box corer. It was obvious that
this lump had rolled down from the trench slope to its floor as
a result of a landslide. Landslides on trench slopes are not a rare
phenomenon, since aggregations of large boulders consisting of
compressed clay with a diameter of up to 1 m are frequently
found in fine silts on trench floors (Belyaev, 1989). Landslides
and turbidity flows can have catastrophic consequences for
bottom communities, up to mass mortality of animals on large
areas of the trench floor (Belyaev, 1989). Moreover, landslides
and turbidity flows cause habitat heterogeneity in trenches and
canyons, which affects the diversity and abundance of bottom
macrofauna (Belyaev, 1989; Bigham et al., 2021). It is very likely
that the differences in the taxonomic composition and abundance
of macrofauna at the deepest stations A11 and A7 are associated
with the differences in the local habitat conditions for animals
living on the trench floor.

It is worth mentioning that in the samples collected from
depths more than 8,000 m in the trench, animals with
endosymbiotic bacteria or previously recorded from areas of
hydrothermal vents and cold seeps were found in large numbers.
At a depth greater than 8,000 m (St. A1 and A9), the samples
were dominated by the bivalve Vesicomya sergeevi, which is an
endemic of the Kuril-Kamchatka Trench distributed down to
maximum depths and forming the most abundant populations
in the lower part of slopes (Filatova, 1971; Belyaev, 1989;
Krylova et al, 2015; Kamenev, 2019). Krylova et al. (2000)
found an abundance of endosymbiotic bacteria of two phyla,
presumably chemoautotrophic, in gill tissues of this bivalve
species. Furthermore, a large number of pogonophorans and
gastropods from the family Neomphalidae and the genus
Sahlingia were found at St. A7 at a depth of 9,495 m (Fukumori
et al., 2019). Pogonophorans are widely distributed over the
hadal zone of the Kuril-Kamchatka Trench, where they form
sometimes abundant populations at depths greater than 9,000 m.
In one of the trawl samples from a depth of 9,000 m, the
number of pogonophoran specimens was almost 1,500, which
proved to be the second most abundant group after holothurians
in this sample (Belyaev, 1989). Also, all previously described
gastropod species from the family Neomphalidae and the genus
Sahlingia were found only in areas of various gas hydrothermal
vents and cold seeps (Warén and Bouchet, 2001). A large
number of oligochaetes recorded from St. A11 (depth 9,540 m)
were previously found only to a depth of 7,298 m (Aleutian
Trench) (Erséus, 1979). Many of oligochete species also have
endosymbiotic chemosynthetic bacteria (Dubilier et al., 1995,
2005; Blazejak et al., 2005). The abundance of animals containing
endosymbiotic chemosynthetic bacteria in the trench may be due
to the cold seeps on the slopes and floor of the Kuril-Kamchatka
Trench (Fukumori et al., 2019). For example, hadal cold seep
communities in the Japan Trench were found to a depth of
7,326 m (Fujikura et al., 1999; Okutani et al., 1999; Sasaki et al.,
2005). Also, Li et al. (2021) suggest that the chemoautotrophic

activity in the oceanic crust could be an additional source of
organic carbon in trench sedimentary environments. Thus, our
study confirms that abundant bottom communities, some of
which supposedly utilize nutrients produced by chemosynthetic
bacteria, are formed within the abyssal and hadal zones in the area
of the Kuril-Kamchatka Trench, located in the eutrophic region
of the Pacific Ocean.

CONCLUSION

(1) This study has demonstrated that the abyssal communities
of the Kuril Basin (Sea of Okhotsk) are quite stable
and adapted to constant oxygen deficiency at depths of
more than 3000 m. The high content of organic matter
in the sediments of the Kuril Basin probably partially
compensates for the negative effect of oxygen deficiency
on bottom fauna. However, local conditions on the basin
floor, particularly the oxygen concentration at the surface
of the sediment, can significantly affect the composition,
distribution and abundance of bottom fauna, which
requires more detailed studies of this deep-sea ecosystem.
The exchange of deep-sea bottom faunas between the Sea
of Okhotsk and the Pacific Ocean occurs via the deep-
water straits between the Kuril Islands. It is possible that
part of the populations of bottom animals in the Sea of
Okhotsk are constantly replenished by Pacific populations
living under more favorable conditions. Further studies of
the bottom fauna will allow a more accurate assessment of
the faunal relationships of the deep-sea ecosystems of the
Sea of Okhotsk and the Pacific Ocean.

(2) The high primary production of surface waters and the
inflow of Okhotsk Sea waters rich in organic matter
through the straits of the Kuril Islands support a diverse
and abundant bottom fauna in the abyssal and hadal zones
of the Kuril-Kamchatka Trench region. The most favorable
conditions for the bottom communities exist in the upper
abyssal zone of the oceanic slope of the Kuril Islands at
depths of less than 4000 m. Probably, the bathyal bottom
fauna of the oceanic slope of these islands at depths of less
than 3000 m is no less diverse and abundant. However, this
assumption can be substantiated by extensive additional
studies of the bathyal bottom fauna of the Kuril Islands and
its relationships with the abyssal fauna.

(3) We have shown that the abundance of macrofauna at
the bottom of the eutrophic Kuril-Kamchatka Trench is
much higher than previously reported. High hydrostatic
pressure is probably the main limiting factor affecting
the vertical distribution of animals in the hadal zone
of the trench. Also, the distribution of bottom animals
in the trench is greatly influenced by the substrate
heterogeneity and instability on its slopes. A small number
of macrofaunal species that were able to adapt to bottom
habitats of the trench form more abundant populations,
compared to those in the abyssal zone of the studied
northwestern Pacific region. The dominant species of
bivalves on the trench floor are endemic to the hadal zone
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and were only recorded at depths greater than 6000 m.
However, the dominant species of polychaetes had a wide
vertical distribution (more than 5000 m) and were found
outside the trench. A number of taxonomic groups and
species of macrofauna that form abundant populations
on the trench floor harbor chemosynthetic endosymbiotic
bacteria. This indicates the importance of chemosynthetic
organic carbon for sustaining bottom communities at the
maximum depths of the trench. Further studies of the
bottom communities of oceanic trenches will allow us to
assess in detail the contribution of chemosynthetic organic
carbon to the functioning of the deepest ecosystems of
the World Ocean.
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