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Biogeographical analysis of the Chukchi Sea
and adjacent waters based on fauna
of some macrobenthos taxa
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A biogeographical analysis was made on the distribution data of 347 species from the
Crustacea (Malacostraca); Mollusca (Polyplacophora, Gastropoda and Bivalvia) and
Echinodermata (Holothuroidea, Echinoidea, Asteroidea and Ophiuroidea in the northern
Bering Sea, Chukchi Sea and eastern East Siberian Sea at 0—150 m depth. The hydrological
regime, primarily the distribution of waters of different origins, defined the distribution of
macrobenthos species of 19 different biogeographical groups. Boreal and subtropical-
boreal species mostly inhabited the southern part of the Chukchi Sea. 38.3—42.3% of the
species occurred from the Central Banks to the Herald canyon and off Alaska from Cape
Hope to Point Barrow. In these regions the share of Arctic and Atlantic boreal-Arctic
species was only 1.7—4.6%. In the remaining regions the share of boreal and subtropical-
boreal species diminished to 23.1-19.1%, but the share of Arctic and Atlantic boreal-Arctic
species increased to 10.9-18.0% (20.3% for the latter species in adjacent Arctic waters).
For these taxa, the boundary between the Pacific and Arctic faunas in the Chukchi Sea
passes from the Asian Cape Serdse Kamen northward to the Herald Canyon and then
eastward to Point Barrow.
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Buoreorpacduyeckuin aHanus YyKkoTckoro Mops u
conpeaernbHbIX BoA No (hayHe HEKOTOPbIX TAKCOHOB
MakKkpobeHTOCa
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Jns Guoreorpaduyeckoro aHain3a MCIIOJIb30BAHBI JaHHBIE O pacrnpocTpaHeHun 347
BujoB Crustacea: Malacostraca; Mollusca: Polyplacophora, Gastropoda, Bivalvia;
Echinodermata: Holothuroidea, Echinoidea, Asteroidea, Ophiuroidea, Hacensromux ce-
BepHyI0 4acTh bepunroBa mops, UykoTckoe MOpe W BOCTOYHBIE paioHBI BocTowHO-
Cubupckoro mops Ha rryonHax 0—150 M. DTH BHIBI IO THIIAM apeaioB 00bETUHIIOTCS B
19 6uoreorpaduaecKux rpymir. ' HApoIOTHIECKHA PeXHM, H, B TIEPBYIO O9EPE/Ib, PACTIPO-
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CTpaHEHHE BOJI Pa3HOr0 reHe3Hca B MCCIELYyEMbIX aKBaTOPUAX, ONpeAessieT IpoCTpaH-
CTBEHHOE pacIpe/ieNieHle pa3InuHbIX Onoreorpaduueckux rpymin MakpodeHroca. FHOx-
Hast yacTh UyKOTCKOT0 MOpS HaceJIeHa MPEeNMYIIECTBEHHO OopeaTbHBIMHU U CyOTpoIyec-
Ko-OOpeanbHBIME BUaMH. B paifoHe neHTpaibHBIX 0aHOK /10 KaHbOHA [epanba U B
IpUOPEXHBIX BOJAxX Y AJISICKH OT MbIca XoIl JI0 Mbica bappoy /oist 9THX BHIOB B (hayHe
Takke 3HaunTenbHas (38,3—42,3%), a 10N apKTHYCCKUX M aTIAaHTHYCCKUX OOpeaibHO-
ApKTUYECKUX BUJIOB O4eHb MajieHbKas (1,7—4,6%). B ocranbHbIX paiioHax Mopsi H0Jis
OopealibHBIX M CYyOTPONHMYEeCKO-00peabHbIX BUIOB yMeHbIIaeTcst 10 23,4-19,1%, a apk-
TUYECKUX M aTIIaHTHYECKUX OopearbHO-apKTUYeCKUX BHJOB yBenuumBaercst 1o 10,9—
18,0% (B conpenenbHbIX apKTHUECKIX BOJAX JI0JIs ITOCIeTHIX BUI0B cocTasisieT 20,3%).
Y cTaHOBIEHO, YTO IPaHHIIA MEXY TUXOOKEAHCKOW 1 apKTHUECKOH (DayHaMH IIPOXOAUT OT
Mmbica Cepaue Kamens Ha azuarckoM nodepexxbe UyKOTCKOro MOpPS Ha ceBep K KaHbOHY

I'epasnbn 1 gaiee Ha BOCTOK K MbICYy bappoy Ha aMepHKaHCKOM MOGEpexbe MOpsI.

KJIFOYEBBLIE CJIOBA: 6uoreorpadus, HykoTckoe Mope, MaKpoOEHTOC.

Introduction

The Chukchi Sea is the only region of the
Arctic having a direct water exchange with the
North Pacific, also this is an area of contact
between the Arctic and Pacific biotas. For this
reason the Chukchi Sea region has been of
particular interest for marine biogeographers
for 150 years. Biogeographical analyses based
on different taxonomical groups have yielded
differing results, primarily with respect to the
boundary between North Pacific (or Pacific
boreal) and Arctic (or Arctic subregion of the
Arctic-Atlanticregion) biogeographical regions.

The geographical names usually mentioned
in biogeographical regionalization of the Chuk-
chiand northern Bering seas are shown on Fig. 1.
Most authors (Woodword, 1856; Fisher, 1887;
Dall, 1909; Andriashev, 1939; Briggs, 1995;
and many other subsequent authors) drew the
Pacific-Arctic boundary in northern areas of the
Bering Sea, south of the Bering Strait, either in
the area of Nunivak Island — Gulf of Anadyr, or
in the area of St. Lawrence Island (Fig. 2).
Golikov (1980) initially drew the boundary from
the southern Gulf of Anadyr to Cape Prince of
Wales. Other authors considered the Bering
Strait area (Kussakin, 1979) or the southern
Chukchi Sea (Tzvetkova, 1975) as the boundary
between biogeographical regions. Some mala-
cologists (Filatova, 1957; Scarlato, 1981) be-

lieved that this boundary passes from Cape
Prince of Wales or Cape Dezhnev to Point
Barrow: that is they considered the North Pacif-
ic region as including areas adjacent to Alaskan
coast of the entire Bering and Chukchi seas.
Finally, other authors (Makarov, 1941; Kafanov,
1991; Petryashov, 2002a, b) assigned most part
of the Chukchi Sea to the North Pacific region.
In this case, the boundary passed from Point
Barrow to west of Herald Bank (toward Herald
Canyon) and then to the coast of the Chukchi
Peninsula near Vankarem (Makarov, 1941) or
near Cape Serdtse Kamen (Petryashov, 2002a,
b) (A.L. Kafanov did not specify the precise
areas near the Chukchi Peninsula coast). Usha-
kov (1952) and Scarlato and Golikov (1985)
were more cautious in considering the northern
Bering Sea and some southern areas of the
Chukchi Sea as a transitional zone between the
Arctic and Pacific boreal faunas.

These significant differences in the results
of previous biogeographical analyses were prob-
ably caused by a number of factors. These
included: insufficient data, use of different meth-
ods for revealing biogeographical borders, cli-
matic fluctuations in the region over time, and
the specificity of the taxon (usually an order or
a class) used for biogeographical analysis. Dif-
ferent groups of fauna have varying capacities
for active dispersal and differences in ontogeny
and thermopathy. Therefore, ideally, the bioge-
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ographical pattern should be determined based
on the distribution of all macrobenthos species
(Kussakin, 1967). Regretfully, this suggestion
still remains justa good intention. The problems
are the laboriousness of the analyses and the
lack of extensive knowledge on all taxonomic
groups in the region. Nevertheless, the present
study attempted to approach this ideal. To ana-
lyze biogeographically the Chukchi Sea and
adjacent waters, we used distribution data on
the taxa that are most numerous at 0—150 m
depth in the region: Mollusca (Polyplacophora,
Gastropoda and Bivalvia) Echinodermata and
Crustacea (mainly Malacostraca).

¢
} 1

60

Material and methods

The distributions ofa total of 347 macroben-
thic species occurring in the northern Bering
Sea, north of 60°N, the Chukchi Sea and the
eastern East Siberian Sea, east of 170°E were
considered. Ofthese, 285 species occured in the
Chukchi Sea: Polyplacophora — 8 species (5
species recorded in the Chukchi Sea), Gastrop-
oda— 123 species (102 species recorded in the
Chukchi Sea), Bivalvia— 93 species (75 species
recorded in the Chukchi Sea), Malacostraca —
86 species (72 species recorded in the Chukchi
Sea), and Echinodermata — 38 species (30
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Fig. 2. Boundary between Arctic (or Arctic-Atlantic) and Northern Pacific biogeographic regions according
to different publications.

1 — after Andriashev, 1939; 2 — after Makarov, 1941; 3 — after Filatova, 1957; 4 — after Kussakin, 1979; 5 — after
Golikov, 1980; 6 — after Scarlato, 1981; 7 — after Briggs, 1995; 8 — after Petryashov, 2002b.

Puc. 2. I'panuusl Mexnay ApkTuueckod (mim ApKTaTiaHTH4eckoil) ' CeBepOTHXOOKEaHCKOH

6uoreorpaduuecKMH 00IaCTSIMH 110 Pa3HbIM aBTOPaM.

1 — no AL Aungpusmeny (1939); 2 — mo B.B.MaxapoBy (1941); 3 — mno 3.A.®unatosoii (1957); 4 — mo
O.I' Kycaxuny (1979); 5 — mo A.H.I'omuxosy (1980); 6 — o O.A.Ckapnaro (1981); 7 — mo [Ix.K.bpurrcy (1995);
8 — mo B.B. ITerpsmény (20002b).

species recorded in the Chukchi Sea). The tory of collections stored in the Zoological
majority of the data was obtained, by the au- Institute of the RAS and as from the literature
thors, from collections made between 1976— (Rathbun, 1910; Makarov, 1938, 1941; Banner,
2000. Additional data was taken from the inven-  1948a, b; Djakonov, 1950, 1952, 1954; Tatter-
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sall, 1951; Ushakov, 1952; Gurjanova, 1952;
Gorbunov, 1952; Holmquist, 1973, 1975, 1980,
1981a,b, 1982; McLaughlin, 1974; Feder, Jew-
ett, 1978; Kussakin, 1979, 1982, 1988, 1999,
2003; Golikov, 1980, 1994; Scarlato, 1981;
Foster, 1981; Golikov et al., 1994; Vassilenko,
1994; Naumov, Fedyakov, 1994; Bogdanov,
1994; Smirnov, Smirnov, 1994, 2009; Petr-
yashov, 2002a, b, 2005; Sirenko, 2010a, b).

Forbiogeographical analysis, the region was
divided into areas concurring with the borders
of some species natural habitats. Besides, the
borders of some areas coincide with the bound-
aries of biogeographical regions and subregions
suggested in published schemes (Andriyashev,
1939; Kussakin, 1979; Scarlato, 1981; Briggs,
1995; Petryashov, 2002b). In total, 12 such
areas were recognized (Fig. 3): Koryak (D1) —
the shelf of the Koryak Upland coast between
Cape Olyutorsky and Cape Navarin; Nunivak
(D2)—the shelfof Alaskan coast from Nunivak
Island to Yukon River Delta; Anadyr (D3) —
Gulfof Anadyr; Norton (D4) — Norton Bay and
southern shore of St. Lawrence Island; Chirikov
(D5) — Chirikov basin: from St. Lawrence
Island to Bering Strait; South Chukchi (D6) —
southern Chukchi Sea from Bering Strait to
Cape Serdtse Kamen and Cape Hope; Central
Chukchi (D7) — the area of central banks of the
Chukchi Sea to Herald Canyon in the zone of
influence of Herald branch of the Pacific Cur-
rent; Alaskan (D8) — off northwestern Alaska
in the zone of Alaskan branch of the Pacific
Current between Cape Hope and Barrow Point;
Chukchi (D9) — off Chukchi Peninsula coast in
the zone of occurrence of cold water from the
East Siberian Sea, from Cape Serdtse Kamen to
De Long Strait; West Chukchi (D10)— western
Chukchi Sea southward of 72°30’N, westward
of Herald Canyon, including De Long Strait;
North Chukchi (D11) — outer shelf of the
Chukchi Sea; East Siberian (D12) — eastern
East Siberian Sea eastward of 170°E.

The present biogeographical analysis in-
cluded the study of distribution of the total
macrobenthic species diversity, biogeographi-
cal structure of fauna, and the estimation of
similarity between faunas by means of the sim-

ilarity/diversity indices: Jaccard (1), Czekanows-
ki-Serensen (I_j) and Szymkiewicz-Simpson
(I,o) (Pesenko, 1982).

The boundaries between the biogeographi-
cal regions often coincide with borders of spe-
cies ranges. Usually, the more species range
borders coinciding in a narrow zone, the more
significant is the biogeographical boundary
marked by this zone. Changes of fauna in the
zone of border between areas D -D can be
expressed as nx/ny , where n_is the number of
species occurring in the area D, but not penetra-
ting into the area Dyfurther than the border zone;
n_is the number of species occurring in the area
D but not penetrating into the area D_further
than the border zone. To reveal the degree of the
range borders concentration on the boundary
zone, with an account for the faunal species
richness, Petryashov and Pesenko (Petryashov,
2009) suggested the coefficient of range bor-
ders concentration (d):

d= a/b (%), wherea=n +n ,a b=(N+
N, —a)/2 +a; or (simplified)

d=2(n_+ ny)/(NX +N +n +n) (%)
where N_is the number of species inhabiting an
area D ; N is the number of species inhabiting
an area D, Consequently, the faunas are more
similar at low values of the coefficient.

Results and discussion

Regularities in the distribution of mac-
robenthic species diversity in the Chuk-
chi Sea and adjacent regions

The faunas of the Chukchi Sea and adjacent
regions of the Bering and East Siberian seas are
still insufficiently studied. The data are espe-
cially poor for invertebrates in the area of the
Central Banks of the Chukchi Sea (area D7) and
its outer shelf (area D11). Nevertheless, consid-
ering the entire dataset used (Table 1), there is
atrend of decreasing the number of macrobenthic
species from the North Bering Sea to the fur-
thermost Arctic areas. The North Bering Sea
(areas D1-D5, 60° N to the Bering Strait) and
the South Chukchi Sea (area D6) harbour 165—
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Fig. 3. Areas used in the biogeographical analysis.
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261 macrobenthic species. Remarkably, their
number is almost the same along western coast
of the Bering Sea (areas D1 and D3), in the
Chirikov basin (D5) and in South Chukchi Sea
(D6), 246261 species, whereas a lower num-
ber, 165-195 species is recorded from off the
Bering Sea coast America (areas D2 and D4). A
similar pattern of a decrease in the number of
species in eastern Bering Sea, compared to the
western part of the Sea, is recorded for the
Polyplacophora, Gastropoda, Echinodermata,
and most orders of Malacostraca. In contrast,
the Bivalvia and Decapoda show no or very
small differences in the species numbers along

the American and Asian coasts of the Bering
Sea. A decrease in the total species number in
Nunivak (D2) and Norton (D4) areas is proba-
bly explained by insufficient knowledge on sev-
eral macrobenthic taxa from these areas, or by
peculiarities of the sediment properties.
Northand northwest of the line Cape Serdtse
Kamen — Cape Hope (areas D7-D10), the
number of macrobenthic species in each area is
50-70% lower compared with the number in the
South Chukchi area (D6): 110-175 species. In
areas where the Pacific Current branches (D7—
DS), the species number is relatively higher
(115-175 species) than in areas influenced by
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Table 1. Distribution of the number of macrobenthos species in the Chukchi Sea and adjacent areas.
Tabnuua 1. PacnpeneneHne KOJIMYECTBA BUAOB MakpoOeHToca B HyKOTCKOM MOpPE H CONPEAEIBHBIX

AKBaTOPHSIX.
Taxa DI | D2 | D3 | D4 | D5| D6 | D7 | DS | D9 | D10 | D11 | D12
Malacostraca 58 23 53 31 54 55 20 29 26 29 12 19
Loricata 7 0 7 3 5 4 0 2 2 2 0 0
Gastropoda 102 70 | 103 | 74 98 89 47 73 30 54 21 52
Bivalvia 60 59 64 67 74 | 65 30 49 41 41 20 31
Echinodermata 31 13 30 20 30 | 28 18 22 11 19 8 16
Total macrobenthos| 258 | 165 | 257 | 195 | 261 | 241 | 115 | 175 ]| 110 | 145 61 118

Remark. D1-D12 correspond to areas used in the biogeographical analysis (see Fig. 1).

the surface water of the East Siberian Sea and
mosttransformed Pacific water (areas D9—D10),
110-145 species (although fauna in area D7 is
not as well studied). The coldest part of the
Chukchi Sea, atits outer shelf (areaD11) has 61
species in the taxa considered. It is unlikely that,
even after more detailed studies, this number
will equal the number for the East Siberian Sea
(area D12), 118 species.

A similar distribution of species numbers is
shown by most taxa (Table 1). However, the
number of species of higher crustaceans and
bivalve molluscs only slightly varies between
areas D7-D10 and the number of few recorded
species of polyplacophoran molluscs gradually
decreases from the southwestern Bering Sea
(areas D1 and D3, 7 species in each) northward
(areas D8-D10, 2 species in each); in some
areas (D2, D7, D11, and D12) these species
were absent.

Species lists for both the entire macrob-
enthos studied and for particular classes from
neighboring areas usually differ, at least to some
extent, as shown by (nx/ny) and the range border
coefficient (d) (Table 2). The lowest d values
for both the entire macrobenthos and the indi-
vidual classes are recorded in the “Asian” areas,
from Koryak (D1) to South Chukchi (D6): D1,
D3, D5, and D6. Therefore, their fauna is the
most homogeneous, values for the entire mac-
robenthos are higher between “Asian” and
“American” areas, 29.9-43.0%, and reach a
maximum for the Nunivak area (D2). The dif-
ferences are primarily explained by consider-
able differentiation of the Malacostraca fauna
and, to a lesser extent, the Echinodermata and

Polyplacophora. These faunal differences may
decrease with further investigation of the North
Bering Sea biota will smooth over. Neverthe-
less, the more significant differences between
faunistic lists for the Chukchi Sea areas are
explained by insufficient knowledge of the bio-
ta of respective areas and by the gradual transi-
tion from the North Pacific to the Arctic fauna.
The most significant faunal changes are record-
ed at the border between the Alaskan (D8) and
North Chukchi (D11) areas (d=76.4%), as well
as between North Chukchi (D11) and East Sibe-
rian (D12), d=71.2%. The d values of 60—
65.4% are characteristic of the following pairs
of areas: South Chukchi (D6) — Chukchi (D9),
Central Chukchi (D7) — North Chukchi (D11),
and West Chukchi (D10)—North Chukchi(D11).
d values of 52.9-53.5% are recorded for two
pairs of areas: South Chukchi (D6) — Central
Chukchi (D7) and Central Chukchi (D7)— Alas-
kan (D8), while values 0f42.4-46.2% are known
for three pairs: Central Chukchi (D7) — West
Chukchi (D10), Chukchi (D9) — West Chukchi
D10), and West Chukchi (D10) — East Siberian
(D12). Considering the South Chukchi (D6) —
Alaskan (D8) transition d was 35.6% for the
entire macrobenthos, but 52.6, 50.0, and 42.4%
for the Malacostraca, Loricata, and Bivalvia,
respectively.

Biogeographical structure of the
fauna

Before proceeding to the analysis of the
biogeographical structure, two terms should be
clarified: Arctic and boreal species. Sublittoral
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Table 2. Values of the index of species not passing from one area to another (nx/ny) and the coefficient of
the range borders concentration for adjacent areas (d%).
Tabnuua 2. 3Ha4eHUs TOKA3aTels YHCiIa BUAOB, HE MPOHUKAIOIINX U3 OJHOTO pailoHa B IPYToi (nx/ny)
1 K03 PHUIIEHTA CTYIIEHNs TPaHUI] apEaioB IS CONpPeAeIbHBIX paitoHoB (d%).

Malacostraca | Loricata | Gastropoda | Bivalvia | Echinodermata Total
macrobenthos
DI1-D2 n;/n, 40/5 — 31/1 12/10 17/0 100/16
dio 71.4 — 314 28.4 55.7 43.0
n,/n; 9/4 - 13 4/8 1/0 15/15
DI-D3 d, 4 21.0 - 3.8 17.6 3.2 11.0
. n,/M, 6/36 — 1/33 8/14 0/16 15/99
D2-D3 d, . 71.2 — 329 30.3 54.2 42.5
ny/ny 2/11 — 0/3 0/8 0/7 2/29
D2-D4

dyy 38.8 — 4.1 11.9 35.0 15.9
D3-D4 ns/ny 29/8 4/0 30/1 10/12 9/0 82/21
ds4 61.2 57.1 29.8 28.8 30.5 37.1
D3-DS n,/ng 5/6 2/0 6/1 6/14 1/1 20/22
B d,_ 18.6 28.6 6.7 25.3 6.5 15.0
/n 4/26 0/2 3/27 1/8 0/9 8/72

D4-D LFAE
> d, 52.2 40.0 29.7 12.0 30.5 29.9
D5-D6 nsime 4/6 1/0 12/3 9/0 2/0 28/9
ds.¢ 16.8 20.0 149 12.2 6.7 13.7
ne/ny 36/1 — 42/0 36/1 11/1 125/3
D6-D7 de 5 66.1 — 472 56.1 414 52.9
ng/ng 28/2 2/0 20/5 22/6 5/0 77/13
D6-D8 de 52.6 50.0 26.7 42.4 18.2 35.6
ng/Mng 35/6 3/1 59/0 28/4 18/2 143/13
D6-D9 de o 67.2 80.0 66.3 46.2 67.8 61.5
D7-D8 ns/ng 7/15 — 10/36 5124 2/7 24/82
drg 62.0 — 554 53.7 36.7 53.5
n,/n, 12/17 — 25/8 6/17 9/3 52/45
D7-D9 d; 713 - 60.0 48.9 58.6 60.2
/n 9/17 — 6/13 4/15 2/4 21/49

D7-D1 N7/
7-D10 d7_10 69.2 — 317 42.2 27.9 42.4
/n 16/7 — 29/3 15/5 10/1 70/16

D7-DI1 22U
! dr1 83.6 — 64.0 57.1 59.5 65.6
ng/ny; 22/5 — 56/4 35/6 16/2 129/17
D8-DI1 dg ;; 79.4 - 779 63.1 75.0 76.4
ny/n;y 6/9 1/1 3/27 8/6 2/10 20/53

D9-DI10

dy 10 429 66.7 52.6 29.2 57.1 44.5
n,/n 20/3 — 37/4 23/2 11/0 91/9

D10-D11 1011
dioii 71.9 — 70.7 58.1 57.9 65.4
/n 1373 — 17/15 15/5 7/4 52/27

D10-DI2 ol
0 dio-1n 50.0 — 46.4 44.0 40.7 46.2
n;,/n;, 6/13 — 7/38 7/18 0/10 20/79
DI-DI2 =y ~ 76.0 - 763 65.8 58.8 71.2

Remark. D1-D12 are areas used in the biogeographical analysis (see Fig. 1); n_is the number of species not passisng
from Dx to Dy area, n_ ia the number of species not passing from Dy to Dx area; dX_y is the value of the coefficient of
the range border concentration for the area pair Dx—Dy.

Arctic species inhabit the Arctic subregion (or
province) and transitory zones between artic
and boreal biogeograpical regions. Sublittoral
boreal species occur in boreal biogeographical
regions of the Pacific and Atlantic as well as in

transitory zones.

The types of ranges for species occurring in
the Arctic have been described previously (Si-
renko et al., 2008). The suggested classification
can be supplemented by addition of another
three types of ranges: Arctic-boreal, amphibo-

real-Arctic (Petryashov,2002b) and widespread
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in the World Ocean. The macrobenthic species
occurring in the Chukchi Sea and adjacent areas
of the Bering and East Siberian seas can be
assigned to 19 biogeographical groups accord-
ing to their distribution.

1. Arctic (Arct.) — 10 species in the studied
region (2.9%), 7 species in the Chukchi Sea
(2.5%).

2. Arctic-boreal (A-b) — 7 species in the
studied region (2.0%), 6 species in the Chukchi
Sea (2.1%); they occur circumpolarly in the
Arctic and also occur in cold temperate waters
northward of the lines Labrador Peninsula —
Finnmark in the Atlantic sector and Care Nav-
arin (southeastern Chukchi Peninsula) — Cape
Prince of Wales (Alaska: Bering Strait) in the
Pacific sector. They may occur in some bays
(fjords) of the Koryak Upland coast.

3. Atlantic widespread boreal-Arctic (Atl.
w-b-a) — 6 species in the studied region (1.7%),
5 species in the Chukchi Sea (1.8%).

4. Atlantic high-boreal-Arctic (Atl. h-b-a.) —
11 species inthe studied region (3.2%), 9 species
in the Chukchi Sea (3.2%).

5. Widespread boreal-Arctic (Wba) — 80
species in the studied region (23.1%), 76 spe-
cies in the Chukchi Sea (26.7%).

6. High-boreal-Arctic (Hba) — 19 species
in the studied region (5.5%), 17 species in the
Chukchi Sea (6.0%).

7.Pacific widespread boreal-Arctic (Pac. w-
b-a) — 14 species in the studied region (4.0%),
14 species in the Chukchi Sea (4.9%).

8. Pacific high-boreal-Arctic (Pac. h-b-a) —
15 species in the studied region (4.3%), 15
species in the Chukchi Sea (5.3%).

9. Pacific — West Atlantic boreal-Arctic
(Pac. wa-b-a) — 4 species in the studied region
(1.2%), 4 species in the Chukchi Sea (1.4%).

10. Amphiboreal-Arctic (Amph. b-a) — 12
species in the studied region (3.5%), 10 species
in the Chukchi Sea (3.5%); their distribution is
similar to that typical of wide-spread boreal-
Arctic and high-boreal-Arctic species but their
ranges in the Arctic show a gap either in the
Laptev and East Siberian seas or in the East
Siberian and Chukchi seas. These species enter
Arctic waters only in the Atlantic sector of the

Arctic and they are distributed in the Pacific and
in the Chukchi Sea like Pacific boreal species.

11. Amphiboreal (Amph. b)— 15 species in
the studied region (4.3%), 14 species in the
Chukchi Sea (4.9%).

12. Pacific widespread boreal (Pac. w-b) —
54 species in the studied region (15.6%), 43
species in the Chukchi Sea (15.1%).

13. Pacific high-boreal (Pac. hb) — 33 spe-
cies in the studied region (9.5%), 23 species in
the Chukchi Sea (8.1%).

14. West Pacific widespread boreal (WP-
wb)—38 species in the studied region (11.0%),
24 species in the Chukchi Sea (8.4%).

15. West Pacific high-boreal (WP-hb) — 14
species in the studied region (4.0%), 6 species in
the Chukchi Sea (2.1%).

16. East Pacific widespread boreal (EP-
wb) — 1 species in the studied region (0.3%), 1
species in the Chukchi Sea (0.4%).

17. East Pacific high-boreal (EP- hb) — 2
species in the studied region (0.6%), 2 species in
the Chukchi Sea (0.7%).

18. Pacific subtropical-boreal (Pac. s-b) —
11 species in the studied region (3.2%), 8 spe-
cies in the Chukchi Sea (2.8%).

19. Widespread in the World Ocean (Ws) —
1 species in the studied region (0.3%), 1 species
in the Chukchi Sea (0.4%). This species, Cten-
odiscus crispatus, occurs in Arctic and temper-
ate waters of the Northern Hemisphere, at Pacif-
ic shores of America, and also in deep waters of
tropical areas.

The widespread boreal-Arctic, Pacific wide-
spread boreal, West Pacific widespread boreal,
and Pacific high-boreal species are the most
species-rich in the Chukchi Sea and adjacent
areas. Usually species of the same biogeograph-
ical groups prevail in the fauna of separate benth-
ic macrotaxa. The relationship between species
numbers in different biogeographical groups
slightly changes from taxon to taxon (Fig. 4).

The very small proportion of Arctic species
is a characteristic of macrobenthic fauna of the
region. There is also a rather small share of
Atlantic boreal-Arctic, and Arctic-boreal spe-
cies which, excluding southern populations of
Arctic-boreal species, are mainly indicators of
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Fig. 4. Stations where Arctic Malacostraca species were sampled in the Chukchi, Bering, and East Siberian

seas. After Petryashov, 2002b, fig. 3.

Puc. 4. Cranmuu, Ha KOoTOpbIX B UykoTckoM, bepunrosom u Bocrouno-CubupckoM Mopsx ObLITH TOHMAaHBI
apktuyeckue Buabl Malacostraca (mo: Iletpsimes, 2002b, puc. 3).

Arctic-derived water. All of them can be united
as a “cold-water” group of species: 34 species in
the region (9.8%) and 27 species in the Chukchi
Sea (9.5%) (Fig. 4, Table 3 and 4).

In contrast, the share of boreal and of am-
phiboreal-Arctic macrobenthic species is much
greater in the region. They, together with a few
Pacific subtropical-boreal species, form a
“warm-water” group of species that mainly in-
habit waters of Pacific origin: 180 species in the
entire region—>51.9%, 131 in the Chukchi Sea—
46.0% (Fig. 5). Other boreal-Arctic species are
also numerous: 132 species in the entire region —
38.0%, 126 in the Chukchi Sea — 44.2% (Fig.
6). Typical Arctic areas, like the shelf of the
Laptev Sea, harbour about 70% of the boreal-
Arctic species (and, therewith, in non-freshened
areas the share of Atlantic boreal-Arctic species
is 21-43%, while that of other boreal-Arctic is
28-64%). Other species are Arctic, and their
share in the macrobenthic fauna is 29% on
average (13.5-32.5 in slightly freshened areas).

Boreal and subtropical-boreal species are ab-
sent in the Laptev Sea (Petryashov et al., 2004).
High-boreal areas of the North Pacific lack
Arctic and Atlantic boreal-Arctic species, where-
as the share of boreal species is no less than 45—
50% (Petryashov,2005). The macrobenthic fau-
na of the region studied is of a transitory charac-
ter (Pacific boreal to Arctic) but is more similar
to the Pacific boreal.

The fauna of Polyplacophora has no “cold-
water” species. Similarly, in other groups, the
share of “cold-water” species is also low, from
6.5% in Bivalvia to 14.0% in Malacostraca.

Proper Arctic species are present only in the
higher crustaceans (6 species) and gastropod
molluscs (4 species), The share of boreal spe-
cies inthe Chukchi Sea, and therefore all “warm-
water” species, is similar to that for the high-
boreal North Pacific fauna for higher crusta-
ceans (47.2%), polyplacophoran and bivalvian
molluscs and echinoderms (40% in each group)
and lower for gastropods (34.0%).
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Table 3. Distribution of the macrobenthos species number by complexes of biogeographical groups.
Tabauua 3. PacripenienieHie KOJIHYECTBa BUAOB MaKpOOEHTOCA 110 KOMILIEKCaM Groreorpaduueckux

TPYyIIL.
Bunbr Total macrobenthos | Malacostraca | Bivalvia | Loricata | Gastropoda | Echinodermata

R CS. R CS. |[R|CS.[R|CS| R CS. R CS
“Cold—water” 34 27 12 10 6 4 | - - 12 10 4 3
Boreal-Arctic 132 126 21 21 38 | 34 3 3 54 54 17 14
“Warm—water” 180 131 53 41 49 | 37 | 5] 2 57 39 16 12
Widespread 1 1 — — — - | - - — — 1 1
Total number of species 347 285 86 72 93175 18] 5 123 | 102 38 30

Remark. R — within the entire studied region; CS — in the Chukchi Sea. Species: “Cold-water” are species of the
“cold-water” complex of Arctic, Arctic-boreal, and all Atlantic boreal-Arctic; Boreal-Arctic are all boreal-Arctic without
amphiboreal-Arctic and Atlantic boreal-Arctic; “Warm-water” are all boreal, subtropical-boreal and amphiboreal-
Arctic; Widespread are those widely spread in the World Ocean.

Relations between faunas of the are-
as based on similarity indices

An analysis of the entire macrobenthos be-
tween two adjacent areas using similarity indi-
ces (Table 5) shows that the areas D1-D6, as
well as D6-D8, D7-D10, D9-D10, and D10-
D12 are characterized by values of the Jaccard
(I)) and Czekanowski-Serensen (I, ) indices
greater than 50%, whereas the Szymkewicz-
Simpson index (I, ) values exceed 75%. The
values of Jaccard index slightly lower than 50%
at high values of the other indices are character-
istic of the areas D6-D7 and D7-D8. In other
adjacent areas the similarity of macrobenthic
fauna is considerably less, especially for the
area D11 as compared to other adjacent areas,
and the areas D7-D9.

A similar analysis of the fauna of different
macrotaxa shows much in common with the
results for the entire macrobenthos, although
each taxon has some peculiarities. In the fauna
of Malacostraca, high values of similarity indi-
ces are observed for the group of areas D1, D3,
D5-D6 at a certain difference of near-American
areas. The areas D7 and D8 are more faunisti-
cally similar both to each other and to D6 area
than to the areas D9 and D10. The two latter
areas, as well as the area D12, are characterized
by high values of similarity indices. The lowest
values of the indices were found for D11 with
other adjacent areas. That is, the faunal changes
from south to north occur in higher crustaceans
more sharply than on average for the macrob-
enthos, but even in this case there is a small

intermediate zone (areas D9 and D10) between
Pacific boreal and Arctic areas. The faunal
pattern for Bivalvia is contrary to that in Mala-
costraca: there are very gradual changes in the
fauna of adjacent areas together with high val-
ues of similarity indices. Similar results were
also obtained for Polyplacophora: high values
of the indices are characteristic for all areas,
except for the areas D9 and D10 where impov-
erished faunas differ both from each other and
from the fauna of the area D6. The results of the
analysis for Gastropoda and Echinodermata are
virtually identical with general pattern for the
entire macrobenthos. The only difference is that
echinoderm faunas of the areas D11 and D12
have much more common characters than faunas
of other studied taxa.

Division of the studied region based
on the entire macrobenthic fauna

The biogeographical analysis of all the stud-
ied taxa shows, with a possible exception of the
Malacostraca, that the southern areas, D1-D6,
represent a single minimally recognizable bio-
geographical unit. This biogeographical unit
(district) is a part of the Chukchi-Bering prov-
ince of the Far Eastern subregion of the North
Pacific region (Fig. 7). Only the distribution of
species of higher crustaceans allows the possible
separation of Nunivak (D2) and Norton (D4)
areas as a separate biogeographical district.

The Arcticregion, or the Arctic subregion of
the Arctic-Atlantic region, includes the East
Siberian area (D12). It probably also includes
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Table 4. Distribution of the macrobenthos species from different biogeographical groups within the
studied region.

Tabmuna 4. PacripeneneHue KoMudecTBa BUIOB MaKpOOCHTOCA PA3IMYHBIX OMoreorpauuecKux TPyl B
npeJenax UCCle yeMOro pernoHa.

DI | D2 | D3| D4 | DS| D6 | D7 | D8 | D9 |DI10 D11 |DI12| R | CS
Total
macrobenthos:
Arct. - - - - - - - 2 4 5 2 7 10 7
Atl. w-b-a - - - - - - 1 2 1 2 4 3 6 5
Atl. h-b-a. - - - - - 2 - 2 2 3 3 7 11 9
A-b 2 1 4 2 4 4 1 2 5 6 2 7 7 6
Wha 61 46 64 57 67 69 | 43 58 50 59 29 55 80 76
Hba 13 8 15 13 16 15 7 13 8 10 3 12 19 17
Pac. w-b-a 12 8 13 10 13 13 9 9 10 11 3 11 14 14
Pac. h-b-a 11 6 12 8 15 14 8 8 8 12 2 12 15 15
Pac. wa-b-a 2 1 2 1 2 3 1 4 1 2 - - 4 4
Amph. b-a 11 6 10 7 11 10 5 5 4 3 1 - 12 10
Amph. b 10 7 10 7 12 11 6 6 1 2 2 — 15 14
Pac. w-b 50 37 | 47 | 40 | 49 | 43 15 32 8 9 4 2 54 | 43
Pac. hb 27 15 25 18 24 20 7 15 2 7 — — 33 23
WP- wb 37 12 34 15 30 22 6 9 4 9 3 1 38 24
WP-hb 13 7 12 6 8 5 2 3 - 2 1 - 14 6
EP- wb - - - - - 1 - - - - - - 1 1
EP-hb - 2 - 2 1 1 - - - - - - 2 2
Pac. s-b 8 8 8 8 8 7 3 2 2 1 - 11 8
Ws 1 1 1 1 1 1 1 1 — 1 1 1 1 1
Total species 258 | 165 | 257 | 195 | 261 | 241 | 115 | 175 | 110 | 145 61 118 | 347 | 285
Malacostraca:
Arct. - - - - - - - 1 4 4 2 5 6 5
Atl. w-b-a - - - — — — — — — — 2 — 2 2
Atl. h-b-a - - - - - - - - - - - 1 1 -
A-b 2 1 1 1 2 2 - 1 3 3 1 3 3 3
Wha 8 5 10 6 10 13 6 6 11 10 2 8 17 17
Hba 2 — 2 2 2 2 1 2 1 1 1 1 2 2
Pac. wa-b-a 1 - 1 - 1 1 - 2 1 - - 2 2
Amph. b-a. 3 - 2 - 2 2 1 1 - - - - 3 2
Amph. b 1 - 1 - 2 1 2 - - - - - 3 2
Pac. w-b 16 7 13 10 14 13 5 7 3 3 1 1 16 13
Pac. hb 5 1 5 3 5 4 2 1 — 1 — — 6 3
WP-wb 15 4 13 6 12 11 1 6 2 5 2 — 16 13
WP-hb 1 1 1 — — — — — — — — 2 1
EP- wb - - - - - 1 - - - - - - 1 1
EP-hb - 1 - 1 - - - - - - - - 1 1
Pac. s-b 4 3 4 2 4 5 2 2 1 2 1 - 5 5
Total species 58 23 53 31 54 55 20 | 29 26 29 12 19 86 72
Bivalvia:
Atl. w-b-a — — — — — — — 1 — — 1 2 2 1
Atl. h-b-a - - - - - - - - 1 1 1 - 2 2
A-b - - 1 1 1 1 - 1 2 2 - 2 2 1
Wha 22 | 21 23 24 | 25 24 17 20 21 24 13 21 28 26
Hba 1 1 2 3 3 2 - 1 1 2 - 1 3 2
Pac. w-b-a 2 3 3 3 3 3 2 2 2 2 2 2 3 3
Pac. h-b-a — — 1 1 3 2 1 1 2 3 — 3 4 3
Amph. b-a 3 3 3 4 4 4 2 2 3 2 1 — 4 4
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D1 | D2 | D3 | D4 | D5 | D6

Table 4 (contituing)
Tabnuua 4 (mpomoyKeHue)

D7 | D8 | D9 | D10 | D11 | D12 | R | CS

Ws 1 1 1 1 1 1

1 1 - 1 1 1 1 1

Total species 31 13 1 30 | 20 | 30 | 28

18 | 22 11 19 8 16 38 | 30

Remark. D1-D12 are areas recognized for the biogeographical analysis (see Fig. 1). R — the entire studied region,
CS — the Chukchi Sea. Biogeographical groups of species are as follows: Arct. — Arctic; Atl. w-b-a — Atlantic
widespread boreal-Arctic; Atl. h-b-a — Atlantic high-boreal-Arctic; A-b — Arctic-boreal; Wba —widespead boreal-
Arctic; Hba — high-boreal-Arctic; Pac. w-b-a — Pacific widespread boreal-Arctic; Pac. h-b-a — Pacific high-boreal-
Arctic; Pac. wa-b-a — Pacific-West-Atlantic-boreal-Arctic; Amph. b-a — amphiboreal-Arctic; Amph. b — amphibo-
real; Pac. w-b —Pacific widespread boreal; Pac. hb — Pacific high-boreal; WP-wb — West-Pacific widespread boreal;
WP-hb — West-Pacific high-boreal; EP-hb — East-Pacific high-boreal; Pac. s-b — Pacific subtropical-boreal; Ws —

widespread in the Worls Ocean.

the outer shelf of the Chukchi Sea (D11), which
still remains one of the least studied areas in the
Arctic. Areas D7-D10 represent a transition
zone from one biogeographical region to anoth-
er. On the American Shelf this zone is probably
situated east of Barrow Canyon and includes
western part of the Beaufort Sea. A transition
from one fauna to another within the Chukchi
Sea, primarily in the zone of the Herald Branch
ofthe Bering Sea Current, occurs very gradually
in the faunas of echinoderms, gastropods, and,
especially, bivalves. At the same time, the tran-
sitory zone is very heterogeneous in macroben-
thic fauna. Areas D7-D8 are virtually identical
with D1-D6 in the fauna of most macrobenthic
taxa, that is the fauna of these areas is more
similar to the Pacific boreal than to the Arctic.
There is amore substantial component of Arctic
elements in areas D9-D10. Thus, the border
between biogeographical regions mostly coin-
cides with the “Makarov’sline” (Makarov, 1941;
Kafanov, 1991; Petryashov, 2002b), i.e. Cape
Serdtse Kamen — Herald Canyon — Point Bar-
row. The only exception is the fauna of poly-
placophoran mollusks, in which the north bound-
ary of the Pacific boreal fauna of Polyplacoph-
ora coincides with the north border of the South
Chukchi area (D6). North of this area, the fauna
of these molluscs contains a few widespread
boreal-Arctic species with the absence of both
boreal and Arctic species. Therefore, in respect
to polyplacophoran molluscan fauna, it seems
justified to consider all other areas of the Chuk-
chi Sea and adjacent Arctic seas as a transitory
boreal-Arctic district between the Pacific and
Atlantic faunas.

Effect of the hydrological regime of
the studied areas on the macrobenthos
distribution

The distribution of biogeographically dif-
ferent macrobenthic species in the Chukchi Sea
is closely associated with the hydrological re-
gime of the sea, primarily with respect to the
direction of the main currents. Pacific water
penetrates into the Chukchi Sea through the
Bering Strait and then moves in a single flow to
Cape Hope where it divides into two branches
(Ratmanov, 1937; Ushakov, 1952; Nikiforov,
Schpeicher, 1980). One branch passes along the
Alaskan shore to Point Barrow. The other branch
passes over the area of the central banks to the
north of Wrangel and Herald islands, and at
Herald Canyon bifurcates again. Part of the
Pacific water spreads along the canyon north-
ward, to the Arctic Basin. As Pacific water
passes from the Bering Strait northward, it un-
dergoes a transformation, primarily reflected in
adecreasing of temperature. Small flows of cold
water occasionally penetrate into the Chukchi
Sea from the Arctic Basin and the Beaufort Sea
at Point Barrow and from the East Siberian Sea
along the north of Wrangel Island. However,
these small masses of water of Arctic origin
meet the flows of Pacific water and are rapidly
transformed. Most of the cold water enters the
Chukchi Sea from the East Siberian Sea through
the De Long Strait and then passes along the
Chukchi Peninsula coast, as far as the Bering
Strait in some years, but usually, with a com-
plete transformation, notreaching it. Boreal and
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Fig. 5. Stations where Pacific boreal and subtropical Malacostraca species were sampled in the Chukchi,
Bering, and East Siberian seas. After Petryashov, 2002b, fig. 2.

Puc. 5. Cranmmu, Ha KOoTOpbIX B UykoTckoM, bepuarosom n Boctouno-CubupckoM MOpsix ObLTH TIOHMaHbL
TUXOOKeaHCKHe OopeanbHbIe U cyOTponmyeckue Buabl Malacostraca (mmo: Iletpsimues, 2002b, puc. 2).
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Fig. 6. Stations where boreal-Arctic Malacostraca species were sampled in the Chukchi, Bering, and East
Siberian seas. After Petryashov, 2002b, fig. 4.

Puc. 6. Cranuuu, Ha KOTOpbIX B UykoTckoM, BepuHroBom 1 BoctouHo-CHOHPCKOM MOPSIX OBLIN ITOWMAaHbBI
OopeanbHO-apkTHYeCcKHe BUIBI Malacostraca (mo: Ilerpsimes, 2002b, puc. 4).

subtropical-boreal species usually spread inthe  from south to the northeast and northwest. In the
Chukchi Sea with the flows of Pacific water. zones of circulation at the contact between cur-
The number of such species decreases with the rents of Pacific and Arctic origin, some boreal
spreading and transformation of Pacific water and subtropical-boreal species can penetrate
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Table 5. Values of similarity indices of Czekanowski-Serensen (1), Szymkewicz-Simpson (I ;) and
Jaccard (1)) for adjacent areas (%).

Ta6muua 5. 3nadenus nanekcoB odbmuocTH Yekanosckoro-Crepencena (I ), lllnmkesnaa-Cummcona
(I,) m XKaxxapa (I,) s compeieNnbHBIX paHOHOB B MPOIEHTAX.

Malacostraca | Loricata | Gastropoda | Bivalvia | Echinodermata Toal
macrobenthos

Ics 444 — 80.2 80.7 59.1 70.0

DI-D2 | Igs 783 - 98.6 81.4 100 89.7
I 339 - 67.0 67.6 41.9 53.8

Ig 88.3 100 97.6 90.3 98.4 8.3

D1-D3 | Igq 92.5 100 98.0 93.3 100 82.4
I, 79.0 100 95.2 82.4 96.8 70.0

Ics 44.7 — 79.8 81.3 60.5 70.6

D2-D3 | Ig,s 739 — 98.6 84.7 100 90.3
I 288 - 66.3 68.5 43.3 54.6

Ics 74.1 - 97.2 93.7 78.8 90.0

D2-D4 | Igq 87.0 - 100 100 100 98.2
I, 58.8 — 94.6 88.1 65.0 81.8

| 571 60.0 82.5 82.4 80.0 77.0

D3-D4 | Igq 774 100 98.6 84.4 100 89.2
I, 40.0 429 70.2 70.1 66.7 62.5

Ics 89.7 833 96.5 84.1 96.7 91.5

D3-D5 | Ig 90.6 100 99.0 90.6 96.7 92.2
I 814 71.4 93.4 72.5 93.5 84.3

Ieg 63.5 75.0 81.4 93.6 80.0 81.6

D4-D5 | Ige 87.1 100 94.6 98.5 100 95.4
I, 46.6 60.0 68.6 88.0 66.7 68.9

Ics 91.7 88.9 92.0 93.5 96.6 92.8

D5-D6 | Igs 92.6 100 96.6 100 100 96.7
I 84.7 80.0 85.1 87.8 93.3 86.6

Ieg 50.7 - 69.1 61.1 73.9 62.9

D6-D7 | Iy 95.0 - 100 96.7 94.4 97.4
I, 339 — 57.4 43.9 58.6 459

Ics 64.3 66.7 84.0 754 88.0 779

D6-D8 | Igs 93.1 100 93.2 87.8 100 92.6
I 474 50.0 72.3 60.6 78.6 63.8

Ics 494 333 46.9 69.8 46.2 55.3

D6-D9 | Igq 769 50.0 100 90.2 81.2 88.2
I, 32.8 20.0 33.7 53.6 30.0 38.2

g 57.1 — 61.7 63.3 75.0 62.8

D7-D8 | Ig,q 70.0 — 78.7 83.3 83.3 79.1
I, 40.0 — 44.6 46.3 60.0 45.7

Ics 39.1 - 57.1 67.6 55.2 56.0

D7-D9 | Ig,s 45.0 - 73.3 80.0 72.7 57.3
I 243 — 40.0 51.1 38.1 38.9

Ieg 49.0 - 81.2 73.2 81.1 72.3
D7-DI10 | Ig,q 60.0 — 87.2 86.7 83.3 81.7
I, 324 — 68.3 57.8 68.2 56.6

Ics 313 — 58.8 60.0 53.8 53.4

D7-D11 | Igs 41.7 — 95.2 75.0 87.5 77.0
I 185 - 41.7 29 36.8 36.4
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Table 5 (contituing)
Tabmuua 5 (mpomomkeHue)

Malacostraca | Loricata | Gastropoda | Bivalvia | Echinodermata Total
macrobenthos

Ics 34.1 — 36.2 40.6 40.0 373

D8&-DI1 | Iz 58.3 - 81.0 70.0 75.0 72.1
I 20.6 - 2.1 25.5 25.0 229

Ieg 69.1 50.0 64.3 75.6 60.0 70.6

D9-D10 | L. 73.1 50.0 90.0 75.6 81.8 81.8
I, 52.8 33.3 47.4 70.8 4.9 54.5

Ics 39.0 — 45.3 59.0 59.3 49.5

D10-DI1 | Iss 66.7 — 81.0 90.0 100 83.6
I 242 - 29.3 41.9 29.6 329

Ics 66.7 - 69.8 72.2 68.6 69.2

D10-D12 | I 84.2 — 71.2 83.9 75.0 77.1
I, 50.0 — 53.5 56.5 52.2 52.9

Ig 38.7 — 384 51.0 58.3 44.7

DI11-D12 | I 50.0 — 66.7 65.0 87.5 65.6
Iy 24.0 — 23.7 34.2 41.2 28.8

Remark. D1-D12 correspond to areas used in the biogeographical analysis (see Fig. 1).

into adjacent relatively cold areas of the Chuk-
chi Sea. A few species of these groups penetrate,
together with the most transformed Pacific wa-
ter, into adjacent Arctic areas, as far as Cape
Billings and to the area northwestward of Wran-
gel Island in the East Siberian Sea and along the
canyons to the northern Chukchi Sea. However,
these Arctic areas are most probably sterile
zones of eviction for such species. Contrary to
boreal and subtropical-boreal species, few Arc-
tic and similar to them in the Chukchi Sea
Atlantic boreal-Arctic species mainly spread
within the sea only in areas that are affected by
cold water of Arctic origin: De Long Strait,
along Chukchi region coast northwest of Cape
Serdtse Kamen, on outer shelf of the sea. Along
the Alaskan coast, within the Chukchi Sea, these
species were recorded only at Point Barrow (in
the region of Barrow Canyon). One of these
species was only once recorded in the area of the
central banks (D7) and Atlantic high-boreal-
Arctic gastropods were twice found in the South
Chukchi area (D6). Remarkably, within the
Chukchi Sea, i.e. to Cape Serdtse Kamen, the
eastern part of southern depression, Herald Can-
yon, Barrow Canyon, and Point Barrow, there
were records of water with small positive tem-
perature values in the near-bottom layer at 20—

50 m in hydrological summer (late July — Sep-
tember), whereas other areas (D9-D11) were
characterized by prevailing or only water with
negative temperature.
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