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The work is devoted to problems of mutual adaptation of two invasive commercial crab species, the red
king crab Paralithodes camtschaticus and the snow crab Chionoecetes opilio, and the recipient ecosys-
tem of the Barents Sea. Data on the distribution of megabenthic communities obtained for 2006-2020
are provided. The dynamics of invasive crab populations is analyzed, and related changes that oc-
curred in the Barents Sea bottom communities during this period are studied. Mechanisms of the im-
pact of crab species on bottom communities and prospects for their colonization of the Barents Sea
are discussed. The research is based on the results of quantitative and taxonomic analysis of bycatch
in 6,010 bycatches with a Campelen 1800 trawl performed in the Barents Sea in 2006—2020 during
the joint Russian—Norwegian ecosystem survey on RV of the Polar branch of VNIRO and the Institute
of Marine Research. The expansion of the range and increase in abundance of the red king crab since
the early 1990s led to its colonization of the vast area of the southern Barents Sea. In 2006-2010,
this species dominated in megabenthic communities around the Murmansk Rise and Kaninskaya Bank.
In 2016-2020, the red king crab spread north and east — up to the Kolguev Island and the southern slope
of the Goose Bank. An increase in abundance of the snow crab resulted in its colonization of a huge
area in the Barents Sea: from the Pechora Sea to the Franz Josef Land archipelago and from the Novaya
Zemlya archipelago to the Spitsbergen archipelago. In 2006-2010, the snow crab abundance started
to increase in the Novaya Zemlya archipelago area; there, it was a subdominant species in communi-
ties of soft sediments of the Goose Bank. In 2011-2015, the snow crab began to dominate in com-
munities of the Goose and Novaya Zemlya banks and the northern Central Bank. At the same time,
it continued to increase its role as a subdominant species in almost all megabenthic communities near
the Novaya Zemlya archipelago. Later, in 20162020, this species dominated in benthic communi-
ties on the boundary with the Kara Sea between the Novaya Zemlya and Franz Josef Land archipela-
gos, on the slopes of the Novaya Zemlya Bank, near the Central Bank, and in the Southern Novaya
Zemlya Trench. Its range increased and covered the area from the Franz Josef Land and Novaya Zemlya
archipelagos to the Perseus Bank in the west and to the Pechora Sea in the south. As shown, under cur-
rent climatic conditions, the red king crab will remain part of megabenthic communities in the south-
eastern Barents Sea. The snow crab will continue to migrate from the east to the western Barents
Sea, up to the Spitsbergen archipelago, where similar benthic communities exist; in case of colder
conditions, its migration will occur faster. A scenario is possible in which shallow waters of the Spits-
bergen archipelago will be a new reproductive center of the snow crab population in the Barents Sea,
along with the current center near the Novaya Zemlya archipelago.

Keywords: Barents Sea, megabenthos, bottom communities, red king crab, Paralithodes camtschaticus,
snow crab, Chionoecetes opilio
Most benthic communities of large marine ecosystems, such as the Barents Sea, are subject to spatial
and temporal transformation. Some of the key factors affecting their restructuring are climate fluctuations,
interspecific competition, and anthropogenic load.
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In the Barents Sea, such changes are studied for quite a long time and identified on the example
of macrozoobenthos against the impact of climate and bottom trawling [Denisenko, 2003, 2007, 2013;
Manushin, 2021a, b] and pressure from introduced species [Manushin et al., 2021; Strelkova et al., 2021;
Zakharov et al., 2021b, 2022b]. Long-term data on bycatch of bottom invertebrates during ichthyologi-
cal trawling are available, and differences are revealed between this part of the community and macro-
zoobenthos investigated using bottom grabs and dredges [Zakharov et al., 2021a]. So, the question arises
on its response to external effects. In literature, benthos caught in ichthyological trawls is predominantly
called megabenthos [Atlas of the Megabenthic Organisms, 2018; Gutt, Starmans, 1998; Jgrgensen et al.,
2022; Rybakova et al., 2019; Zakharov et al., 2020]; less commonly, it is called trawl macrobenthos [Kol-
pakov et al., 2018; Shuntov, Volvenko, 2015].

Recently, the emergence of new species on the Barents Sea shelf has become fairly common [Za-
kharov, Jgrgensen, 2017]. As a rule, these are single findings, and the impact of such invaders on native
communities is mostly local and limited. The exceptions are the red king crab Paralithodes camtschati-
cus (Tilesius, 1815) and the snow crab Chionoecetes opilio (Fabricius, 1788). Due to their size, these
species can be classified as megabenthos; so, the investigation of their bycatch in trawl benthos is of cer-
tain interest when studying both their acclimatization and associated dynamics of benthic communities
in the Barents Sea.

The introduction of the red king crab into the Barents Sea occurred more than 60 years ago [The Red
King Crab, 2021]; the introduction of the snow crab, more than 25 years ago [Kuzmin et al., 1998; Snow
Crab Chionoecetes opilio, 2016]. The expansion of the range and increase in the abundance of the red
king crab since the early 1990s resulted in the fact that this species colonized a vast site of the southern
Barents Sea. The range of the snow crab rose from the Goose Bank (one finding in 1996) to a broad area
in the Barents and Kara seas and adjacent waters.

The nutrition of the red king crab and snow crab was properly analyzed, and this allowed both
to describe their food spectrum in the Barents Sea and identify the most intensively consumed groups
of animals [Manushin, 2021b; Snow Crab Chionoecetes opilio, 2016; Zakharov et al., 2021b, efc.]. With
bycatch data from ichthyological trawls, one can assess the distribution of invasive crabs, their biomass
in new areas, and possible effect on other megabenthic species. In this regard, the aim of this study is to re-
veal changes in the structure of megabenthic communities that have occurred over the past 15 years under
the impact of the red king crab and the snow crab.

MATERIAL AND METHODS

Material for this work was sampled during annual Russian—Norwegian ecosystem survey in Au-
gust—November 2006-2020 (Fig. 1A). The research covered the entire Barents Sea, the northwestern
Kara Sea, the eastern sites of the Norwegian and Greenland seas, and adjacent areas of the Arctic Ocean.
Trawls were mainly carried out within nodes of the standard grid of stations, with a distance between
stations of about 40 nautical miles (Fig. 1B).

The material was sampled with a Campelen 1800 trawl [Atlas of the Megabenthic Organisms,
2018]. Within 2006-2020, 6,010 stations were performed. The material was processed onboard the RV
by a unified technique [Zakharov et al., 2020, 2022a]. In total, 1,182 taxa were identified; out of them,
747 taxa were identified down to the species level. Animals were taxonomically identified to the lowest
level possible. Material on the snow crab and red king crab was sampled since 2004. Data on nutrition
of crabs were taken from previously published works [Manushin, 2021a; Zakharov et al., 2021b].
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Fig. 1. Position of bottom trawls in 2006-2020 (A) and the standard grid of stations (B) in the joint
Russian—Norwegian ecosystem survey

For comparative analysis, biomass values provided in this paper were calculated for a standard trawl-
ing distance of 1 nautical mile. Pelagic and benthopelagic species, e. g., the northern shrimp Pandalus
borealis Krgyer, 1838, were excluded from the dataset.

To estimate the changes in megabenthic communities over 15 years, this period was divided into
three ones: 2006-2010, 2011-2015, and 2016-2020. Stations performed during each period and lo-
cated at a distance of < 35 nautical miles from nodes of the standard grid (Fig. 1B) were combined
for subsequent analysis. Stations situated at longer distances and not covered by the standard grid
were excluded from the dataset. Each trawl point matched only one node of the standard grid of sta-
tions. The variation in depths between stations at nodes of the standard grid for each period averaged
about 5 m.

The material obtained in different years during cruises of several RV and processed by researchers
of various qualifications differed in the detail of taxonomic processing. Accordingly, to standard-
ize the initial data and analyze it properly, part of the material was not used or was taxonomi-
cally grouped. Species and taxa recorded only once during the entire study period were excluded
from the dataset. Supraspecific identification of widespread and easily identifiable species was ruled out
as well [e. g., Hyas sp. against the backdrop of occurrence of two well-recognized species, Hyas ara-
neus (Linnaeus, 1758) and Hyas coarctatus Leach, 1815]. Animals identified down to the phylum, class,
and order levels were excluded from the analysis due to their low abundance or negligible contribu-
tion to total biomass. Species with low biomass (bryozoans, hydroids, and amphipods) and difficult
to taxonomically identify (sponges and polychaetes) were grouped within family rank.

For each group of stations united within nodes of the standard grid of trawling, a total list of taxa
was made, and their ratios in the total biomass were determined. The obtained data were processed
by k-means clustering using the Bray—Curtis dissimilarity as a station-by-station similarity measure.
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The number of clusters was determined for each period based on testing their optimal number by various
statistical techniques: elbow method, gap statistic, silhouette method, and clustree.

The data were statistically processed in R applying the following libraries: geosphere, tidyr, tidyverse,
ggplot2, clustree, vegan, factoextra, and cluster. Also, MS Office Excel was used. Maps were constructed
in Golden Software MapViewer 8.

The names of the morphostructures of the Barents Sea are taken from the publication
of A. Zinchenko [2001].

RESULTS

Monitoring which we have begun in 2004-2005 showed that the snow crab and the red king crab were
recorded in the survey area at 1% of stations. Then, their occurrence changed. For the snow crab, it in-
creased sharply and rose almost by 30 times by 2020. For the red king crab, it remained almost at the same
level of 2% until 2013, started to increase in 2014, and finally reached the value of 4-5% (Fig. 2). This
reflects different stages of acclimatization for crab populations during the study period. Specifically,
the red king crab was at the last stages of naturalization, while the snow crab was actively exploring
the recipient ecosystem expanding its range and increasing the abundance.

In 2004, the distribution area of the snow crab was 20 thousand km?; that of the red king crab
was 28 thousand km?. By 2020, the range of the snow crab increased by more than 40 times and reached
the value of 831 thousand km?, while that of the red king crab rose only by 6 times, up to 176 thou-
sand km?. The rates of increase in both the frequency of occurrence and range for the snow crab were
significantly higher than those for the red king crab (Fig. 2).
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Fig. 2. Frequency of occurrence (%) (A) and range area (km?) (B) of the snow crab and the red king crab
in 20042020

To analyze the fluctuations in the composition of megabenthos over 15 years, we selected nodes
of the standard grid of stations (Fig. 1B) where the snow crab and the red king crab were encoun-
tered during the entire study period. The proportion of the snow crab in the total biomass of bycatch
in its habitat gradually increased from 0.2% in 2006 to 2% in 2011. In 2012, it rose to 5%; by 2013,
the value increased sharply to 15%. In subsequent years, the relative biomass stabilized, varied slightly
at one level, and reached 20.6% by 2020. In 2008-2013, the relative biomass of the red king crab
in the survey area varied at the level of 1-2%; since 2014, it increased sharply; and by 2020, it amounted
to 28.9% (Fig. 3).
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In general, in the distribution area of considered invaders, the proportion of almost all megabenthic
groups decreased since 2006: ascidians, from 5 to 0.1% in 2020; cnidarians (mainly, sea anemones),
from 7 to 1%; crustaceans (excluding introduced species), from 6 to 3%; and molluscs, from 5.2
to 1.3%. The proportion of echinoderms dropped significantly: from 62% in 2006 to 36% in 2020.
No changes were recorded in the relative biomass of polychaetes (Annelida in Fig. 3), nemerteans, pri-
apulids, efc. (Varia in Fig. 3). At the same time, an increase in the proportion of sponges was noted
in bycatches: from 5 to 10% (Fig. 3).
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Fig. 3. Dynamics of the ratio of biomass of the main megabenthic groups and two invasive species in their
range in the Barents Sea (three-year moving averages)

The dynamics of the relative biomass of the snow crab showed a statistically significant positive
trend (R = 0.69; p = 0.0015) (Fig. 4). When ruling out the data for 2018 and 2019, when the snow
crab aggregations were under-surveyed [ICES Working Group, 2020], the coefficient of determination
increased to 0.79.
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Fig. 4. Dynamics of the snow crab relative biomass in its range. The solid line represents three-year moving
averages; the dotted line, linear trend
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The moving average of the dynamics of the relative biomass for the snow crab within its distribution
area is characterized by a rise, with a slight decrease in recent years (Fig. 4). However, this trend is not
typical for all sites of the range. Thus, in the Goose Bank, the linear trend in the dynamics of the relative
biomass for the snow crab in 2006-2020 is negative (Fig. 5A); in the Central Bank area and Novaya
Zemlya shallows, it is positive (Fig. 5B-D).
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Fig. 5. Dynamics of the snow crab relative biomass in the Goose Bank (A), Central Bank (B), southern
Novaya Zemlya Bank (C), and northern Novaya Zemlya Bank (D). The solid line represents three-year
moving averages; the dotted line, linear trend (data from all catches in the area are used)

Until 2015, the proportion of the red king crab in the total biomass of megabenthos within its range
rapidly increased; then, it stabilized at a fairly high level, with a slight downward trend (Fig. 6). For the red
king crab, the trend of the dynamics of the relative biomass was statistically significant (R? = 0.81;
p=0.0012).
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Fig. 6. Dynamics of the red king crab relative biomass in its range
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According to the results of k-means clustering, 11 clusters were identified in the first analyzed period;
11 clusters were revealed in the second one; and 12 were defined in the third one (Fig. 7, Table 1).
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Fig. 7. Megabenthic communities in the Barents Sea and adjacent waters based on the surveys
of 2006-2010, 2011-2015, and 2016-2020. Designations of the communities are given in Table 1

In 2006-2010, the biomass of the snow crab rapidly increased in the southeastern Barents Sea. This
species became a subdominant one [against the backdrop of the prevalence of the starfish Ctenodiscus
crispatus (Bruzelius, 1805)] in soft-soil communities in the Goose Bank area [community No. 6 in Fig. 7
and Table 1]. By 2010, the snow crab already locally dominated in the biomass of megabenthic catches
in this site [Lyubin et al., 2010a].
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Table 1. Megabenthic communities in the Barents Sea based on the surveys of 2006-2010, 2011-2015,
and 2016-2020. Designations of the communities are the same as in Fig. 7. Dominant and subdominant
species are given with relative biomass indicated (%)

i

Geodiidae (1.9)
Hippasteria phrygiana (1.7)

i

camtschaticus (41.7)
Suberitidae (1.8)

=

2006-2010 2011-2015 2016-2020
Com- | Dominant and subdominant | Com- | Dominant and subdominant | Com- | Dominant and subdominant
munity species munity species munity species
Paralithodes
Paralithod
camtschaticus (55.0) aratihodes Paralithodes

camtschaticus (61.2)

@

Gorgonocephalus (14.8)
Ophiopleura borealis (9.7)
Umbellula encrinus (7.6)
Heliometra glacialis (7.3)
Ophiacantha bidentata (5.8)

@

Ophiopleura borealis (21.0)
Gorgonocephalus (12.9)
Molpadia (6.6)
Ophiacantha bidentata (5.6)
Ophioscolex glacialis (4.5)

@

Ophiopleura borealis (24.3)
Chionoecetes opilio (4.9)
Molpadia (4.0)
Gorgonocephalus (3.7)

®-

Geodiidae (75.4)

Parastichopus tremulus (1.4)

®-

Geodiidae (67.2)
Ancorinidae (4.9)

@®-

Geodiidae (70.2)
Ancorinidae (4.9)

@-

Actiniaria (57.4)
Alcyonacea (7.0)
Hormathiidae (5.1)
Hippasteria phrygiana (3.5)

Q-

Hormathiidae (8.7)
Actiniaria (6.5)

Urasterias lincki (6.2)
Ctenodiscus crispatus (5.0)

®-

Bolocera tuediae (10.1)
Hippasteria phrygiana (10.1)
Parastichopus tremulus (8.2)
Hormathiidae (5.0)
Molpadia (4.5)

O -

Gorgonocephalus (48.8)
Actiniaria (2.9)
Heliometra glacialis (2.8)
Ctenodiscus crispatus (2.5)

O -

Gorgonocephalus (45.9)
Ctenodiscus crispatus (4.2)
Sabinea septemcarinata (3.1)
Chionoecetes opilio (2.1)

O

Gorgonocephalus (37.6)

Chionoecetes opilio (13.0)
Ophiopleura borealis (4.2)
Ophioscolex glacialis (4.1)

Or

Ctenodiscus crispatus (23.7)
Chionoecetes opilio (7.7)
Urasterias lincki (7.0)
Icasterias panopla (6.7)

Oe

Ctenodiscus crispatus (39.6)
Icasterias panopla (18.6)
Urasterias lincki (10.0)
Sabinea septemcarinata (8.7)
Hormathiidae (5.8)

O

Ctenodiscus crispatus (23.1)
Urasterias lincki (9.6)
Icasterias panopla (6.9)
Polymastiidae (5.0)
Chionoecetes opilio (4.4)

@®-

Sabinea septemcarinata (5.7)
Gorgonocephalus (5.5)
Ctenodiscus crispatus (3.6)

Ctenodiscus crispatus (9.2)
Urasterias lincki (4.6)
Gorgonocephalus (3.6)

Polymastiidae (10.6)
7 Actiniaria (8.3)

Q Molpadia (7.5) Molpadia (24.8) Molpadia (22.9)
Ctenodiscus crispatus (6.2) 7 ) N 7 ) -
Theneidae (4.1) Cl‘enOdlSC.b.lS crispatus (11.2) Ctenodiscus crtfpa.tus (12.3)
Ciona intestinalis (13.7) Polym.astndae 3.6) Q Bathyarc? glacialis (7.6)

8 Molpadia (11.5) Theneidae (3.6) Polymastiidae (7.1)

Q Ctenodiscus crispatus (4.3)

Strongylocentrotus (4.3)
Strongylocentrotus (34.4)
Strongylocentrotus (35.1) 9 Chionoecetes opilio (18.0) 9 Strongylocentrotus (37.9)

Chionoecetes opilio (9.9)
Gorgonocephalus (1.7)

Continue on the next page...
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2006-2010 2011-2015 2016-2020
Com- | Dominant and subdominant | Com- | Dominant and subdominant | Com- | Dominant and subdominant
munity species munity species munity species
Gorgonocephalus (7.9) Heliometra glacialis (7.6)
10 Hell.'or'ne.lr a glacialis (27.6) 10 Sabinea septemcarinata (6.4) 10 Sabinea septemcarinata (6.0)
Actiniaria (6.0) Heliometra glacialis (6.1) Ctenodiscus crispatus (5.6)
Q Sabinea Q Ophiacantha bidentata (5.0) O Chlamys islandica (5.0)
septemcarinata (3.7) Strongylocentrotus (4.4) Ophiacantha bidentata (4.7)
Ctenodiscus crispatus (4.1) Gorgonocephalus (4.5)
Cucumaria frondosa (21.2)
11 Cucumaria frondosa (32.0) 11 Paralithodes
Sabinea septemcarinata . Microcosmus glacialis (4.7) . camtschaticus (13.8)
(15.4) Balanus (1.9) Suberitidae (7.0)
11 | Cucumaria frondosa (12.7) Hormathiidae (2.3)
. Sclerocrangon boreas (7.0) Strongylocentrotus (13.8)
gz;l;nzageg 64) b f;f,ﬁam a 104; o 12 | Strongylocentrotus (16.2)
Sromestownronis (54) O “ amys islandica (6.9) O Balanus (9.1)
’ cyonidium Chlamys islandica (6.9)
gelatinosum (5.6)
Hyas araneus (4.7)
13 Chionoecetes opilio (35.3)
+ Ctenodiscus crispatus (4.1)
Gorgonocephalus (3.3)

In 2011-2015, the snow crab became a subdominant species in the Novaya Zemlya shallows (commu-
nity No. 9 in Fig. 7 and Table 1) and the northern Central Bank (No. 5). During this period, it was a sub-
dominant species in almost all communities of the Novaya Zemlya archipelago. The area of several com-
munities shifted. Specifically, for sea urchins, the area decreased (No. 9), and for the mud star C. crispa-
tus (No. 6), it increased. The snow crab populations were unstable (see Fig. 5). Thus, the dense aggre-
gation in the Goose Bank dropped greatly, and this is associated with the redistribution of aggregations
in general. The snow crab aggregations that moved to the areas of the Central Bank and the southern No-
vaya Zemlya Bank were increasing their proportions in communities since 2006, and in the northern
Novaya Zemlya shallows, since 2009.

In 2016-2020, the snow crab prevailed in communities (No. 13 in Fig. 7 and Table 1) between
the Novaya Zemlya and Franz Josef Land archipelagos on the border with the Kara Sea, on the slopes
of the Novaya Zemlya shallows and in the Central Bank, and in the Southern Novaya Zemlya Trench.
The area of communities with the subdominance of this hydrobiont increased and covered the area
from the Franz Josef Land and Novaya Zemlya archipelagos to the Perseus Bank, as well as the north-
ern Pechora Sea (No. 2, 5, and 9). To the south of the Franz Josef Land archipelago, the snow crab
was a subdominant species in the community of the brittle star Ophiopleura borealis Danielssen & Ko-
ren, 1877 (No. 2). In the Novaya Zemlya Bank, in the community dominated by sea urchins of the genus
Strongylocentrotus Brandt, 1835 (No. 9), mainly Strongylocentrotus pallidus (G. O. Sars, 1871),
the snow crab was the second most dominant species. In the eastern sea, in the community of brittle
stars of the genus Gorgonocephalus Leach, 1815 (No. 5) and O. borealis (No. 2), the snow crab
was on the second position.
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In 2006-2010, the red king crab prevailed among megabenthic organisms in coastal waters
of the Kola Peninsula, in the Murman Rise, and in waters off the Kanin Peninsula (community No. 1
in Fig. 7 and Table 1). In the community of sponges (No. 3) in the Eastern Murman and warm-water
species (No. 4) in the Western Murman, it was a subdominant species.

In 2011-20135, it still dominated in the North Cape area and Eastern Murman waters, but became
less common in bycatches in the coastal Western Murman and Murmansk Rise. Dense aggregations
of the red king crab on the southern slope of the Kaninskaya Bank expanded eastward, to the Kanin
Peninsula.

In 2016-2020, the area of the red king crab dominance expanded noticeably to the northeast: this
species prevailed in communities around the entire Kanin Peninsula, north and west of Kolguev Is-
land, off the Kaninskaya Bank, and in the Goose Bank. In the community of the orange-footed sea
cucumber Cucumaria frondosa (Gunnerus, 1767) (No. 11 in Fig. 7 and Table 1), the red king crab
was the first subdominant in the areas of the southern Murmansk Rise, on the slopes of the Kanin-
skaya Bank, and in the southern Goose Bank. To a limited extent, it was also found in communities
of sponges of the genus Geodia Lamarck, 1815 (No. 3), warm-water species (No. 4), and shallow-
water species (No. 12) in the Pechora Sea. Moreover, it was recorded in the community of the snow
crab (No. 13) at the southern tip of the Novaya Zemlya (see Fig. 1 and Table 1).

DISCUSSION

Studies of the dynamics of macrozoobenthic communities in the Barents Sea showed that their alter-
ations under the impact of climatic factors and bottom trawling are registered with a delay of approxi-
mately four years [Denisenko, 2013; Lyubina et al., 2012, 2016]. In the case of larger and longer-lived
megabenthic organisms, the delay in the recorded response to stress or shifts in environmental conditions
should be longer. For these reasons, to analyze changes in the structure of the megabenthic component
of benthic communities, we considered not annual data, but data over five-year periods.

In different areas of the Barents Sea, communities are undergoing transformations according
to various scenarios (depending on the strength of the effect of prevailing factors).

In the southern Barents Sea, the key factors affecting benthic communities are as follows: the influx
of warm Atlantic waters [Denisenko, 2003, 2007, 2013; Zakharov et al., 2022b], active bottom trawl-
ing [Lyubin et al., 2010b], predation by the red king crab [Manushin, 2021a, b], and predation by dem-
ersal fish (mostly haddock and flounder) [Eriksen et al., 2020]. Importantly, over the past few decades,
none of the listed factors has prevented the active acclimatization of the red king crab in the southern
Barents Sea, increase in its abundance, and expansion of its range.

The long period of positive temperature anomalies observed in the sea since the late XX cen-
tury [Boitsov et al., 2012; Trofimov et al., 2018] contributed to the distribution of the crab not only
westward, along the coast of Norway, but also eastward, along the Kola Peninsula coast up to the White
Sea Gorlo Strait and the Murmansk and Northern Kanin Rise [The Red King Crab, 2021].

Active bottom fishing in the southern Barents Sea has an extremely negative impact on megaben-
thos [Lyubin et al., 2010b, 2011; Lgkkeborg, Fossa, 2011; Zakharov, Luybin, 2012], but affects the red
king crab to a lesser extent. Current fishing regulations in the Russian Federation are aimed at maximum
protection of this species — a valuable commercial resource. Bycatch of more than 10 crabs per 1 ton
of catch is prohibited. If this level of bycatch is exceeded, the vessel must change its position by 5 nau-
tical miles. All caught crabs, regardless of number, sex, and size, must be immediately returned to their
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habitat; this is strictly controlled by regulatory agencies. Poaching is localized mostly in coastal waters
and has minimal impact on dense commercial aggregations in the open sea. Moreover, bottom trawling
provides additional food for crabs (waste from onboard fish processing and discards of substandard parts
of the catch) [Manushin, 2021a]. Also, animals injured by trawls become attractive and easy prey [Kedra
etal., 2017].

Out of the above-listed factors, the only negative one can be competition with bottom fish. However,
commercial fishing actively reduces its pressure on bottom communities, and fish consumption of adult
crabs is extremely insignificant [Dolgov, Benzik, 2021]. So, in recent years, in the open, southern Barents
Sea, very favorable conditions have developed for the red king crab distribution.

A weakly expressed increase in the frequency of occurrence (see Fig. 2) and distribution area
of the red king crab during the study period, compared to indicators of the snow crab, is due to the smaller
range area and the fact that a noticeable part of its population is concentrated off the coast. Moreover,
trawl catches of the red king crab in open waters (with a rather sparse grid of ecosystem survey sta-
tions) are mostly random because of the high mobility of aggregations of large sexually mature males:
those perform long and extensive migrations both to find food and reach breeding sites [Berenboim,
2003]. A significant proportion of the red king crab in the total biomass of megabenthos is also ex-
plained by the fact as follows: in the southern Barents Sea, the trawl bycatch of megabenthos is quite
low, and one of its possible reasons seems to be the long-term negative impact of active trawling [Lyubin
etal., 2010b]. Thus, even one commercial male weighing several kilograms caught by trawling can cause
the total biomass of megabenthos in the bycatch to be exceeded.

The main groups of macrozoobenthos most actively consumed by the red king crab are echinoderms
and molluscs [Strelkova et al., 2021]. Within the distribution area of this species, out of megabenthic or-
ganisms, the relative biomass of sea anemones, crustaceans, and ascidians also decreased during the study
period. At the same time, an increase in the relative biomass of sponges was noted, the biomass of which
negatively correlates with the distribution density of the red king crab. Specifically, in the Western Mur-
man waters (part of the coast west of the Kola Bay), after a drop in the distribution density of the red
king crab, a rise in the relative biomass of sponges was recorded — up to formation of local communities
with their dominance.

A change in the structure of the benthic population, with the replacement of part of the benthic
community by sponges, was previously recorded in the Svyatonos settlement of the Icelandic scal-
lop Chlamys islandica (O. F. Miiller, 1776), in the area of mass development of the seston-feeding
fauna [Nosova et al., 2018; Zolotarev, 2016]. The factor mostly affecting the change in the compo-
sition of the community in this area was the long-term fishery of the Icelandic scallop. As a result
of overfishing and consequent epizootic, the dominant species, i. e., the Icelandic scallop, was replaced
by other seston-feeders, mainly sponges. Unlike more highly organized animals, those are weakly sus-
ceptible to pressure from predators, infectious diseases, and damage by commercial dredges. Impor-
tantly, after mechanical disruption of the integrity of the sponge body, new individuals can be formed
from the body fragments. Under artificial conditions, a fragment of the sponge Geodia barretti Bower-
bank, 1858 (a species widespread in the Barents Sea) completely regenerated the structure of its
body within a year and increased its mass by 40% [Hoffmann et al., 2003]. To date, the proba-
bility of a reverse process — a competitive replacement of sponges by scallops when their fishing
ceases — is not clear. Apparently, degradation of the scallop population under the impact of fish-
ing is irreversible; therefore, restoration of the stock of this valuable species to its previous level
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is impossible. However, for other hydrobionts, this factor can be a positive one: by forming dense set-
tlements, sponges ensure a favorable habitat for many animal species [Kedra et al., 2017; Khalaman,
Komendantov, 2011].

A similar picture was noted in areas with mass settlements of the orange-footed sea cucumber
in shallow waters of the northwestern and southeastern Barents Sea (the Spitsbergen, Goose, and North
Kaninskaya banks and Moller Plateau). In 2006-2010, its community was not isolated during clustering,
but was combined with a community characteristic of shallow waters of the southeastern sea and part
of the Spitsbergen Bank. In 2011-2015, the relative biomass of C. frondosa in the southern sea in-
creased (see Table 1) which may be due to a gradual consumption of certain benthic groups by the red
king crab and a restructuring of the community. Previously, similar structural changes — a decrease
in the number of main components (taxa) of the red king crab food spectrum and an increase in the abun-
dance of their trophic competitors not consumed by this crab — were recorded in the macrobenthic com-
munities of Motovsky Bay [Strelkova et al., 2021]. A similar picture was registered in several other water
basins with the appearance of invaders [Alimov et al., 2000].

The ethological aspects of the biology of the red king crab and snow crab differ significantly. The first
species, whose breeding and feeding areas are spatially separated, performs long and extensive migra-
tions. As already mentioned, this mainly concerns sexually mature males of commercial size. Females
and juveniles are more sedentary and stick to a narrow coast almost all year round [The Red King
Crab, 2021]. So, in the open, southern Barents Sea, the bycatch is dominated by large male red king
crabs — grazing predators. In contrast, the snow crab has noticeably less pronounced migratory ac-
tivity. Throughout its range, catches include individuals of both sexes and all age groups with slight
differentiation by depth [Zakharov et al., 2021b].

The growth of the snow crab population has led to its colonization of a huge area in the eastern
and northern Barents Sea: from the Pechora Sea to the Franz Josef Land archipelago and from the No-
vaya Zemlya archipelago to Spitsbergen. In general, its distribution largely copies the distribution
within the Barents Sea of Pacific-origin species, e. g., whelks [Zakharov, 2013]. To date, Pacific
species are recorded throughout the Barents Sea, but they form a stable faunal complex in the Novaya
Zemlya, Kanin—Pechora, and Medvezhin—Nadezhdin shallows only. The faunal similarity of the benthic
population indicates the similarity of living conditions in these remote areas.

The habitat of the snow crab continues to expand westward, to the Spitsbergen archipelago. There,
the benthos is similar in terms of species composition and quantitative characteristics to communities
widespread in the area of the densest concentrations of the snow crab.

However, modern data indicate that the expansion of its range westward is much slower than east-
ward, into adjacent areas of the Kara Sea [Zalota et al., 2018, 2019, 2020; Zimina, 2014]. Apparently,
the main factor inhibiting its westward distribution is now the warming of the Barents Sea waters ob-
served in the last few decades [ICES Working Group, 2022]. Obviously, in case of a cold snap, coloniza-
tion of the snow crab in the western sea may accelerate [Bakanev, 2017], and a new center of its reproduc-
tion may be formed in the Spitsbergen archipelago area — in addition to the existing one off the Novaya
Zemlya archipelago.

In some years within 2006-2010, in the Goose Bank, the bycatch of the snow crab reached 30—-40%
of the catch mass. In subsequent years, there were a decrease in its abundance in this site and forma-
tion of new dense settlements much further north, in the area of the Novaya Zemlya Bank and eastern
slopes of the Central and Perseus banks. A drop in the abundance of the snow crab and its importance
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in the megabenthic part of the benthic community in the Goose Bank area may be associated both with
the impact of warm waters of one of the North Cape Current branches and with a decrease in the food
supply after the explosive growth in the abundance of the invader.

Interestingly, in 2006—2010, in the Central Basin area, there was a community dominated by the as-
cidian Ciona intestinalis (Linnaeus, 1767) (No. 8 in Fig. 7 and Table 1). During next two periods, it was
no longer distinguished: it was absorbed by a community dominated by holothurians of the genus Molpa-
dia Cuvier, 1817. This may be partly due to the fact that the growing population of the snow crab feeds
on ascidians. Their large size, soft cylindrical body with no protective shell, and attached lifestyle — ap-
parently, all these characteristics made ascidians vulnerable to the invasive predator occurring in mass,
in contrast to Molpadia representatives burrowing into the ground.

Undoubtedly, as mentioned above, against the backdrop of a cold snap, the frequency of occur-
rence and range of the snow crab will increase [Bakanev, 2017]. However, a rise in the abundance
of the invader in already explored areas is unlikely, since the main limiting factor in this case is not
the ambient temperature, but the food supply. Apparently, after the colonization of certain areas, there
will be a redistribution of aggregations into adjacent communities suitable for the species and a reduc-
tion in the abundance of the invader down to an optimal level. To date, a similar picture is observed
in the Goose Bank and partly in the southern Novaya Zemlya Bank, where the growth in the abundance
of the invasive species is slowing down or has already stopped. Most likely, new productive genera-
tions will arise locally in areas that are being explored by the invader for the first time, for example,
off the Spitsbergen and Franz Josef Land archipelagos and in elevations of the northern and central
Barents Sea.

Like the red king crab, the snow crab displaces or replaces native species by consuming them or com-
peting for food. However, due to its smaller size, the snow crab seems to be unable to eat larger indi-
viduals of megabenthos; so, this species affects via eating their juveniles. The pressure from the invader
on megabenthos may be partially reduced by the consumption of macrozoobenthos by the crab.

In recent years, the proportion of the snow crab in catches within the area it has explored long ago
remains at a level of about ¥ of the total biomass of trawl megabenthos. It can be assumed as follows:
under conditions of the Barents Sea, this proportion is optimal, and in the future, it will be maintained
within the entire area inhabited by this species.

Obviously, the occurrence of the snow crab and red king crab in the Barents Sea ecosystem does not
lead to an increase in the total bioproductivity of the water basin, since the latter is completely determined
by the level of food resources available to bottom population [Zenkevich, 1970], i. e., primary produc-
tion. In case of the invaders considered, we are talking only about the redistribution of energy flows
and an increase in their biomass due to native species. Being exclusively carnivores, these two species
do not introduce new or uninvolved sources of nutrients into the food pyramid (for example, unclaimed
detritus or plankton); those just exploit and transform existing benthic communities [Biological Inva-
sions, 2004; Shadrin, Anufriieva, 2019].

Under current conditions, both crab species will definitely continue to expand their ranges against
the backdrop of comfortable conditions and availability of sufficient food supply. The red king crab
will continue to integrate into the communities of the Pechora Sea and adjacent waters. However, its
distribution northward will most likely be limited to the Goose Bank and Moller Plateau, and eastward,
to shallow waters subject to winter cooling. The range of the snow crab will cover the entire northern
and eastern sea, with the exception of areas under the impact of warm Atlantic waters. Its distribution
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will not be uniform, but the area of megabenthic communities with its dominance will increase. Appar-
ently, competition between invaders will be minimal; it will be observed only at the junction of habitats.
With climate fluctuations, the ranges of crabs will change in antiphase: with warming, the range of the red
king crab will expand, and the range of the snow crab will decrease, and vice versa.

Thus, the benthic communities of the Barents Sea are currently in a state of transformation caused
by a long period of warming and emergence of new invasive species. The presented results suggest
as follows: while the red king crab and the snow crab explore accessible waters, the bottom population
of the Barents Sea will undergo significant structural changes within the entire distribution area.

The material for this work was sampled within the framework of the state research assignments of the Po-
lar branch of VNIRO (Murmansk) and Institute of Marine Research (Bergen). The paper was prepared within
the framework of the state research assignment of the Zoological Institute of the Russian Academy of Sciences
No. 122031100275-4.
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BJIMAHUE KAMYATCKOI'O KPABA 1 KPABA-CTPUI'YHA OIINJINO
HA COOBHIECTBA METABEHTOCA BAPEHIIEBA MOPA

1. B. 3axapos!, . E. Manymmn?, JI. JI. Woprencen®, H. A. Ctpesikosa®

1300moruueckuii uacTuTyT Poccuiickoit akaaemun Hayk, Cankt-Tletep6ypr, Poccuiickas deaeparys
Tonsapuwii puman ®PTBHY «BHUPO» («[TMHPO» uvenn H. M. Kuunosuya),
Mypwmanck, Poccuiickass ®enepanus
SUHcTHTYT MOpCKUX MccnenoBanmii, Bepren, Hopeerus
E-mail: zakharden@yandex.ru

Pabota nocesiena mpo6iemMaM B3aMMHOM aJanTalyy ABYX YYKEPOAHBIX BUJOB IMPOMBICTIOBBIX Kpa-
00B — Kkamyarckoro kpaba Paralithodes camtschaticus n kpaba-crpuryna onwimo Chionoecetes
opilio — W pernueHTHON dKocucTeMbl bapentieBa Mopst. [IpencraBiens! JaHHBIE O pacrpeesieHuN
coodIecTB MerabeHToca, norydeHHsle 3a neprog ¢ 2006 o 2020 r. [Ipoanamm3upoBaHbl TTHAMHKA
YHCJIEHHOCTH KPaOOoB U CBSI3aHHbIE C HEM MI3MEHEHU S, POM3O0LIe/IIINE B IOHHBIX coodmecTBax bapen-
LieBa MOps1 3a yKa3aHHble Tofbl. IIpoBesieHo 00CyskIeHne MEXaHU3MOB BO3/IEHCTBUSI KpaOOB Ha JIOH-
Hble COOOLIECTBA 1 IEPCTIEKTUB OCBOEHUsI UMM akBaTopun bapeHieBa Mmopsi. MccnenoBanue 0CHOBaHO
Ha pe3yJibTaTax KOJINYECTBEHHO-TAKCOHOMUYECKOTO aHAIN3a MpUIoBa Oecrno3BoHOUHbIX B 6010 Tpa-
JIEHUSIX CTaHJapTHBHIM y4€THBIM Tpasiom Campelen 1800, BhIIOMHEHHBIX B akBaTopru bapeHiieBa Mo-
ps B 20062020 rT. B X07€ TPOBEACHU COBMECTHON POCCHICKO-HOPBEKCKON SKOCHCTEMHOM ChEMKH
Ha cynax [onsproro ¢ummana PI'BHY «BHUPO» n UHctuTyTa Mopckux uccnenobanmii (Institute
of Marine Research, Bergen, Trgmso). Pacipenue apeasna u yBeanyeHHe YMCAEHHOCTH KAMYATCKOTO
Kpaba ¢ Hayasna 1990-X IT. IpUBEIH K €ro paccejeHio B OOIIMPHON aKBaTOPHHU 10:KHOM yacTi bapen-
nesa Mopsi. B 2006-2010 rr. kamyaTcKuil Kpab JOMUHHPOBAJ B coodlecTBax Merabentoca Mypmas-
ckori 1 Kanunckoii 6anok. K 2016-2020 rr. o6JiacTh ero JIOMUHUPOBAHKS paCIIMPHIIACh HA CEBEP U BO-
cTok — 110 octpoBa Kosryes u 10:)HOro ckyioHa I'ycuHol 6anku. PocT yncieHHoCcTH Kpaba-cTpuryHa
OIIJIMO TPUBEI K 3aCEIEHMI0 UM OrpOMHOM akBaTopuy B BapenuneBom mope — ot Ileyopckoro mo-
ps go apxunenara 3emias ®panua-Hocuda u ot apxunenara Hoass 3emus no apxunenara Hlnun-
oepred. B 2006-2010 rr. unciaeHHOCTh Kpada-CTpUTyHa ONMWJIMO Havyajia pacTu y apxunesara Hosas
3emuts, Iie OH BHICTYIIAJ B KAUeCTBE CyOJOMMHAHTA B COOOIIECTBAX MATKHUX IPYHTOB I'yCHHON OaHKH.
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B 2011-2015 rr. KpaO-CTpUryH ONKMIKO CTall JOMUHUPOBATh B coodiiecTBax I'ycuHon 6anku, Hoeo-
3eMeJIbCKON OaHKH, ceBepHO YacTu LleHTpabHOI BO3BBILIEHHOCTH. B TO e BpeMsi OH mpoaosuKal
YBEJINYMBATH CBOIO POJIb KaK BUA-CYOIOMHUHAHT PAKTUYECKH BO BCeX coodIecTBax y apxurenara Ho-
Bas 3emus. [lozguee, B 2016-2020 rr., KpaO-CTPUTYH OIMIIMO JOMUHHPOBAI B OEHTOCHBIX COOOIIIe-
cTBax Ha rpanutie ¢ Kapckum mopem mesxny apxunenaramu Hosas 3emus u 3emisa @panna-Hocuda,
Ha ckyoHax HoBoszemeinbckoit Oanku, y LlentpanbHoit 6anku u B IOxHO-HoBO3emenbckoMm kénode.
Ero apean yBesiuunsics U B UTOre OXBATHJI akBaTOpUIo OT apxumnenaroB 3emist @panna-Uocuda u Ho-
Bas 3emMJis 10 Bo3BbILIeHHOCTH [lepcest Ha 3anazne u o [leyopckoro mops Ha fore. [Toka3aHo, 4To Kam-
YyaTckuil Kpad OyzeT U JaJibliie BXOAUTh B COCTaB COOOIIECTB I0T0-BOCTOUHOH YacTu bapeHueBa Mopsi.
Kpa6-cTpuryH onuiavo npopo/KUT MUTPALMIO C BOCTOKA B 3allaJHYI0 4acTh MOPs BIUIOTh 0 apXu-
nenara [Inuudeprex, e CymecTBYIOT CXOAHBIE COOOLIECTBA OEHTOCA; B Cilydae MOXOJOAaHUS MU-
rpaiys nNouaeT 6osee ObICTPHIME TeMramMu. Bo3MOXeH ClieHapuil, pr KOTOPOM MEJKOBOJIbE apXH-
nienara [nunbepreH craHeT HOBBIM HIEHTPOM BOCITPOU3BOJICTBA TOIYJIAIMN Kpada-CTPUTyHa ONIIHO
B bapenuieBomM Mope BMecTe ¢ HIHEIIHUM LIEHTpoM y apxunenara Hosas 3emuis.

KaroueBbie ciaoBa: DapeHieBo Mope, MeraOGeHTOC, AOHHbIE COOOIIECTBA, KaMYaTCKUi Kpad,
Paralithodes camtschaticus, xpad-ctpuryH onuino, Chionoecetes opilio
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