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Biogeography of the Barents Sea benthos
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ABSTRACT: Since the mid-19™ century, the biogeographical boundary of the Arctic has
been drawn through the Barents Sea. Nevertheless, there is still no general consensus on its
position, or what an Arctic species is. This is both because of the use of differences in criteria
for drawing the biogeographical boundaries and the lack of data on species distribution in
the region. Initial schemes were constrained by being based upon abiotic factors in
determining the position of boundaries. A detailed chorological analysis, based mainly on
polychaetous ranges, shows that within the Sea, the ranges of different groups of species are
complementary to each other like parts of jigsaw puzzle. And the real pattern of species
distribution differs from the simple scheme dividing the Barents Sea into Arctic and boreal
sublittoral regions. For example, some Arctic species are distributed within the Barents Sea
in a very similar manner to boreal ones. The distribution of some (shelf) Arctic species
within the Barents Sea is indistinguishable from that of some Arctic-Pacific (i.e. arcto-
boreal) species. The distribution of deep-sea and eurybathic species in the Barents Sea is
complementary to distribution of shelf species and this phenomena does not connect with
depth. Species entering the Barents Sea from the southwest (“boreal” species) are not a
homogenous group as well as “arctic” species. Boreal species can be splitted into at least
into inshore species inhabiting tidally mixed inshore water masses and outer shelf species
inhabiting stratified shelf water masses. The latter, in their turn, also can be divided into
several groups with different ranges within the Barents Sea. A scheme of biogeographical
regionalization of the Barents Sea is proposed, based exclusively on chorological data. This
scheme differs drastically from the earlier published ones. The main differences are: (1)
species range typification has been made on the base of species distribution within the
Barentz Sea only, instead of the whole World Ocean; (2) the fauna has been splitted in nine
biogeographic groups instead of usual three (arctic, boreal and arcto-boreal).
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PE3IOME: C cepenunsl XIX B. Onoreorpadudeckyio rpaHuy ApKTHKH IIPOBOJIST Yepes3
Bapenueso mope. TeMm He MeHee, 10 CHX MOpP HET COTIacHs B MOJOKEHUH YTON TPaHUIIBI
WY B TOM, YTO TaKOE apKTHUecKni BU. Takast cuTyarust BO3HHKJIIAa KaK M3-3a HCIIOIb30BAHMS
Pa3HBIX KpUTEPHUEB IS IIPOBEACHHS OMoreorpaMuecKrX rpaHHll, TaK ¥ N3-3a HEAOCTATKa
JaHHBIX 110 PACTIPOCTPAHEHHIO BHIOB B TaHHOM perroHe. [TonoxxeHne 6noreorpaduaeckux
I'paHUII B IEPBOHAYAIBHBIX CXeMaX ObLIO OCHOBAHO Ha AOMOTHYECKHX (pakTopax. JeTabHbIi
XOPOJOTMYECKUH aHAlIN3, OCHOBAHHBIN B OCHOBHOM Ha apeajax IOJIUXET, I0Ka3al, 4To B
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npenenax bapennesa Mops pacipocTpaHeHHE pa3IMYHBIX IPYIIIT BHIOB KOMIIJIEMEHTapHO
KaK 4acTH nasia. PeanbHas KapTHHA pacHpOCTPaHEHUS BUAOB OTJIMYAETCA OT IMPOCTOIl
cxeMbl, geisnield bapeHneBo Mope Ha apKTH4ecKuil W OopeanbHBIN CyONIMTOpaIbHBINA
paiionsl. Harmpumep, HeKOoTOpble apKTHYEeCKHE BHIBI pacrpocTpaHeHbl B bapeHiieBom
MOpe BECbMa CXOJHO C OopealibHBIMH. PacnpocTpaHeHne HEKOTOPBIX (LIETb(OBBIX)
apKTHUYECKMX BHJOB B Npenenax bapeHIieBa MOpsS HEOTIMYMMO OT paclpoCTPaHEHHs
HEKOTOPBIX APKTO-TUXOOKEAHCKUX (T.€. apKTO-OOpeanbHBIX) BHIOB. PacmpocTpaHeHue
9BpHOATHBIX BUIIOB B bapeHeBoM Mope KOMIIIEeMEHTapHO PacIpOCTPAHEHHUIO IETb(HOBBIX
1 3TOT (PeHOMEH He CBs3aH ¢ riryouHamu. Busl, mponukaronue B bapenieso Mmope ¢ roro-
3amaga (“OopeanbHble” BUABI) HE SIBISIOTCS TOMOTEHHOH TPYHIIOH, Tak K€ Kak H
“apkTHyeckue”’ BUABL. bopeanbHbIE BUABI MOTYT OBITH Pa3JeNeHHI M0 KpaiHeH Mepe Ha
MIpUOpPEXHBIE BUABI, HACEISIOMNE IPUOPEKHBIE BOJHBIE MACCHl (MEXIy HMPHUOPEKHBIM
(¢poHTOM M OeperoM) M BUABI BHEIIHETO IIelb(a, HACeNSIONNe CTPaTH(OUIIMPOBAHHbIC
menbQosbie BoAHbIe Macchl. [lociennue, B CBOIO o4epeib, TAKIKE MOTYT OBITh pa3ieieHbl
Ha HECKOJIBKO TPYMNII C Pa3HBIM pPacIpoCTpaHEHHWEM B mpeaenax bapenmesa mops.
ITpennoxena cxema OuoreorpauuecKkoro pailoHMPOBaHUsI, OCHOBAHHAS HCKITIOUHTEIBEHO
Ha XOPOJIOTHYECKUX JAHHBIX. JTa cXeMa KapAMHAJIBHO OTJIMYHA OT paHee Oy OJIMKOBaHHBIX.
I'naBubie €€ oTnmuumst: (1) TMOHM3auust pacnpoCcTpaHEHUS BUAOB IPOBEJEHA HA OCHOBE
pacIpocTpaHeHHs BUJOB B Ipeaenax bapeHmnesa Mopsi, BMecTo Bcero MUpOBOTO OKeaHa;
(2) hayna Obuta pa3zmeneHa Ha I€BATH OHOTeorpaUIeCKUX TPYIIIT BMECTO OOBIIHBIX TPEX
(apxTudeckue, OopeansbHbIC U aPKTO-00peabHEIC).

KJIFOUEBBIE CJIOBA: 6uoreorpadust, CeBepHblii JlenoButslii okean, bapenieso mope,

Apkruka, Polychaeta.

1. What is an Arctic species

Two groups of criteria, geographic and
autecological, have been initially used for
designating a species as “Arctic”.

Geographic criteria separate Arctic and non-
Arctic territories or water areas based on:

1. Geomorphology as synonym of the Arctic
Ocean, however, some authors include the
Norwegian and Greenland Seas in the ‘Arctic’,
but some do not.

2. Geophysical, such as north of the Arctic
Circle, 66°33'N (Wikipedia). This was adopted
as the boundary by some authors of the “Arctic
Fauna” series (Schmidt, 1904).

3. Thermal indicators, the boundary is drawn,
on land along the 10° isotherm and at sea along
the 5° isotherm in surface water in July. This
boundary passes approximately along 70° N on
continents (except for southern Greenland,
Labrador Peninsula and adjacent areas of the
Atlantic, where it descends southward). In the
Atlantic, the southern boundary of the Arctic is

drawn approximately along the mean position
of the Arctic front. Within this concept, the
Arctic includes almost the entire Arctic Ocean
(except for the eastern and southern Norwegian
Sea) with all its islands (except for islands of
Norway), as well as adjacent areas of the Atlantic
and the Pacific (Wikipedia).

Autecological criteria are based on the spe-
cies thermopathy (cold water species as distinct
from cold-temperate or temperate). Initial bio-
geographical schemes, published in European
literature, used “boreal”: (i.e., northern) for
northern Europe, including Scandinavia. Every-
thing further north was usually called “Arctic”.
The author of one of the first (1837) biogeo-
graphical schemes, Milne Edwards separated
only three regions in Europe: Mediterranean,
Celtic, and Scandinavian. 1853 should be re-
garded as the year of the onset of the biogeo-
graphical regionalization of the Arctic since two
key works were published in that year (Dana,
1853; Schmarda, 1853). These authors indepen-
dently supplemented the scheme of Milne Ed-
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wards with the Arctic region. The names “Arc-
tic” and “boreal” became common, and they
were already widely accepted at publication of
the first worldwide biogeographical scheme of
Ortmann (1896). Eight years later, Schmidt
(1904) reviewed the biogeography of cold and
temperate waters of the North Hemisphere and
suggested his own scheme, also using the term
“Arctic” but employing “temperate” instead of
“boreal”.

The authors of the initial schemes had only
fragmentary data on the spatial distribution of
the biota. Therefore, they used temperature
data for extrapolation of the boundary, assign-
ing to the Arctic the areas with temperature
lower than a certain arbitrarily chosen value.
Dana (1853) assigned to the Arctic Kingdom
the waters within the isocrime (the line of mean
temperature for the coldest month) of 44°F
(6.3°C). This are includes “Norway, Iceland,
Greenland, the Alaska Archipelago, and adjoin-
ing parts of the coasts of America and Kamchat-
ka” (Dana, 1853: 1554), the Bering Sea, waters
around the Aleutian and North Kurile Islands.
Ortmann defined the Arctic Region by not only
low temperature but also by its high yearly
amplitude. He subdivided the Arctic Region
into Arctic-Circumpolar and two boreal areas
(Atlantic and Pacific), drawing the boundary
along the border of floating ice and suggesting
that inside that border water has a permanent
temperature close to 0° (actually, sea water of
35%o freezes at —1.9°C). Schmidt wrote about
necessity [to take into account the 3 criteria: 1)
the general fauna composition; 2) prevailing
cold-water forms; 3) physical nature ofthe sea]’
(Schmidt, 1904: 383). Although Schmidt used
the term [general fauna composition], his defi-
nition of the Arctic fauna explicitly showed that
only the temperature was the basis for the sub-
division. This is clearly seen from the state-
ments: [Division into zoogeographical regions
should be based on physical-geographical data]
(Schmidt, 1904: 372) and [I believe that Arctic
fauna is that fauna which is affected for certain
partofthe year by cooling down to ice formation
at the surface, and which adapts to temperatures

! Square brackets contain the author’s translation of
non-English text.

close to zero at the bottom] (Schmidt, 1904:
392). Schmidt regarded schemes based mainly
faunal composition as flawed: [Gunter was
based... more on the fauna composition than on
physical-geographical conditions, and therefore
hisadopted regions are often artificial ] (Schmidt,
1904: 374). Schmidt included in his Arctic
Region areas where ice sometimes forms (but is
not constantly present, as in Ortmann), and the
bottom temperature is below +0.5°C. This re-
gion included the Arctic, except for the south-
eastern Norwegian and southwestern Barents
seas, the West Atlantic to Newfoundland, the
northern and western Bering Sea, and the entire
Okhotsk Sea. These Arctic boundaries were
also accepted by Zenkevitch (1946: 112) and
Zernov (1949: 277).

Thus, initially, most authors assigned to the
Arctic water areas according to their own thre-
shold values of hydrological parameters. The
term “Arctic”, as used by Dana, Ortmann,
Schmidt, and Méobius, represent very different
notions. There is no test to choose the best
scheme based on physical-geographical crite-
ria. Strict compliance with hydrological charac-
teristics has led to assignment to the Arctic the
water areas inhabited by very different biota.
Mabius (1901) in his “Fauna Arctica” accepts
as the Arctic Region that part of the ocean where
the bottom temperature fluctuates around 0°;
towards the equator it descends to increasingly
lower depths. The same opinion view was adopt-
ed by Sars (1891) and Derjugin (1915: 714).

As biological data accumulated, an increas-
ing number of biologists adopted the opinion of
the German physician, writer and amateur zool-
ogist Julius Minding (1808-1850), who sug-
gested that biological regionalization should be
made based exclusively on the character of
biota distribution, and nothing else. This opin-
ion was shared by the Russian marine biogeog-
raphers Beklemishev (1969) and Kafanov et al.
(1980). The prevailing indices in biogeography
are those based on qualitative data (presence/
absence of a species).

Therefore, the concept of Arctic species is
treated in several senses in the literature, and
there is no consensus on the use of this term. The
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Fig. 1. Scheme explaining terms arctic and boreal.
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using of “Arctic species” has sense if only the
author indicates the strict meaning of this term.
However, there is the most popular meaning of
“Arctic species” which is used in majority of
papers and is applied to speices distributed in
the shelf. It is widely known that along the
northern coast of Europe the species with more
southern ranges (boreal) are supplanted with
those with ranges situated closer to the Pole
(Arctic). The mostdrastic transition occurs with-
in the Barents Sea.

Usually epithet “Arctic” has been applied to
species, inhabiting biogeographic region clos-
est to the North Pole (Fig. 1). As there is wide
range of depth within the North Polar Basin
species inhabiting deep waters can be found
near the North Pole, strictly shelf species cannot
be found near the Pole as there is no suitable
depth there. Species range of stenobathic deep-
sea arctic species are quite different from steno-
bathic shelf ones. To reflect this fact other
epithets have been used (shelf, deep-sea, eury-
bathic). Due the presence of eurybathic species
there is no sharp discrimination between deep-
water and shelf species, that is why our usage of
epithet “Arctic” seems reasonable to apply to
deep-water species as well as to shelf ones.

The real pattern of arctic and boreal species
distribution is discussed at the end of paper,
after detailed consideration of different types of
distribution species inhabiting the Barents Sea.

2. Review of schemes and methods of
regionalization of the Barents Sea

The continental shelf area of the Barents Sea
Region has been the subject of biogeographical

interest since the development of initial biogeo-
graphical schemes. The major published works
onmarine biogeography, Derjugin (1915), Sho-
rygin (1928), Gurjanova (1951, 1957), Ekman
(1953), Filatova (1958), Zenkevitch (1963),
Golikov (1963, 1980), Briggs (1974, 1995),
Nesis (1982, 1987), Herman (1989), Anisimo-
va (1989, 2000), Golikov, Scarlato (1989), and
Petryashov (1989, 2009), differ considerably in
their approach to biogeographical analysis. Some
ofthese schemes are shown in Fig. 2 and 3. Most
authors draw through the Barents Sea a single
biogeographical boundary —apart of the bound-
ary between boreal and Arctic biotas. This makes
the Barents Sea a good area for resolving both
general methodological issues and the long-
standing and intricate problem of delimiting the
boreal and Arctic faunas.

The Barents Sea is the northernmost of Eu-
ropean seas, part of the continental shelf area
surrounding the Arctic Ocean. Known in the
Middle Ages as the Murman Sea (Murman-
skoye Morye), ittakes the current name from the
Dutch navigator Willem Barents. The Barents
Sea is bordered in the West a line joining the
Southernmost point of West Spitzbergen to North
Cape of Bear Island, through this island to Cape
Bull and thence on to North Cape in Norway
(27°45E). In the Northwest. The Eastern shore
of West Spitzbergen, Henlopen Strait up to 80°
lat. North; South and East coasts of North-East
Land [island of Nordaustlandet] to Cape Leigh
Smith (80°05'N 28°00’E). In the North. Cape
Leigh Smith across the Islands Bolshoy Ostrov
(Great Island) [Storeya], Gilles [Kviteya] and
Victoria; Cape Mary Harmsworth (Southwest-
ern extremity of Alexandra Land) along the
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Fig. 2. Selected biogeographical
borders in the Barents Sea.
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Fig. 3. Scheme of biogeographical regionalization by Z.A. Filatova (1957).

The border and area positions somewhat differ from those illustrated in the paper. They have been corrected according
to the text of the paper, where the position of borders and areas were described in detail. The figure published in the paper
and the respective text have some discrepancies as concerns the number of biogeographical isolates, not to mention their
names, province ranges, and the region subordination.

Boreal Region, north-boreal atlantic Subregion: 1 — Norway-Murman-White-Sea littoral Province; 2 — West-Barents-
Sea sublittoral Province.

Arctic Region: 3 — low-Arctic sublittoral Subregion, Barents Sea Province; 4 — High-Arctic sublittoral Subregion:
a — Siberian upper-sublittoral brackish-water Province, b — Siberian-White-Sea sublittoral marine Province, ¢ —
Eurasian marine bathyal Province; 5 — high-Arctic abyssal Polar-Greenland Province.

Puc. 3. Cxema Ouoreorpaduueckoro paiionuposanus 3.A. @unatosoit (1957).

I'paHuIBI ¥ TOTOXKEHHE PAHOHOB ClIeTKa OTIMYAIOTCS OT JAHHEIX B €€ paboTe, OHU H3MEHEHBI B COOTBETCTBHH C TEKCTOM
CTaThH, T/I¢ TPAHMIIEI M apealIbl OMTHCAHbI AeTanbHO. OmyOIMKOBaHHBIC PUCYHOK U TEKCT HECKOJIBKO PA3IHYAIOTCS TAKKE
4uciIoM GroreorpaduuecKux paiioHOB, Ha OPIYOINKOBAHHOM PaHEE PUCYHKE HE OTPAKCHBI UX PAHT U COMOJIMHCHHE.
BopeansHas obnacts, CeBepo-0opeanpHas aTIaHTHYecKas mogodmacts: 1 — Hopsexcko-Mypmancko-benomopcekast
JIUTOpaNbHas MpoBUHIMA, 2 — 3anajgHo-bapeHnieBoMopckast cyOIUTOpanbHast IPOBUHIHS.

Apktndeckas obnacts: 3 — HuwxkHeapkTuyeckas nogodiacts, bapeHieBoMopckas cyoauTopaibHas IpOBUHIMS; 4 —
BricokoapkTryeckas HoxoomacTs: a — Cubupckas BepxHecyOIuTopanbHas (IpHOpPEeKHas) COTOHOBATOBOIHAS MPO-
BuHIUs, b — Cubupcko-benomopcekas cyonuTopansHas MOpcKast IPOBHHINS, ¢ — EBpasuiickas Mopckast GaTHaIbHas
nposuHnus; 5 — IlomstpHo-I'pennanackas abuccanbHas IPOBUHIS.
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northern coasts of Franz-Josef Land as far as
Cape Kohlsaat (81°14’'N 65°10’E). In the East.
Cape Kohlsaatto Cape Zhelaniya (Desire); West
and Southwest coast of Novaya Zemlya to Cape
Kussov Noss and thence to Western entrance
Cape, Dolgaya Bay (70°15’'N 58°25’E) on
VaigachIsland. Through Vaigach Island to Cape
Greben; thence to Cape Belyi Noss on the main-
land. In the South. a line joining Svyatoi Nos
(Murmansk Coast, 39°47°E) and Cape Kanin.
The Barents Sea is 1,300 km long and 1,050 km
wide and covers 1.4 million square kilometres.
The average depth is 230 m, with a maximum
depth of 600 m in the Bear Island Trench. There
are several bank areas, with depths between 50
and 200 m. The eastern corner of the sea, in the
region of the Pechora River’s estuary, has been
known as Pechora Sea.

In earlier works the biogeographical borders
were drawn based on several criteria: analysis
of biota, hydrological and bathymetric charac-
teristics of relatively large regions, and ex-
trapolation using hydrological data. For exam-
ple, the map of Schmarda (1853) shows the
boundary between the “Arctic Ocean” and “the
north of the Atlantic” drawn along the isotherm,
although descriptions of biogeographical re-
gions include characteristic animals. Early au-
thors (Schmarda, 1853; Forbes, 1856 and Wood-
ward, 1856) included the entire Barents Sea in
the Arctic Region. By the end of 19" century
accumulating data led most authors to introduce
a transition zone. This zone was called various-
ly: “hyperborean” (Torell), “subarctic” (Pack-
ard), “Bore-Arctic” (Appeldf), “lower” (the area
of melting drifting ice) as different from “up-
per” (the area of permanent ice) by Shidlovskiy
(after Derjugin, 1915). [Appelof assigned to the
Boreo-Arctic region the ocean area where the
water temperature strongly varied, being affect-
ed by interchanging warm and cold flows...
Here the author includes the coast of eastern
Finnmark, the Murman coast, the shallow-water
part of the White Sea and the southwestern part
ofthe Barents Sea] (Derjugin, 1915:715). Derju-
gin himself preferred the name subarctic Re-
gion, reasonably believing that the name “Boreo-
Arctic” is too similar to the type of distribution
of taxa occurring in both Arctic and boreal

waters. The subarctic Region of Derjugin (1915)
[is hydrologically characterized by a near-bot-
tom temperature usually not descending below
0° and not ascending above 5-6°... Floating
polar ice also usually does not enter these wa-
ters] (Derjugin, 1915: 718). Derjugin drew the
north boundary of the subarctic Region from the
White Sea entrance northwestward towards Bear
Island and to southern Spitzbergen along the
boundary of the floating ice; the south boundary
was drawn through Iceland and the Faeroes.

In the biogeography of the Barents Sea,
three different concepts of a biogeographical
region have been employed, based on data on
species distribution.

In the first case, the water area was divided
into regions by studying the species range bor-
ders (by range typification, or by finding the
species ranges boundaries condensation). Usu-
ally the borders of regions were drawn at the
same scale as that used at the range typification.
The maps used, or the analysis, are of the scale
of about 1.5-2.5 million or smaller (they show,
for example, the entire Arctic, or temperate and
high latitudes of the North Hemisphere). Corre-
spondingly, the borders (Fig. 2) are rough (Zen-
kevitch, 1947; Gurjanova, 1951; Golikov, 1963,
1980; Nesis, 1982). The main virtue of this
method was to provide an easy biogeographical
interpretation of the results, because all the
borders are biogeographical. An additional ad-
vantage is the possibility of small-scale region-
alization using a small body of data.

One computers became available, to group
the data by different methods, authors began to
separate regions by the similarity of species
composition, estimated by one or another coef-
ficient (the required similarity value is set sub-
jectively). This understanding of a biogeogra-
phicalregion allows regionalization at any scale,
irrespective of the body of data. However, there
are problems of biogeographical interpretation
because the method does not permit us to distin-
guish biogeographical borders from those of
biocenoses (=communities).

Shorygin (1928) suggested a third concept
for a biogeographical region, that [a part of
given water basin or area, the fauna of which is
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Fig. 4. Comparison of results of region grouping by different methods.

On the left — the results of cluster analysis using the Czekanovski index by percent ratio of species groups of different
biogeographical affinity. On the right — group of the same regions based on direct comparison of their species lists. The
figures correspond to the same regions. After the data of Anisimova (2000).

Puc. 4. CpaBHeHHEe pe3yibTaTOB IPYNIIMPOBAHUS PaliOHOB, MPOBEICHHOTO Pa3HBIMU METOJIaMHU.

CiieBa— pe3yJIbTaThl KIACTEPHOT0 aHAJIN34 C UCII0JIb30BaHUEM HH IeKca UeKaHOBCKOT O 110 TPOLIEHTHOMY COOTHOIICHHIO
IPyNI BHIOB pa3HO#l Ouoreorpaduueckoil npupoasl. CrpaBa — rpyNnupoBKa TeX K€ PETHMOHOB, OCHOBAHHAs Ha
psIMOM CpaBHeHHH uX (ayH. Uncinamu cieBa u cripaBa 0003HA4YCHBI OHH U TE€ K& PETHOHBI.

characterized by prevalence of some zoogeo-
graphical element over each of other elements
composing the fauna]. (Shorygin, 1928:100). A
scheme of Z.A. Filatova, exemplifying this ap-
proach is shown in Fig. 3. This concept of a
biogeographical region allows more regions to
be isolated than previous methods, with the
same body of data. However, there are some
shortcomings.

1. The main shortcoming was clear to Sho-
rygin (1928): [zoogeographical groups prevail-
ing over each other, which thus becomes the
basis of our concept, are to a certain degree
artificial and arbitrary]” (Shorygin, 1928: 100).
This is a drawback of the method of typification
ofranges, rather than of the Shorygin’s method.
However, while regionalization by typification
of ranges allows us to avoid the discrepancies
dueto generalization, Shorygin’s method leaves
less possibility for generalization in determina-
tion of biogeographical nature of a region. The
typification of ranges can lead to results that
cannot be interpreted. A good example of com-

pletely different results from the use of the
second and third concepts can be seen in Fig. 4,
from Anisimova (2000).

2. The results are very sensitive to subsequ-
ent changes in data. For example, of 27 echin-
oderm species assigned to the Arctic by Shory-
gin, only 12 are currently considered as such,
because other species have been found far
outside their previously known range (Jirkov,
2004).

Of the three concepts mentioned, the first,
based on studying species range borders, is
preferable. Although a range is three-dimensio-
nal, it is currently not possible to draw the
species range borders in tridimensional space,
primarily due to insufficient data. Despite sam-
pling about 10,000 stations have been sampled
in the open part of the Barents Sea between
1921-1977 (Alekseeev, Galkin, 1981). Suppo-
sing that about the same number of stations have
been sampled since then, a single sample is still
the basis of judgement on nearly 100 km? of the
bottom area. Moreover, only some species and
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only in areas of their mass development are
characterized by incidence of 100%.

It is known that there are no [special scien-
tific or technical means for drawing the species
range borders. The species range borders of
ranges are drawn by formal connection of ex-
treme points... or by extrapolation] (Tupikova,
Komarova, 1979: 154). This widely used meth-
od usually results in distorted and reduced spe-
cies ranges, while the degree of reduction di-
rectly depends on the number of collected sam-
ples. For the extrapolation data on hydrology
usually are used but hydrological maps based on
extrapolation of data as well. The positions of
usual species range borders are rather well
known, whereas the rare species range borders
for are drawn approximately. The method of
range typification is an extrapolation of poorly
known ranges by better-known ones, and the
refinement of the biogeographical scheme de-
pends on the number of usual species. However,
any [implementation of extrapolation is very
rarely based on objective criteria and to a large
degree remains intuitive, not no say arbitrary]
(Tupikova, Komarova, 1979: 142). Tolmachev
(1962: 20, 1974: 30) called the species ranges
[arbitrary patterns].

Kuznetsov (1936) studying distrubution of
East European mammals has found that their
species range borders usually coincide and give
a line. He call such a line “synperate”. Later
several authors (Kiselevaetal., 1969; Razumov-
sky, 1999) proposed to use for extrapolation of
species range borders with similar distribution
in a certain place. This metod is used here and
resulting species range borders is called “syn-
perate”. Thus each synperate is a boundary of
distribution of a group of species with one and
the same type of range in a certain place. Similar
approach has been used by Dice (1943) for
delimiting biotic provinces of North America.
Based on the similarity of distribution of species
within the Barents Sea, several types of local
(i.e. within the Barents Sea) species groups
(LSGs) were identified. The range borders of
species belonging to the same LSG do not
coincide completely, but form a crowding zone.
So each synperate was drawn along the outer

edge of the crowding zone. The group divisions
were completely chorological, withoutregard to
data on temperature, depth, bottom type, etc. The
latter data were used only in the characterization
and description of isolated regions, as well as in
description of the position of synperates.

Range borders of certain species, as well as
borders of biogeographical regions, can be tor-
tuous, with mosaic patterns occurring. For ex-
ample, in the Barents Sea, isolated depressions
and scoops of the Kola and Motovsky bays are
inhabited by relict Arctic fauna with many Arc-
tic and no boreal species. Finding of such refug-
es is usually possible at a large map scale. At
small scale, they make a deceptive appearance
of blurred biogeographical borders (Filatova,
1957: 200; Antipova, 2000: 248). So in identi-
fying the LSGs, there was no requirement for
range continuity; the range could consist of any
number of fragments.

The accuracy in drawing biogeographical
borders depends on the number of species used
in the analysis and on the number of records of
each species. In practice, due usually to insuffi-
cient data, there is a tendency for the species
range borders to be straightened and the ranges
shown as continuous.

The number of polychaete species known in
the Barents Sea is high. They are readily sam-
pled by both trawls and dredges and are an
appropriate group for biogeographical studies.
Recently, taxonomic revisions of the fauna of
Russian northern seas, has enabled good identi-
fication of some taxa, i.e. more than one third of
the Barents Sea polychaete fauna (Uschakov,
1972, 1982; Khlebovich, 1996; Kupriyanova,
Jirkov, 1997; Jirkov, 2001).

Large collections of polychaetes from the
Barents Sea enable a detailed study of the Bar-
ents Sea biota. With this data is not necessary to
use hydrological data species ranges (or other
biological phenomena) can be studied directly.
Although the distribution of the biota depends
on hydrology and geomorphology, it would be
presumptuous to suggest that, with our current
knowledge, we can to point out the characters
really important for the ecosystems. In other
words, we cannot assume that areas splitted by
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Fig.5.Map of dataused in analysis.

200-m and 500-m isobaths are shown.

Not all samples can be found on this

and following maps because, in some
cases, one location may match several
samples as they have been collected 80°
close (or even at the same place) and

can not be shown as separate sign.

Puc. 5. Kapra ucnonb3oBaHHBIX
JTaHHBIX.

IMokazansl 200 1 500-meTpoBhIe H30-  75°
Oatbl. He Bce HaXOAKH OTpaXkKeHbI Ha

3TOH W MOCIEIYIOWMX Kaprax, I0-
CKOJIbKY HEKOTOPbIE ObLIN CACIaHbI B
OJIHOM WM GIM3KO PACTIONOKEHHBIX 10
TOYKaxX M HE MOTYT OBITh MOKa3aHbI
OT/ICJIbHBIMH 3HAYKAMH.

65°

80

75°

70°

65°

hydrological and geomorphological characters
will necessarily coincide with those splitted by
species distributions.

The typology of ranges of species found in
the North Polar Ocean was developed earlier
(Jirkov, 2001; Sirenko et al., 2009), although at
the scale of the entire ocean scale or for cold and
temperate waters of the North Hemisphere. This
study details the analysis of species distribution
within the Barents Sea only.

The given maps of LSG show records of
several species. Not all of these records can be
found on the maps because, in some cases, one
location may match several samples collected
close to each other. Except for some isolated
localities, the extreme points on each map were
connected by lines. It should be noted that
species within the same LSG could be distrib-
uted either similarly or differently outside the
Sea. Within the same LSG, species may differ
in both the feeding mode and the reproductive
mode.

3. Chorology of polychaetes of the
Barents Sea

Material

The study was based on the two largest
polychaete collections, stored at the ZIN RAS
and atthe Department of Hydrobiology of MSU.
The distribution in the Barents Sea of 157 spe-

cies were studied in the families: Aphroditidae,
Sigalionidae, Goniadidae, Nereidae*?, Eunici-
dae*, Onuphidae*, Chaetopteridae, Flabellige-
ridae, Scalibregmidae, Maldanidae, Arenicol-
idae, Pectinariidae*, Ampharetidae*, Terebel-
lidae*, Sabellidae and Serpulidae*. In addition,
data was also obtained on the distribution of
species from other families, particularly Phyl-
lodocidae. Data of Murmansk Marine Biologi-
cal Institute (Murmansk) have been used as
well. Totally 15912 findings within area shown
at figs 5-8, 10 and 12—17 have been used in
analysis (Fig. 5).

Types of polychaetous distribution
within the Barents Sea

Three groups could be identified in respect
to their character of geographical distribution
within the Sea:

1. Species distributed within tidally mixed
regions (shallow-water).

2. Species distributed mainly on the shelf,
but not occurring outside it (shelf).

3. Species distributed not only on the shelf
but also on adjacent areas of the slope and in the
abyssal (eurybathic).

Nine LSGs can be recognized within the
Barents Sea. The species within each LGS often

2 Families marked by an asterisk have been studied in
both collections, while the others — only in the collection
of the Department of Hydrobiology.
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Table 1. Correspondence between LSG and range types, according to Jirkov (2001), and Sirenko et al.
(2009), and commonly used names.

Notes. Sirenko et al. (2009) described only species range, inhabiting either shelf or bathyal and abyssal. There is no any
type of species range including both shelf and bathyal-abyssal, despite such ranges are common and numerous among
Polychaeta. So correspondence between species ranges of eurybathyc species (our types) and their types is somewhat
subjective. One LSG can include species with different distribution outside the Barents Sea.

Tabnmma 1. CooTBeTcTBHE MEXAy MecTHBIMHU rpynmaMu BunoB (LSG) u tunmamu apeanos mo JKupkoBy
(2001), Cupenko u ap. (2009) u pacnpocTpaHEHHBIM TIOHUMAaHHUEM TEPMUHOB.

Ipumeuanus. Cupenko u ap. (2009) onucanu THITB apeaioB, OXBAaThIBAIONINX MM 1Ieb¢) Win 6atuans u abuccans. B
HX K1acCH(HKALNK HET THIIOB apeaioB, KOTOPBIC OXBATHIBAIIH OBl U ek} U baTHanb-abuccanb, HECMOTPS Ha TO, 4TO
TAaKHe apeajbl OOBIYHBI U MHOTOYMCICHHBI CPEAH IONHXET. [I09TOMY COOTBETCTBHE MEXK/y BHIOBBIMH apeagaMu
9BpHOATHBIX BUOB (HAIIM THIIBI) U THIAaMH apeanoB Cupenko u ap. (2009) B onpeneneHHON CTEIEHH CyOBEKTUBHO.
Opna LSG mosxeT BKII0YaTh BUJIBI C Pa3HBIM PaCIPOCTPaHEHHEM 3a IpejenaMu bapeHuesa Mops.

Species included in different LSGs or with ranges of different types
kS@ Jirkov (2001) Sirenko et al. (2009) Comiouly
used names
; . . Widespread boreal-Arctic (except Pacific | Arctic-boreal and
LSG-1 i}:f;:::fpiz%?g;:gl ?ﬁ:ﬁc _Pacific widespread boreal Arctic and Pacific high |more widely
2 boreal Arctic) and subtropical -Arctic distributed
el U S e Atlantic widespread boreal, amphiboreal
LSG-3 | Shelf near-Atlantic and Atlantic- Atlantic subtropical-boreal- | Boreal
LSG-4 | Pacific
Arctic, Arctic Eurasian, Pacific
LSG-5 |Shelf pan-Arctic and Arctic-Pacific | widespread boreal. Pacific high boreal Arctic
Arctic
LSG-6 | Deep-sea high-Arctic Arctic bathyal. Arctic bathyal -abyssal
Eurybathic pan-Arctic, Arctic- Arctic bathyal, Arctic bathyal -abyssal,
LSG-7 | Atlantic-Pacific, and deep-water Atlantic-Pacific-Arctic bathyal and
Arctic-Atlantic-Pacific bathyal-abyssal, widespread boreal-Arctic Abctic-boresl aiid
Arctic bathyal, Arctic bathyal -abyssal, rc.llc-llorea e
: e e - more widely
arcto-Atlantic bathyal and bathyal- distributed
LSG-8 |Eurybathic pan-Arctic abyssal, Atlantic-Pacific-Arctic bathyal
and bathyal-abyssal, widespread boreal-
Arctic
2 . Atlantic-Pacific-Arctic bathyal and .
LSG-9 |Shelf and eurybathic near-Atlantic bathyal-abyssal, widespread boreal-Arctic Boreal

differed in their feeding (predators, detrito-
phages, sediment eaters, filter-feeders) and re-
productive modes (from species with long-living
pelagiclarvato those depositing eggs within their
tubes and to reproduction by division), so LGS is
notecological groups. Table 1 shows their corres-
pondence to the range names in general use and
to the range types compiled by Sirenko et al.
(2009) and Jirkov (2001). Species not having
range boundaries within the Barents Sea are
placed in LSG-1. This group contains many
common species that are widely distributed in the
Barents Sea. However, this group does not in-
form us regarding biogeographic regions in the
Sea and is not considered further.

LSG-2 includes species living within tidally
mixed regions of the south-western part of the
Sea (Fig. 6). These are not numerous, although

there are more than a dozen in the families
considered: Phyllodoce mucosa, Nephtys cae-
ca, Nereis virens, Arenicola marina, Branchio-
maldane labradorensis, Pectinaria granulata,
P. koreni, Amphitrite figulus, Pomatoceros
triquiter, small Sabellidae (Fabricia, Mana-
yunkia) and many Spirorbidae. Among other
taxa, this group probably includes Lepidonotus
squamatus and Harmothoe viridis, as well as
representatives of other classes, including My1i-
lus edulis, Cerastoderma edule and Asterias
rubens. This group should probably be subdivi-
ded: one subgroup restricted in its distribution
by the northern coasts of the Kola Peninsula,
and another, more widely distributed, penetrat-
ing in the Pechora Sea and in the in the White
Sea. An indicator species of the first subgroup
would be Pectinaria granulata.
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Fig. 6. Distribution of LSG-2 species in
the Barents Sea.

Shown are 266 findings of Pectinaria granu-
lata and Pomatoceros triquiter. " 24 s L
Puc. 6. Pacnpocrpanenne LSG-2 BumoB wiza (B k . L ]
B Bapeniesom Mope S T Ry
IMoka3zansl 266 Haxonok Pectinaria granula-
ta n Pomatoceros triquiter.
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Fig. 7. Distribution of LSG-3 species in

the Barents Sea.

Shown are 245 findings of Aphrodita acu-
leata, Laetmonice filicornis, L. uschakovi,
Neoleanira tetragona, Goniada maculata, G.
norvegica, Hyalinoecia tubicola, Paradio-
patra fjiordica, P. quadricuspis, Eunice
pennata, Owenia borealis, Pectinaria auri-
coma, Filograna implexa. 200- and 600-m
isobaths are shown.

Puc. 7. Pacnpocrpanenne LSG-3 BumoB
B bapenuesom mope

IMoka3zansl 245 waxonok Aphrodita aculeata,
Laetmonice filicornis, L. uschakovi, Neole-
anira tetragona, Goniada maculata, G. nor-
vegica, Hyalinoecia tubicola, Paradiopatra
fjiordica, P. quadricuspis, Eunice pennata,

Owenia borealis, Pectinaria auricoma, Filo-
grana implexa. Ilokasansr 200- u 600-
METpOBbIE H300AaTHI.

Fig. 8. Distribution of LSG-4 species in
the Barents Sea.

Shown are 350 findings of Nephtys longose-
tosa, Nereis pelagica, Polyphysia crassa, So-
sane wireni, Amphitrite groenlandica, Pista
bansei, Hydroides norvegica. 200- and 600-
m isobaths are shown.

Puc. 8. Paciipoctpanenue LSG-4 Bugos
B bapenuesom mope.

IMoxa3zansr 350 Haxonox Nephtys longoseto-
sa, Nereis pelagica, Polyphysia crassa, Sosa-
ne wireni, Amphitrite groenlandica, Pista ban-
sei, Hydroides norvegica. Iloxa3zausl 200- u
600-meTpoBEIe H300aTHL




80

L.A. Jirkov

Fig. 9. The range of Arctic shelf species.
Shown are 385 findings of Paranaitis wahl-
bergi, Brada rugosa, B. streltzovi, Clymenu-
ra polaris, Owenia polaris, Ampharete bo-
realis, Amphicteis sundevalli, Branchiomma
arctica, Euchone papillosa. 500-m isobath is
shown.

Puc. 9. Apean apKTHUECKUX MIETb(POBBIX
BHJIOB.

IMokazausl 385 Haxonok Paranaitis wahlber-
gi, Brada rugosa, B. streltzovi, Clymenura
polaris, Owenia polaris, Ampharete borealis,
Amphicteis sundevalli, Branchiomma arctica,
Euchone papillosa. Iloxa3ana 500-meTpoBast
nsobara.

Fig. 10. Distribution of LSG-5 species
with Arctic shelfrange in the Barents Sea.
Shown are 286 findings of the same species as
in Fig. 9. 200- and 600-m isobaths are shown.
Puc. 10. Pactipoctpanenne LSG-5 Bumos
C apKTHYECKUM IIeNb(OBBIM apeaioM B
Bbapenuesom mope.

TTokazanbl 286 HAX0IOK TEX e BUOB, YTO U
Ha puc. 9. ITokazansl 200- u 600-meTpoBbIe
n300aThI.

Fig. 11. The range of Arctic-Pacific-
boreal shelf species.

Shown are 1744 findings of Pectinaria hyper-
borea, Ampharete finmarchica, Lysippe
labiata, Axionice flexuosa, Lanassa nor-
denskjoldi, Leaena ebranchiata. 500-m iso-
bath is shown.

Puc. 11. Apean apKTO-TUXOOKEaHCKHX
11eNb(GOBBIX BUIOB.

Toxazansr 1744 naxonku of Pectinaria hyper-
borea, Ampharete finmarchica, Lysippe
labiata, Axionice flexuosa, Lanassa norden-
skjoldi, Leaena ebranchiata. Tloxa3ana 500-
MeTpoBasi u3obara.

Fig. 12. Distribution of LSG-5 species
with Arctic-Pacific-boreal shelf range in
the Barents Sea.

Shown are 1383 findings of the same species
as in Fig. 11. 200- and 600-m isobaths are
shown.

Puc. 12. Pacnpoctpanenue LSG-5 BuoB
C apKTO-THMXOOKEAHCKHM IIEITb(HOBBIM
apeasioM B bapeHiieBoM mMope.

TTokazans! 1383 HAXOIKM TEX K€ BUIOB, UTO K
Ha puc. 11. IToxazans! 200- u 600-MeTpoBBIe
1300aTHL.
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Fig. 13. Distribution of LSG-6 species in
the Barents Sea.

Shown are 53 findings of Melinnopsis arctica
and Hyalopomatus claparedii. 300-m isobath
is shown.

Puc. 13. Pactipoctpanenue LSG-6 Bunos
B bapenuesom mope.

ITokasansl 53 Haxonku Melinnopsis arctica
u Hyalopomatus claparedii. Iloxa3ana 300-
MeTpoBas u3obarta.

LSG-3. Species distributed in southwestern
part of the sea outside tidally mixed regions
(Fig. 7), some of them can be also distributed in
tidally mixed regions.

LSG-4. Species living both in the southwest
and in the southeastern part of the sea, towards
the Kara Sea (Fig. 8).

LSG-5. Species absent in the southwestern
part of the Sea (refuges in inlets, bays and fjords
excepted). This group includes besides arctic
species (Fig. 9) species distributed in the Pacif-
ic, towards Peter the Great Bay in the Japan Sea
(Fig. 11) as well. The last group inclides such
very common in the Barents Sea species as
Pectinaria hyperborea and Ampharete finmar-
chica. The former is even one of the most
abundant species of the whole marcobenthos
(not only Polychaeta) (Brotskaja, Zenkevitch,
1939). Both groups inhabit in Atlantic part of
the Newfounland region, which is the part of
Arctic (see for example Nesis, 1982).

However, distribution of both groups in the
Barents Sea is much the same (Figs 11 and 12),
both these groups have similar western and
northern synperates in the Barents Sea and there-
fore there are no grounds to treat them as differ-
ent LSGs. LSG-5 is absent in the northeastern
part of the Sea, appearing again only in shallow-
water area off Franz Josef Land.

In the south-western part of the sea (west-
ward of the Kola meridian, 33°30” E), the distri-
butions of LSG-3 and LSG-4 are complementary
to that of LSG-5. Starting from the Kola merid-

ian, the distributions of LSG-3 and LSG-4 dif-
fer: the LSG-3 synperate passes southward along
the Kola meridian and only, in the very coastal
areas, curves eastward, entering the White Sea,
but not occurring off the eastern shores of the
White Sea funnel. The synperate of LSG-4
species deviates eastward of the Kola meridian
at about 72°N, and forms tongues westwards to
Novaya Zemlya between 200 m isobath and
coast, and the second between mainland and 50
m isobath at about 69°N, towards the Kara Sea.
LSG-4 species were recorded in the northeastern
Barents and northern Kara seas. This distribution
cannot be due to larval migration, since it occurs
also for species lacking a pelagic larva, e.g.
Sosane wireni. These isolated areas may be con-
sidered as refuges warmed by Atlantic water
passing beneath the freshened surface lens.

LSG-6 occurs only in the northern Barents
Sea, almost exclusively at depths exceeding 300
m (Fig. 13). This LSG includes two high-Arctic
deep-sea species: Melinnopsis arctica and Hy-
alopomatus claparedi (Jirkov, 2001).

LSG-7 is widely distributed in the Barents
Sea at depths of 300 m and more (Fig. 14). This
LSG includes species widely distributed in both
the Atlantic and Pacific and the Arctic Noto-
proctus oculatus, Glyphanostomum pallescens
and Samythella elongata, the Arctic endemics
Maldane arctica, Amage auricula, Amphicteis
ninonae, and Protula globifera. They are ab-
sent in the most south-east part of the Sea and in
Spitsbergen-Bear Island plateau (but can be
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Fig. 14. Distribution of LSG-7 species in
the Barents Sea.

Shown are 956 findings of Maldane arctica,
Notoproctus oculatus, Amage auricula, Am-
phicteis ninonae, Glyphanostomum pal-
lescens, Samythella elongata, Protula globi-
fera. 200- and 600-m isobaths are shown.
Puc. 14. Pactipoctpanenue LSG-7 Buznos
B bapenuesom mope.

TTokazansl 956 Haxo0k Maldane arctica, No-
toproctus oculatus, Amage auricula, Amphi-
cteis ninonae, Glyphanostomum pallescens,
Samythella elongata, Protula globifera.
IMoka3zansr 200- u 600-meTpoBbIe H300aTHI.

Fig. 15. Distribution of LSG-8 species in

: = 4 the Barents Sea.

R e ! 1 4 -+ Shown are 65 findings of Nicomache quadri-
: - 3 / | spinata, Anobothrus laubieri, Jasmineira

g s * _ w25 | schaudinni. 200- and 600-m isobaths are

Y t shown.

Puc. 15. Pacipoctpanenune LSG-8 Bunos

B bapennesom Mope.

by IMoka3zansl 65 Haxomok Nicomache quadri-

spinata, Anobothrus laubieri, Jasmineira

; schaudinni. Ilokazansl 200- 1 600-meTpoBbIE

= H306aTHI.

Fig. 16. Distribution of LSG-9 species in
the Barents Sea.

. e Shown are 253 findings of Asychis biceps and
= Potamilla neglecta. 200- and 600-m isobaths
- are shown.

Puc. 16. Pactipoctpanenune LSG-9 Bunos
Sy B bapenuesom mope.

IMoka3anbi 253 Haxonok Asychis biceps u Pota-
milla neglecta. Ilokazansl 200- u 600-
r METpOBbIE U300aThI.

found within Spitsbergen and Franz-Joseph Land LSG-8 is found only in troughs in the south-
archipelags). The synperatebetween LSG-7and ~ west of the sea (Fig. 15). Atthe middle-scale, its
LSG-5 going eastward from 35°E mainly along ~ distribution within the Barents Sea is very sim-
77°30’. ilar to that of LSG-3. The only difference is that
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species of LSG-3 were not recorded in most of
the Medvezhij Island trough. However, while
the species range borders in the south-west
Barents Sea are the eastern ones (or, at least, the
borders of the near-Atlantic part of species
ranges) inall species of LSG-3, LSG-8 compris-
es species with completely different species
ranges, they are exclusively endemics of the
North Polar Basin: Nicomache quadrispinata,
Anobothrus laubieri and Jasmineira schaudinni.
A similar species range borders are characteris-
tic for deep-sea species of echinoderms includ-
ing the endemic Arctic sea lily Poliometra pro-
lixa and occurring also in the Atlantic sea stars
Korethraster hispidus and Solaster squamatus
(Shorygin, 1928).

LSG-9 comprises species that were found,
like LSG-8, only in troughs of the southwest of
the sea but also in the trough passing east of
Spitsbergen (a continuation of the Medvezhij
Island trough) (Fig. 16). Paradoxically, this
LSG includes also species with the main part of
their range situated south of the range of the
LSG-8. The Barents Sea synperate of LSG-9 is
the eastern range borders in the Atlantic sector
of the North Polar Basin of two boreal species,
Asychis biceps and Potamilla neglecta.

The nine LSGs correspond to eight synper-
ates, since LSG-1 has no synperate within the
Barents Sea. Synperate LSG-2 delineates the
biogeographical region inhabited by upper-sub-
littoral biota. Five or six synperates in the south-
western part of the sea form an aggregation zone
that can be called the “zone of crowding of the
synperates”, similar to the the “zone of crowd-
ing of the species range limits”. This belt passes
from Medvezhij Island to the Central Rise and
then moves southward along, approximately,
the Kola meridian. Some synperates almost
reach the shore, where they curve eastward
along the coast.

Two synperates curve eastward far from the
coast passing about along the 100-m isobath of
the south-eastern part of the Sea, whereas the
third one forms a tongue along the southern
island of Novaya Zemlya, approximately along
the isobaths of 100 and 200 m, and rounding it
to the south, enters shallow water.

Thus synperates form “a crowding zone” in
the south-west corner of the Barents Sea. Can
this the zone of synperate crowding be accepted
as boundary of Arctic? Really, the “Arctic”
edge of this zone more or less corresponds to the
boundary between the Arctic and boreal regions
of Golikov (1963, 1980), Kussakin (1979) and
Briggs (1995), whereas the “boreal” edge corre-
sponds to the same boundary of Zenkevitch
(1947) and Gurjanova (1951). The border of
Nesis (1982) is situated further northward and
corresponds rather to the border of Filatova
(1957) between low- and high-Arctic regions,
and to the synperate LSG-7.

However the zone of synperate crowding
does not actually correspond to the boundary
between Arctic and boreal regions. The distri-
bution of eurybathic Arctic endemics (LSG-8)
in the south-western Barents Sea is complemen-
tary to that of stenobathic shelf endemics (LSG-
5). Using the terminology in Sirenko et al.
(2009) (see Table 1), it can be said that the
southwestern species range boundary of some
Arctic species is the northeastern species range
boundary of other Arctic species. But these
arctic species in reality have different species
ranges. The former species are the shelf ones,
while the last species are the eurybathyc ones.

Resulting scheme of biogeographi-
cal regionalization of the Barents Sea

In summary: the following provinces can be
recognised in the Barents Sea (Fig. 17):

1.  Scandinavian shallow-water.
Near-Atlantic shelf.

Low Arctic west.

Low Arctic east.

North Polar (High Arctic) shelf.
Sublittoral-upper-bathyal North Polar.
. Deep-sea North Polar.

The first two and fifth are shallow-water and
belong to the Arctic-Boreal Shelf Region. There
is no reason to take the North Polar shelf prov-
ince as a region of high rank, contrast to all
boreal regions, as has been done by some au-
thors (Gurjanova, 1972), because the bulk of
North Polar shelf province fauna is composed of

N v R W
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Kola transsect™

Fig. 17. Resulting scheme of biogeographical regionalization of the Barents Sea.

Provinces: 1 — Scandinavian shallow-water; 2 — Near-Atlantic shelf; 3 — Low Arctic west; 4 — Low Arctic east;
5 — North Polar shelf; 6 — Lower sublittoral-upper-bathyal North Polar; 7— Deep-sea North Polar. Dotted lines show
borders of investigated areas. 200- and 600-m isobaths are shown.Bold line — Arctic-Boreal boundary.

Puc. 17. Urorosas cxema 6uoreorpaduieckoro paiionupoanus bapeHiiera Mops.

IpoBunmym: 1 — CxanpuHaBckas MenkoBoAHas; 2 — Ilpuatnantudeckas menbdosas; 3 — Huskoapkruueckas
3anaanas; 4 — Huskoapkruueckas BocrouHas; 5 — Cesepo-nonsipHas menbdosas; 6 — HukHecyOnuropanbHo-
BepxHeOaTnansHass CeBeponoisipHasi; 7 — I'myGokoBoguass CeeponomspHas. Mccnenyemslii pailoH orpaHHYeH
ToyeuHbIMH THHUAMH. [Tokazansl 200- u 600-meTpoBbie U300athl. JKupHas nuHus — Apkro-bopeanbHas rpaHuua.
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Fig. 18. The Kola transsect (33°30’E) from coast to
82°N.

Numbers are the same as in Fig. 17.

Puc. 18. Pa3pe3 Baponp Konbckoro mepunuana
(33°30’E) ot Gepera o 82°N.

Yucna Te xe, 4To U Ha puc. 17.

species with ranges embracing at least one of
boreal shelf region as well. The position of the
Deep-sea North Polar and Sublittoral-upper-
bathyal North Polar provinces within global
scheme of biogeography can be shown only
after arrangement of an integrated biogeogra-

phical scheme of the World Ocean, including all
depths from intertidal to abyssal. At present
time it is not possible to state if the bathyal
Provinces are a part of deep or shallow water
ones. The final decision can be made only after
making a scheme for all depths. However al-
ready now it can be state that the depth by itself
is not the most important factor, determinative
for the positions of biogeographic borders.
Transect placed across the Barents Sea along
33°30’ (Fig. 18) shows that last three provinces
are placed at similar depth. However their fau-
nas differ by species with different vertical
distribution.

Arctic-Boreal boundary

Most authors dealing with the regionaliza-
tion of the Barents Sea drew a boundary be-
tween Arctic and boreal regions. Few authors
isolated deep-sea regions in the Barents Sea,
although the fact of eurybathic, but mainly deep-
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Fig. 19. Scheme of distribution of local species groups (LSGs) in the Barents Sea in relation to boreal and
Arctic zones.

A — a situation within one vertical zone; B — a situation within the Barents Sea. Different types of species ranges are
shown in italic. Width of the horizontal bands reflects number of species with certain type of distribution. Numbers are
the same as in Fig 17.

Puc. 19. Cxema pacnpoctpaneHus MecTHBIX rpymm BuaoB (LSGs) B bapeHIIeBOM MOpe OTHOCUTEIBHO K
rpaHuie 0opeaabHOI 1 APKTHYECKOH 30H.

A — cxeMma B Ipefiesiax OJHOW BEpPTHUKaIbHOW 30HBI; B — cxema cutyauuu, umeromieil Mecto B bapeHuesom mope.
Ha3zBaHus pa3nuuHBIX THIIOB apeajoB AaHbl Kypcusom. llluprHa TOPU30HTAIBHBIX IOJIOC OTPAXKAET YUCIO BUIOB C
JaHHBIM THIIOM pacnpocTpaneHus. Ludpsr Te xe, uto u Ha puc. 17.

sea species penetration into the Barents Seahas  species and southern and western for Arctic
been known for a long time. Shorygin (1928: ones. More than a simple replacement of boreal
106) wrote: [Abyssal part of the faunaundoubt-  for Arctic species occurs here. This, in my
edly reached the Barents Sea from the north]. opinion, indicates that the conventional opinion
Filatova (1957) recognised a “Eurasian marine  of the Barents Sea as a sublittoral region is not
bathyal province” within the Barents Sea as a reasonable. The Barents Sea also harbours a
part of the Arctic Region, the boundary of this  biogeographical boundary where occurs chang-
Province coincided well with most part of the es of shelf biota to the shallow-water one and
LSG-8 synperate. Anisimova (2000) recognized  shelf to the more deep water one. Probably the
the “Central Barents Sea deep-sea region”; the differences inunderstanding ofthe Barents Sea’s
borders of this region do not coincide with those  biogeography are explained not only by differ-
of any previously isolated region. All species of ent methodological approaches, butalso by more
LSG-6, LSG-7, LSG-8 and LSG-9 are much complex biogeographical pattern of the sea.

more abundant on the slope of the Arctic than on In the southwestern part, the distribution of
its shelf, and their synperates can be interpreted  eurybathic Arctic endemics, comprising LSG-7
as a boundary of penetration of the deep-sea and LSG-8, is complementary to that of steno-
biota onto the Barents Sea shelf. An analysis of  bathic shelf endemics (LSG-5). Eurybathic en-
species distribution at a large scale shows that  demics of the Arctic, and more widely distribut-
the problem of biogeographical regionalization ed species from LSG-7, LSG-8 and LSG-9,
of the Barents Sea cannot be reduced toasimple  have species range borders coinciding in south-
task of drawing a boundary between boreal and ~ west part of the sea, and only northward of
Arctic areas, northern and eastern for boreal Central Rise does the difference in their species
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range borders becomes significant. Seemingly,
synperates LSG-7, LSG-8 and LSG-9 outline
the area of the penetration of eurybathic species
into the Barents Sea. And the real pattern of
species distribution greatly differs from the sim-
ple scheme dividing the Barents Sea into Arctic
and boreal sublittoral regions (Fig. 1).

Inreality schemes, like shown on Fig. 1 take
places seldom. Usually some species cross the
boundary. Belonging of these regions can be
determined on the base of calculating number of
species crossing and not crossing the boundary.
If one geographic element prevails in number of
species such region should be combine with
regions inhabiting by the same geographic ele-
ment only. If both (or more) geographic ele-
ments occurs in similar number of species such
regions can be considered as transitional (Fig.
19A). Usually prevalence in number of species
coincide with prevalence in biomasses. If re-
gional fauna includes many species of one geo-
graphic element and few of other one the region
to be treat as a part of the former region.

For example fauna of upper sublitoral of the
Murman coast includes numerous boreal spe-
cies and should be included in the Scandinavian
shallow-water Province, despite very few arctic
species, such as Ampharete vega inhabits it. On
the other hand faunas of Low Arctic (or “Subar-
tic” depending on taste) east and west regions
includes a number of boreal species alongside
with almostall Arctic species. So I prefer to take
these regions as low Arctic, while no more
northern regions can be called “high Arctic”
(Fig. 19A).

Arctic-Boreal boundary is accepted here as
the line of the greatest change in faunal compo-
sition between species with northern (Arctic)
and more southern (Boreal) ranges (Fig. 17,
bold line). The situation is sketchy reflected in
Fig. 19B.

Two low arctic (transitional) provinces are
of different nature. Biota of the Low Arctic west
includes many eurybath species, arctic endem-
ics, atlantic, and inhabiting Atlantic and Pacific
as well. Biota of Low Arctic east on the other
hand includes many boreal shelf species. In
terms of vertical zonation the former seems

more bathyal while the last more sublittoral.

Although the suggested schemereflects only
polychaete distribution, chorological analysis
of other taxa is expected to show the same
biogeographical pattern.

The real biogeographical pattern of the Sea
is probably even more complex, especially re-
garding the Near-Atlantic shelf and Low Arctic
Provinces. Based on our analysis, there occurs
a complex mosaic of areas with Atlantic shelf
biota and those with biota comprised of eury-
bathic species, both widely distributed and bo-
real and those endemic to the Arctic.

The true biogeography of the Barents Sea
can only be mapped after an even more detailed
analysis. Many more samples are needed to
refine the biogeographic boundaries beyond the
accuracy of 15-30 miles that was possible while
data have been collected.
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