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ABSTRACT: There are three main approaches to biogeographical regionalization: the
species (or faunistic, floristic, biotic), community (biocenotic) and landscape (bionomic)
approaches. They differ over seven criteria. Areographic analysis is used in the biotic
approach. The biocenotic approach is often based on the cluster analysis. The biotic
approach adopts the assumption of continuity in a species range, whereas in the biocenotic
approach a species range is considered as interrupted. Environmental data are not used in
these two approaches. The use of environmental data at the initial stage of regionalization
is the main distinguishing character of landscape biogeography. More than 70 schemes of
biogeographical regionalization of the Arctic seas or the whole Arctic Ocean have been
compared. Most biogeographic schemes were constructed based on methods using elements of biotic, biocenotic and landscape approaches. The number of biogeographic
regions recognized on the Arctic shelf increases from schemes based purely on the biotic
approach to those based on mixed elements of the biotic and biocenotic approaches, and
increases further in schemes based on the biocenotic, landscape and mixed biocenoticlandscape approaches. The pure biotic approach revealed only three biogeographic regions
on the Arctic shelf plus one region in the deep-sea. The biocenotic-landscape approach gave
more than 50 biogeographic regions (the sum of suggested subdivisions) in the Arctic
Ocean. A group of small biocenotic-landscape regions falls into one large biotic province.
The biotic boundaries (zones of crowding of species ranges) in the Arctic Ocean overlap by
up to several hundred km, whereas the biocenotic and landscape boundaries are linear.
Some biocenotic-landscape provinces completely fall into zones of crowding of species
ranges. A biotic complex is defined as a totality of living organisms or a totality of
communities occurring in a region outlined by a crowding zone. A biotic complex together
with a biogeographic (biotic) region is considered as a large ecosystem or biogeocomplex.
The results of the biogeographic regionalization of the Arctic Ocean support the hypothesis
that a biotic complex is a large universal structural-functional unit of the living realm. In
theory any biotic boundary can be revealed by different approaches to biogeographical
regionalization at the large scale - biotic, biocenotic or landscape. On the other hand most
biogeographic boundaries, revealed by biocenotic and landscape approaches, are not biotic
boundaries. It is suggested that initially broad biotic boundaries evolved into narrow ones.
The gradual convergence of species range limits as a result of common species adaptations
was termed the crowding effect of adaptations. Based on this approach, the great width
of crowding zones in the Arctic Ocean reflects a young age of the Arctic biotic complexes.
The latter in turn is explained by young geological age of the present-day Arctic environments.
KEY WORDS: Arctic, fauna, flora, biotic complex, biogeographic regionalization, crowding zone, ecosystem.
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ÐÅÇÞÌÅ: Ðàçíîîáðàçèå ïîäõîäîâ ê áèîãåîðàôè÷åñêîìó ðàéîíèðîâàíèþ ñâåäåíî ê
òðåì îñíîâíûì òèïàì: âèäîâîé (èëè ôàóíèñòè÷åñêèé, ôëîðèñòè÷åñêèé, áèîòè÷åñêèé), áèîöåíîòè÷åñêèé (ðàñïðåäåëåíèå ñîîáùåñòâ) è ëàíäøàôòíûé (áèîíîìè÷åñêèé). Îíè ðàçëè÷àþòñÿ ñ ïîìîùüþ ñåìè êðèòåðèåâ. Áèîòè÷åñêèé ïîäõîä èñïîëüçóåò
àðåîãðàôè÷åñêèé àíàëèç; áèîöåíîòè÷åñêèé ïîäõîä ÷àñòî îñíîâàí íà êëàñòåðíîì
àíàëèçå. Ïðè áèîòè÷åñêîì ïîäõîäå ïðèíèìàåòñÿ äîïóùåíèå î íåïðåðûâíîñòè
âèäîâîãî àðåàëà, â òî âðåìÿ êàê ïðè áèîöåíîòè÷åñêîì ïîäõîäå âèäîâîé àðåàë
ñ÷èòàåòñÿ ïðåðûâèñòûì. Äàííûå îá îêðóæàþùåé ñðåäå èñêëþ÷àþòñÿ èç ðàññìîòðåíèÿ ïðè ïîñëåäíèõ äâóõ ïîäõîäàõ. Èñïîëüçîâàíèå äàííûõ î íåæèâîì îêðóæåíèè íà
íà÷àëüíûõ ñòàäèÿõ ðàéîíèðîâàíèÿ ðàññìàòðèâàåòñÿ êàê ãëàâíûé äèàãíîñòè÷åñêèé
ïðèçíàê ëàíäøàôòíîé áèîãåîãðàôèè. Ïðîâåäåíî ñðàâíåíèå áîëåå ÷åì 70 ñõåì
áèîãåîãðàôè÷åñêîãî ðàéîíèðîâàíèÿ àðêòè÷åñêèõ ìîðåé èëè Ñåâåðíîãî Ëåäîâèòîãî
îêåàíà â öåëîì. Áîëüøèíñòâî áèîãåîãðàôè÷åñêèõ ñõåì ïîñòðîåíî ñ ïîìîùüþ ìåòîäîâ, èñïîëüçóþùèõ ýëåìåíòû áèîòè÷åñêîãî, áèîöåíîòè÷åñêîãî è ëàíäøàôòíîãî
ïîäõîäîâ. ×èñëî áèîãåîãðàôè÷åñêèõ ðåãèîíîâ, âûäåëåííûõ íà àðêòè÷åñêîì øåëüôå, âîçðàñòàåò îò ñõåì, îñíîâàííûõ íà ÷èñòî áèîòè÷åñêîì ïîäõîäå, ê ñõåìàì,
îñíîâàííûì íà ñìåøåíèè ýëåìåíòîâ áèîòè÷åñêîãî è áèîöåíîòè÷åñêîãî ïîäõîäîâ, è
âîçðàñòàåò äàëåå â ñõåìàõ, îñíîâàííûõ íà áèîöåíîòè÷åñêîì, ëàíäøàôòíîì è ñìåøàííîì ëàíäøàôòíî-áèîöåíîòè÷åñêîì ïîäõîäàõ. ×èñòî áèîòè÷åñêèé ïîäõîä ïîçâîëÿåò âûÿâëÿòü òîëüêî òðè áèîãåîãðàôè÷åñêèõ ðåãèîíà íà àðêòè÷åñêîì øåëüôå ïëþñ
îäèí ðåãèîí â îêåàíè÷åñêèõ ãëóáèíàõ. Ëàíäøàôòíî-áèîöåíîòè÷åñêèå ïîäõîäû äàþò
áîëåå 50 áèîãåîãðàôè÷åñêèõ ðåãèîíîâ (åñëè ñëîæèòü ìàêñèìàëüíûå ÷èñëà ðåãèîíîâ,
ïðåäëîæåííûå äëÿ îòäåëüíûõ àðêòè÷åñêèõ ìîðåé). Ãðóïïà ëàíäøàôòíî-áèîöåíîòè÷åñêèõ ðåãèîíîâ ïîìåùàåòñÿ â ïðåäåëàõ îäíîãî áèîòè÷åñêîãî ðåãèîíà. Áèîòè÷åñêèå
ãðàíèöû (çîíû ñãóùåíèÿ ãðàíèö âèäîâûõ àðåàëîâ) èìåþò øèðèíó äî íåñêîëüêèõ
ñîòåí êèëîìåòðîâ, â òî âðåìÿ êàê áèîöåíîòè÷åñêèå è ëàíäøàôòíûå ãðàíèöû ëèíåéíûå. Íåêîòîðûå ëàíäøàôòíî-áèîöåíîòè÷åñêèå ïðîâèíöèè ïîëíîñòüþ ïîìåùàþòñÿ
â çîíû ñãóùåíèÿ ãðàíèö âèäîâûõ àðåàëîâ. Áèîòè÷åñêèé êîìïëåêñ îïðåäåëÿåòñÿ êàê
ìíîæåñòâî æèâûõ îðãàíèçìîâ èëè ìíîæåñòâî ñîîáùåñòâ, îáèòàþùèõ â ðåãèîíå,
î÷åð÷åííîé çîíîé ñãóùåíèÿ. Áèîòè÷åñêèé êîìïëåêñ ñîâìåñòíî ñ áèîãåîãðàôè÷åñêèì (áèîòè÷åñêèì) ðåãèîíîì ñîñòàâëÿþò êðóïíóþ ýêîñèñòåìó èëè áèîãåîêîìïëåêñ.
Ðåçóëüòàòû áèîãåîãðàôè÷åñêîãî ðàéîíèðîâàíèÿ Ñåâåðíîãî Ëåäîâèòîãî îêåàíà ïîääåðæèâàþò ãèïîòåçó î áèîòè÷åñêîì êîìïëåêñå êàê î êðóïíîé óíèâåðñàëüíîé ñòðóêòóðíî-ôóíêöèîíàëüíîé åäèíèöå æèâîãî ïîêðîâà Çåìëè. Òåîðåòè÷åñêè ëþáàÿ áèîòè÷åñêàÿ ãðàíèöà ìîæåò áûòü âûÿâëåíà ñ ïîìîùüþ ðàçíûõ ïîäõîäîâ ê áèîãåîãðàôè÷åñêîìó ðàéîíèðîâàíèþ: áèîòè÷åñêîãî, áèîöåíîòè÷åñêîãî è ëàíäøàôòíîãî. Ñ äðóãîé ñòîðîíû, áîëüøèíñòâî áèîãåîãðàôè÷åñêèõ ãðàíèö, âûäåëÿåìûõ ñ ïîìîùüþ
áèîöåíîòè÷åñêîãî è ëàíäøàôòíîãî ïîäõîäîâ, íå ÿâëÿþòñÿ áèîòè÷åñêèìè ãðàíèöàìè. Ïðåäïîëàãàåòñÿ, ÷òî èçíà÷àëüíî øèðîêàÿ áèîòè÷åñêàÿ ãðàíèöà ýâîëþöèîíèðóåò
â áîëåå óçêóþ ãðàíèöó. Ïîñòåïåííîå ñáëèæåíèå ãðàíèö âèäîâûõ àðåàëîâ ïî ïðè÷èíå
ðàçâèòèÿ ó âèäîâ êîàäàïòàöèé îáîçíà÷àåòñÿ êàê ãðóïïèðóþùèé ýôôåêò àäàïòàöèé.
Íà îñíîâå ýòèõ ïðåäñòàâëåíèé áîëüøàÿ øèðèíà çîí ñãóùåíèÿ ðàññìàòðèâàåòñÿ êàê
ñâèäåòåëüñòâî ìîëîäîñòè àðêòè÷åñêèõ áèîòè÷åñêèõ êîìïëåêñîâ. Ýòà ìîëîäîñòü
ñâÿçàíà â ñâîþ î÷åðåäü ñ ìîëîäûì ãåîëîãè÷åñêèì âîçðàñòîì ñîâðåìåííûõ óñëîâèé
îáèòàíèÿ â Ñåâåðíîì Ëåäîâèòîì îêåàíå.
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1. Introduction
Various aspects of biogeographic regionalization of the Arctic Ocean were considered in
publications starting from the mid-19th century
(Dana, 1853; Schmarda, 1853; Forbes, 1856;
Lütken, 1857; Woodward, 1866). Since then,
numerous biogeographical schemes related to
the Arctic seas have been published. Several
reviews of Arctic biogeography were made including Derjugin (1915), Briggs (1974), Semenov (1986), Krayushkina (2000) and Dinter
(2001).
The suggested regionalization schemes differ from each other in the geographical position
of borders and in the number and size of biogeographic subdivisions. Depending on the authors opinion, the number of biogeographic
subdivisions changes from one region or subregion occupying nearly the entire Arctic shelf
(usually excluding the shelf of the Norwegian
Sea and the western Barents Sea) (Schmidt,
1904; Hedgpeth, 1957; Briggs, 1974, 1995;
Vasilenko, 1974; Kussakin, 1979; Andriyashev,
Shaposhnikov, 1985; Gontar, Denisenko, 1989)
to several units within a single sea of the Arctic
(Lubinsky, 1980; Naumov, Fedyakov, 1987;
Gukov, 1999; Anisimova, 2000b; Krayushkina,
2000; Naumov, 2006; Zenzerov et al., 2006;
Lyubina, Sayapin, 2008; Petrov, 2009).
Such a big difference in results can be explained primarily by the difference in methods
and approaches applied to the biogeographic
regionalization. There are three main approaches to biogeographical regionalization: the species (or faunistic, floristic, biotic), community
(biocenotic) and landscape (bionomic) approaches. Most works on biogeographic regionalization of the Arctic Ocean contain mixed
elements of these different approaches. Even
when application of certain criteria is declared,
they are often substituted by criteria of another
nature.
In recent decades, the mixed approach to
biogeographic regionalization has become more
frequent. This tendency in part results from
growing activities in ecosystem management
and its application to large marine ecosystems

and ecoregions from a scientific, legal, and
political perspective. Also there is the assumption that a number of criteria used for regionalization positively correlates with the reliability
of results.
Mironov (1999, 2004, 2012) suggested that
a group of small biogeographical regions, revealed by biocenotic (=community) or/and landscape approaches could fall into one large biotic
(=species) province. If this is true, then a universal structural-functional unit of a living realm
should be independently revealed by different
approaches. Such a universal unit has been
called a biotic complex  the totality of organisms inhabiting an area outlined by zones of
crowding of species range limits. To confirm
the existence of such a unit, it is necessary to
correctly differentiate the biotic, biocenotic and
landscape approaches, and based on these approaches, to reveal biotic, biocenotic and landscape provinces, and to estimate the degree of
their spatial coincidence.
In the present study we: (1) define the basic
concepts of biotic biogeography and differentiate the biotic approach from the biocenotic and
landscape approaches; (2) estimate the number
of biogeographic provinces revealed by different approaches and the overlap of boundaries
identified by the different schemes; (3) give the
ecosystem interpretation of biotic complexes in
the Arctic Ocean.

2. Study area
The International Hydrographic Organization defined the limits of the Arctic Ocean as the
northern borders of the Arctic marginal seas
(Limits of Oceans and Seas, 1953). However,
the Arctic Ocean is often treated as having
broader geographical boundaries. According to
Jakobsson et al. (2008), it consists of the deepsea basins (excluding the Norwegian and Greenland basins), the Barents, White, Kara, Laptev,
East Siberian, Chukchi, Beaufort and Lincoln
Seas, and the narrow shelf off northern Greenland and the Canadian Arctic Archipelago (excluding the archipelago itself). Pidwirny (2006)
additionally includes in the Arctic Ocean the
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Greenland Sea, Baffin and Hudson Bays, the
Hudson Strait and the straits of the Canadian
Arctic Archipelago. The Norwegian Sea was
assigned to the Atlantic. One of the broadest
concepts of the Arctic Ocean was given in the
Atlas of the Arctic (Leontjev, 1985; Treshnikov, 1985), with the Arctic border going along
the eastern entrance to the Hudson Bay, the
northern boundary of the Davies Strait (at 70ºN)
and along the southern boundaries of the Greenland and Norwegian seas. In the Pacific sector,
the border goes along the latitude of the Cape
Unikyn (Chukchi Peninsula) up to its intersection with the Seward Peninsula coast (Fig. 1).
The Norwegian, Iceland and Chukchi Seas were
included in the Arctic Ocean as the southernmost regions.
This broad concept of the Arctic Ocean is
convenient for biogeographic issues since in the
broad concept borders are drawn according to
geomorphological features. Therefore I will use
a definition of the Arctic Ocean based the Atlas
of the Arctic (Leontjev, 1985; Treshnikov,
1985). The Greenland-Scotland Ridge separates the deep Arctic from the Atlantic. The
ridge has a mean depth of 300400 m with the
deepest sills in the Faroe Bank Channel (~850
m) and in the Denmark Strait (~620 m). The
broad shelves of the Chukchi and Bering Seas
separate the Arctic basin from the Pacific. These
areas act as effective biogeographic barriers for
benthic deep-sea fauna.
It is important to distinguish two meanings
of the definition arctic: (1) species found in
the Arctic Ocean and (2) species found in the
arctic latitudinal biotic (faunistic) zone. In the
first case Arctic is written with a capital letter,
in the second case  with a lower-case letter.
The fauna of the Arctic Ocean consists of Arctic, Arctic-Atlantic, Arctic-Pacific and ArcticAtlantic-Pacific species. The fauna of the arctic
latitudinal zone consists mainly of arctic, arcticboreal and arctic-boreal-subtropical species. On
the European shelf, the boundary between the
Arctic and Atlantic species goes along the Iceland-Faeroe Ridge, whereas the boundary between arctic and boreal species lies in the western Barents Sea (see section 9).

3. Delimitation of the biotic, biocenotic and landscape approaches to
biogeographic regionalization
Following Starobogatov (1982), biogeography is defined here as a science on the distribution of any life manifestations. Biogeography is
the study of the distribution of biological objects of any nature over the face of the earth. In
accordance with approaches to regionalization,
biogeography, in a wide sense, is subdivided
into the biotic (species based approach), biocenotic (community approach) and landscape
(landscape approach) biogeographies.
The biotic (species) approach to regionalization is based on the analysis of disposition of
areas with respect to each other. Areographic
analysis starts with a spatial representation of a
species by an area (Fig. 2). When the borders of
species ranges, and the lacunae within them, are
plotted on a map, a complex pattern of closed
lines, forming the lacework of a species range
emerges (Beklemishev, 1969). Biotic biogeography adopts the assumption of the continuity
of a species range (Mironov, 1990, 2004). This
assumption is aimed at a large-scale chorological analysis at the level of the full ranges of
species. It excludes from consideration boundaries of species populations and allows retaining the entity of species as the minimum biological objects of investigation. From the global
chorological point of view, any species is represented by an uninterrupted area contoured by a
single line connecting the outlying points of a
species occurrence (Hesse, 1924; Beklemishev,
1969; Udvardy, 1969; Mironov, 1990, 2004).
The actual mosaic pattern of a species distribution is disregarded in the biotic biogeography.
However, when the disruption of a species range
occurs over hundreds or thousands of kilometres, areographic analysis considers only the
most significant part of a species range  a line
connecting closely situated points of a species
occurrence. The imitative part of a species range
limit, i.e. a line connecting distant points of
species records, is excluded (Fig. 2).
Analysis of numerous species ranges shows
that their limits tend to cluster in certain areas
(Drude, 1890; Kuznetsov, 1936; Walter, Alekhin, 1936; Szafer, 1952; Hagmeier, Stults,
1964; Valentine, 1966; Udvardy, 1969; Rapo-
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Fig. 1. Non-coincidence of biogeographic boundaries with boarders of the Arctic Ocean.

1  borders of the Arctic Ocean, after Leontjev (1985) and Treshnikov (1985), 2  areas of the Arctic (Shelf) Region
outside the Arctic, 3  areas of the Eastern Atlantic Boreal Region within the Arctic. Boundaries and names of
biogeographic regions are given after Briggs (1974, 1995).

Ðèñ. 1. Íåñîâïàäåíèå áèîãåîãðàôè÷åñêèõ ãðàíèö ñ ãðàíèöàìè Ñåâåðíîãî Ëåäîâèòîãî îêåàíà.

1  ãðàíèöû Ñåâåðíîãî Ëåäîâèòîãî îêåàíà; ïî Ëåîíòüåâó (1985) è Òðåøíèêîâó (1985), 2  ðàéîíû Àðêòè÷åñêîé
(Øåëüôîâîé) Îáëàñòè, ðàñïîëîæåííûå çà ïðåäåëàìè Ñåâåðíîãî Ëåäîâèòîãî îêåàíà, 3  ðàéîíû Âîñòî÷íîé
Àòëàíòè÷åñêîé Áîðåàëüíîé Îáëàñòè, ðàñïîëîæåííûå â Ñåâåðíîì Ëåäîâèòîì îêåàíå. Ãðàíèöû è íàçâàíèÿ
áèîãåîãðàôè÷åñêèõ îáëàñòåé ïî Briggs (1974, 1995).

port, 1982; Semenov, 1982; Mironov, 1990,
2004; Kafanov, 1991; Razumovsky, 1999; Spalding et al., 2007; Reaka et al., 2008; Roy et al.,
2009; Jirkov, 2010). A zone where the borders

of species ranges come close together is defined
as a biotic boundary. A biotic region is a
territory outlined by zones of crowding of species range limits. On a map, a biotic boundary
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Fig. 2. Diagram illustrating disjunctive species range.
Ðèñ. 2. Ñõåìà ðàçîðâàííîãî âèäîâîãî àðåàëà.

appears as a crowding zone of lines of species
range limits with a concentration of borders
much higher that in neighbouring regions (Udvardy, 1969, fig. 5-1). These crowding zones
are seen only when the line distribution is analysed in a wider space.
Two neighbouring areas are recognized as
two biogeographic subdivisions if their faunas
differ significantly from each other. However
this criterion is insufficient to recognize the
biotic subdivisions. Any crowding zone is a
stepwise (not gradual or mosaic) change of
species composition (Fig. 3). A crowding zone
indicates a relatively high rate of species replacement (biota turnover). Kuznetsov (1936)
introduced the term synperate to indicate the
zones of crowding of species range limits (see
also Kafanov, Kudryashov, 2000). Razumovsky
(1999) and Jirkov (2010) suggest that the limits
of species ranges of species of the same type

coincide completely. Jirkov (present issue) understands synperate as a line drawn along the
outer edge of the crowding zone. However, full
coincidence of numerous species range limits is
unlikely. Zones of crowding, in most cases, are
bands several tens of km wide.
Areographic analysis becomes much more
complicated when species ranges and biotic
regions are considered in three dimensions (3D).
In the ocean vertical section, biotic regions are
horizontal spaces, biotic layers, replacing one
another with increasing depth (Fig. 4). A boundary between shallow-water (upper) and deepwater (lower) biotic regions is revealed by the
projection of upper and lower species range
limits on a vertical plane. Fig. 4 shows a vertical
section of adjacent shallow-water and deepwater biotic complexes. The shallow-water complex consists of three parts separated by deepwater areas (Fig. 4D). However, the assumption
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Fig. 3. Schemes of gradual (A) and stepwise (B) changes of species composition in three neighbouring areas.
Vertical lines designate the species ranges. In the both cases (A and B), the biota of the area 1 differs
significantly from the biota of the area 3. In the first case (A), the areas 1 and 3 dont have the status of
biogeographic (biotic) subdivisions. In the second case (B), the areas 1 and 3 have the status of biogeographic
subdivisions (units) separated from each other by a crowding zone (the area 2).
Ðèñ. 3. Ñõåìà ïîñòåïåííîãî (A) è ñòóïåí÷àòîãî (B) èçìåíåíèé âèäîâîãî ñîñòàâà áèîòû â ïðåäåëàõ
òðåõ ñîñåäíèõ ðàéîíîâ. Âåðòèêàëüíûå ëèíèè îáîçíà÷àþò âèäîâûå àðåàëû. Â îáîèõ ñëó÷àÿõ (A è B)
áèîòà ðàéîíà 1 ñóùåñòâåííî îòëè÷àåòñÿ îò áèîòû ðàéîíà 3. Â ïåðâîì ñëó÷àå (A) ðàéîíû 1 è 3 íå
èìåþò ñòàòóñà áèîãåîãðàôè÷åñêèõ (áèîòè÷åñêèõ) ïîäðàçäåëåíèé. Âî âòîðîì ñëó÷àå (B) ðàéîíû 1 è
3 èìåþò ñòàòóñ áèîãåîãðàôè÷åñêèõ ïîäðàçäåëåíèé (åäèíèö), îòäåëåííûõ äðóã îò äðóãà çîíîé
ñãóùåíèÿ (ðàéîí 2).

of continuity of a species range means the continuity of a biotic complex. Like a species range,
each unit of biotic regionalization is an integral
space (Fig. 4B, C). Thus, a boundary of a
shallow-water biotic region is a continuous
crowding zone, it outlines space including shallow-water areas (substantial parts of a crowding

zone) and surface waters of deep-water areas
(imitative parts of a crowding zone). The continuity of benthic biotic regions has a prognostic
value: it assumes that any shallow-water area
within boundaries of a continuous shallow-water biotic region will be inhabited by representatives of one biotic complex.
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Fig. 4. Cartographic presentation of biotic provinces situated in different vertical zones.

A  bathymetric map of the area including 200 m isobathes; B  vertical section with indication of bathymetric position
of sublittoral and upper-bathyal biotic provinces; CD  correct version of cartographic presentation when only one
sublittoral province (C) or one upper-bathyal province (D) is projected on the horizontal plane; E  incorrect version
of cartographic presentation when both sublittoral and upper-bathyal biotic provinces are projected on the horizontal
plane.

Ðèñ. 4. Êàðòîãðàôè÷åñêàÿ ïðåçåíòàöèÿ áèîòè÷åñêèõ ïðîâèíöèé, ðàñïîëîæåííûõ â ðàçíûõ
âåðòèêàëüíûõ çîíàõ.

A  áàòèìåòðè÷åñêàÿ êàðòà ðàéîíà ñ óêàçàíèåì èçîáàò 200 ì; B  âåðòèêàëüíûé ðàçðåç ñ óêàçàíèåì
áàòèìåòðè÷åñêîãî ïîëîæåíèÿ ñóáëèòîðàëüíîé è âåðõíåáàòèàëüíîé áèîòè÷åñêèõ ïðîâèíöèè; CD  ïðàâèëüíûå
âàðèàíòû êàðòîãðàôè÷åñêîé ïðåçåíòàöèè, êîãäà íà îäíó ãîðèçîíòàëüíóþ ïëîñêîñòü ñïðîåöèðîâàíà òîëüêî
ñóáëèòîðàëüíàÿ ïðîâèíöèÿ (C) èëè îäíà âåðõíåå-áàòèàëüíàÿ ïðîâèíöèÿ (D); E  íåâåðíûé âàðèàíò
êàðòîãðàôè÷åñêîé ïðåçåíòàöèè, êîãäà íà îäíó ãîðèçîíòàëüíóþ ïëîñêîñòü ñïðîåöèðîâàíû îäíîâðåìåííî
ñóáëèòîðàëüíàÿ è âåðõíåáàòèàëüíàÿ áèîòè÷åñêèå ïðîâèíöèè.
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Table 1. Main differences between biotic, biocenotic and landscape approaches to biogeographic regionalization.
Òàáëèöà 1. Ãëàâíûå ðàçëè÷èÿ ìåæäó áèîòè÷åñêèì, áèîöåíîòè÷åñêèì è ëàíäøàôòíûì ïîäõîäàìè
ê áèîãåîãðàôè÷åñêîìó ðàéîíèðîâàíèþ.

Basic concepts
Spatial
manifestation of
a species
Main conceptual
categories
Relative
importance of
species for
regionalization
Physicalchemical
parameters of
environment

Main analysis
Main criterion
of
biogeographic
boundary
Small/large
scales

Application of basic concepts in different approaches
Biotic
Biocenotic
Landscape
Several areas
Single area (uninterrupted,
Several areas (interrupted
(interrupted species
continuous species range)
species range)
range)
Concepts related to
Concepts related to
totality of living
totality of living
Concepts related to
organisms and
compositions of species
organisms and
compositions of
compositions of species
species
Species importance
Species importance differs
differs in respect to
Species are equally
in respect to abundance,
abundance, biomass
important
biomass etc.
etc.
Excluded from consideration Excluded from
consideration at initial
at initial stage of
stage of regionalization
regionalization (though
Considered at initial
(though considered at the
considered at the stage of
stage of
stage of casual analysis
casual analysis and at
regionalization
and at ecosystem level as
ecosystem level as
characteristics of
characteristics of
biogeocenoses)
biogeocomplexes)
PhysicalAreographic analysis
Cluster analysis
geographical analysis
Crowding of species range
limits

Difference between local
(small) biotas

Sharp gradients of
physical-chemical
parameters

Large scales only

From small to large scale

From small to large
scale

Biotic boundaries coincide with sharp gradients of physical-chemical parameters of the
environment. Nevertheless, the biotic boundaries are revealed, irrespective of environmental characteristics. A strict division of a study
into chorological (areographic) and cause-andeffect analyses is an important peculiarity of the
biotic biogeography. The lack of an independent chorological stage in many modern biogeographical studies results in the failure of
correct causal analysis of the revealed distribution patterns. For example, it is useless estimating coincidence of biotic boundaries along sharp
gradients of physical-chemical parameters of
the environment, if the latter were used in revealing of the formers.
To distinguish the biotic approach to regionalization from the biocenotic and landscape
ones, seven characters have been selected (Table 1). Treatment of a species range as a conti-

nuity is the main difference of the biotic approach. This concept allows retaining entity of
a species as a minimum biological object of
investigation and analysis at a global scale.
Areographical analysis is used in the biotic
approach, the biocenotic approach is often based
on the cluster analysis. The biotic approach
adopts the assumption of a continuity of a species range, whereas in the biocenotic approach
a species range is considered as interrupted.
Environmental data are excluded in these two
approaches. The use of environmental data at
the initial stage of regionalization is considered
as the main distinguishing character of purely
landscape biogeography opposed to biotic and
biocenotic approaches. Table 2 shows importance of data on geological environment in
landscape studies. In the biocenotic and landscape approaches there is gradual transition from
small units to larger ones, whereas the biotic
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Table 2. Main criteria for separating landscape regions and typological complexes in the Laptev Sea (after Gukov, 1999, with small changes based on personal communications of Gukov).
Òàáëèöà 2. Îñíîâíûå êðèòåðèè âûäåëåíèÿ ëàíäøàôòíûõ ðåãèîíîâ è òèïîëîãè÷åñêèõ êîìïëåêñîâ
â ìîðå Ëàïòåâûõ (ïî Ãóêîâó (1999) ñ íåáîëüøèìè èçìåíåíèÿìè íà îñíîâàíèè óñòíûõ ñîîáùåíèé
Ãóêîâà).
Classification unit
Country
Province
Area
Landscape
Area
Facies

Main criterion for separation
Examples
Regional (unique) landscape complexes
Geostructural position (morphostructure of
Laptev Sea
higher order (Milkov, 1970)
Geological-morphological peculiarities
West Laptev Marine
defined by tectonic structures
Province
Geological-morphological peculiarities
West Laptev Coastal Area
Typological (repetitive) landscape complexes
Hydro-meteorological in combination with
Landscape of underwater
geomorphological
river valleys
Lithologic-facial-geomorphological in
Area of muddy-silt valley
combination with hydrobiological
slopes
Facies of sandy areas with
Hydobiological
Mya truncata community

approach considers only large territorial units.
Any concept related to the totality of living
organisms is useless for biogeographical regionalization based on the species approach.
Moreover such concepts are prohibited in species biogeographical regionalization (synonyms  biotic, or historical regionalization),
since they create the confusion of approaches
(Beklemishev, 1982; Chernov, 1984).
The present work is mainly based on results
of the chorological analysis of species distributions in the Arctic Ocean. Results of the causeand-effect analysis are only briefly considered
in the last three sections (911). Causal analysis
in biotic biogeography is not unique, its aims
and methods overlap with those applied in macroecology. To make a transition to the causeand-effect analysis it was critical to use a category related to totality of living organisms.
Mironov (1987, 1990, 2004, 2012) used for this
reason the term biotic complex. According to
Mironov, the biotic complex is the totality of
living organisms, the biota, inhabiting an area
outlined by zones of crowding of species range
limits. A biotic complex, together with a biogeographic (biotic) region, is considered as a large
ecosystem or biogeocomplex. In the ecosystem
approach, the biotic complex is viewed as a
multitude of communities (=biocenoses) integrated into a biological system. In earlier publications (for review see Semenov, 1986; Mironov,
2004) the terms floristic complex or faunistic
complex were defined as a set of species.

The biotic complex is the totality of living
organisms, from Bacteria and Archaea to Animalia. The distributions patterns of Bacteria,
Archaea and Protista may not correspond to
biotic boundaries revealed based on larger organisms. The notion of the biotic complex has
been modified to bridge chorological (biotic
regionalization, biotic regions) and ecological
data, to make a transition to studies of large
ecosystems (biogeocomplexes). These large
ecosystems include the totality of all living
organisms.
A boundary between two adjacent shallowwater biotic regions in horizontal projection can
coincide with that between shallow-water and
deep-water biotic regions, as shown on Fig. 5. A
territory occupied by one benthic biotic complex cannot harbour a second benthic biotic
complex. Species from different benthic complexes coexist only in crowding zones. At the
same time, the space of a benthic biotic complex
overlaps with the space of a pelagic complex.
The former thus is inhabited by pelagic animals,
although these are not members of a benthic
biotic complex.
Tansley (1935) first applied the term ecosystem and suggested its two main features: the
integration of living organisms and the environment, and ability of a vegetation unit (part of the
ecosystem) to self-reproduction in the course of
succession. The concept of biogeocenosis of
Sukachev (1964) had a similar meaning. Odum
(1975) considered ecosystem and biogeoceno-
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Table 3. Bathymetric position of boundaries between vertical biotic or biocenotic/landscape zones in the
Arctic Ocean. Intertidal (littoral) zone is omitted.
Òàáëèöà 3. Áàòèìåòðè÷åñêîå ïîëîæåíèå ãðàíèö ìåæäó âåðòèêàëüíûìè áèîòè÷åñêèìè èëè
ëàíäøàôòíî-áèîöåíîòè÷åñêèìè çîíàìè â Ñåâåðíîì Ëåäîâèòîì îêåàíå: îáçîð ïóáëèêàöèé.
Ëèòîðàëüíàÿ çîíà óïóùåíà èç ðàññìîòðåíèÿ.
Geographical regions
Bathymetric position of boundaries, m
References
Benthic fauna
Kola Peninsula and White
8090, 180200
Herzenstein, 1885
Sea
Norwegian Sea
3040, 150, 600800, 2000
Appellöf, 1912
Kola Bay
5565, 180230
Deryugin, 1915
Laptev Sea
9001100
Gorbunov, 1946
North of Svalbard and
11001800 (wide transition zone)
Koltun, 1964
Frantz Josef Land
Western Barents Sea
100, 200500
Filatova, 1957
Arctic Ocean
12, 360425, 570610, 8691000
Menzies et al., 1973
Western Beaufort Sea
300
Bilyard, Carey, 1980
White Sea
10, 80, 240
Fedyakov, 1980
Southwest Norway
10001200, 1400, 2000, 26003000
Mackensen et al., 1985
Eastern Norwegian Sea
9001300
Jirkov, Mironov, 1985
Norwegian and Greenland
2500
Fedyakov, Naumov, 1989
basins
Central Arctic basins
200500
Fedyakov, Naumov, 1989
Deep Norwegian and
8001000 (cumulative number of first
Svavarsson et al., 1990
Greenland Seas
occurrences of species)
Deep Norwegian and
8001000, 1500, 2000 (clusters of
Svavarsson et al., 1990
Greenland Seas
stations)
Arctic Ocean
200, 800, 1200
Golikov et al., 1990
The Norwegian fiords,
3040 (the border between the Atlantic
White Sea and eastern
Golikov et al., 1990
Boreal and the Arctic Regions)
parts of the Barents Sea
Norwegian Sea
150200, 600800, 10001200
Krayushkina, 2000
Near Atlantic sector of the
1000
Dinter, 2001
Arctic Ocean
Wlodarska-Kowalczuk et
Spitsbergen
370500, 15002000
al., 2004
Arctic Ocean (excluding
500
Jirkov, 2010
Norwegian Sea)
Zooplankton
Central Arctic
510619, 11421532, 20002250
Green, 1959
NE Baffin Sea
50 (?150, 250)
Buhanan, Sekerak, 1982
Kosobokova, Hirche,
Arctic Basins
50, 100, 500, 2000
2000; Kosobokova,
Hopcroft, 2010

sis as synonyms. According to UNESCO recommendations of 1965 (Copenhagen Symposium), biogeocenosis is a particular case of an
ecosystem. The definition of ecosystem proposed by Evans (1956) appeared to be wider. He
considered ecosystem absolutely non dimensional, designating any supraorganismal living
system interacting with the environment. This
concept focuses on processes and functions of a
system and its ability to function, which is not

related to limits of the system itself. Such an
approach agrees with the general theory of systems. However, the abandonment of the initial
and rather operational concept of ecosystem,
suggested by Tansley (1935), undoubtedly hampered studies of spatially separated structuralfunctional units of the biosphere.
In the present study the term ecosystem is
used in the meaning of Tansley (1935). The
existence of biogeocomplexes was suggested
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Fig. 5. Coincidence of two different biotic boundaries projected on one horizontal plane.

A  vertical section of the area with the vertical position of three biotic provinces; B  correct version of cartographic
presentation when only sublittoral provinces are projected on the horizontal plane; C  incorrect version of cartographic
presentation when both sublittoral and upper-bathyal biotic provinces are projected on the horizontal plane. The
boundary between near-continental and open-oceanic sublittoral provinces completely coincides on the projection with
the boundary between near-continental sublittoral and bathyal provinces.
1  near-continental sublittoral province, 2  open-oceanic sublittoral province, 3  bathyal province, 4  boundary
between near-continental and open-oceanic sublittoral provinces, 5  boundary between near-continental and bathyal
provinces.

Ðèñ. 5. Ñîâïàäåíèå äâóõ ðàçíûõ áèîòè÷åñêèõ ãðàíèö, ñïðîåöèðîâàííûõ íà îäíó ãîðèçîíòàëüíóþ
ïëîñêîñòü.

A  âåðòèêàëüíûé ðàçðåç ðàéîíà ñ óêàçàíèåì ðàñïîëîæåíèÿ ïî âåðòèêàëè òðåõ áèîòè÷åñêèõ ïðîâèíöèé; B 
ïðàâèëüíûé âàðèàíò êàðòîãðàôè÷åñêîé ïðåçåíòàöèè, êîãäà íà îäíó ãîðèçîíòàëüíóþ ïëîñêîñòü ñïðîåöèðîâàíû
òîëüêî ñóáëèòîðàëüíûå ïðîâèíöèè; C  íåâåðíûé âàðèàíò êàðòîãðàôè÷åñêîé ïðåçåíòàöèè, êîãäà íà îäíó
ãîðèçîíòàëüíóþ ïëîñêîñòü ñïðîåöèðîâàíû îäíîâðåìåííî ñóáëèòîðàëüíûå è âåðõíåáàòèàëüíàÿ áèîòè÷åñêèå
ïðîâèíöèè. Ãðàíèöà ìåæäó ïðèêîíòèíåíòàëüíîé è îòêðûòî-îêåàíè÷åñêîé ñóáëèòîðàëüíûìè ïðîâèíöèÿìè
ïîëíîñòüþ ñîâïàäàåò íà ïðîåêöèè ñ ãðàíèöåé ìåæäó ïðèêîíòèíåíòàëüíîé ñóáëèòîðàëüíîé è áàòèàëüíîé
ïðîâèíöèÿìè.
1  ïðèêîíòèíåíòàëüíàÿ ñóáëèòîðàëüíàÿ ïðîâèíöèÿ, 2  îòêðûòî-îêåàíè÷åñêàÿ ñóáëèòîðàëüíàÿ ïðîâèíöèÿ,
3  áàòèàëüíàÿ ïðîâèíöèÿ, 4  ãðàíèöà ìåæäó ïðèêîíòèíåíòàëüíîé è îòêðûòî-îêåàíè÷åñêîé ñóáëèòîðàëüíûìè
ïðîâèíöèÿìè, 5  ãðàíèöà ìåæäó ïðèêîíòèíåíòàëüíîé è áàòèàëüíîé ïðîâèíöèÿìè.
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Fig. 6. Diagram of the distribution of the main groups of benthic communities in the Russian Arctic seas
(modified after Sirenko, 1998).

Dominating groups: 1  isopod Saduria entomon, ascidian Rhizomolgula globularis, bivalves Portlandia aestuariorum
and Cyrtodaria kurriana (estuarine belt); 2  bivalves Astarte borealis, A. montagui, Macoma calcarea, Nuculana
pernula, N. radiata, Ennucula tenuis, Portlandia arctica, P. siliqua, Astarte crenata, Yoldia hyperborean and
Ciliatocardium ciliatum; 3  ophiuroids Ophiocten sericeum, Ophiacantha bidentata, Ophiopleura borealis and
others; 4  polychaetes of the families Maldanidae, Chaetopteridae and others; 5  echinoderms Elpidia glacialis,
Kolga hyalina and Pourtalesia jeffreysi.

Ðèñ. 6. Ñõåìà ðàñïðåäåëåíèÿ îñíîâíûõ ãðóïï äîííûõ ñîîáùåñòâ â ðîññèéñêèõ ìîðÿõ Ñåâåðíîãî
Ëåäîâèòîãî îêåàíà. (Ìîäèôèöèðîâàíî ïî Ñèðåíêî, 1998).

Äîìèíèðóþùèå ãðóïïû äîííûõ æèâîòíûõ: 1  èçîïîäà Saduria entomon, àñöèäèÿ Rhizomolgula globularis,
äâóñòâîð÷àòûå ìîëëþñêè Portlandia aestuariorum, Cyrtodaria kurriana (ýñòóàðíûé ïîÿñ); 2  äâóñòâîð÷àòûå
ìîëëþñêè Astarte borealis, A. montagui, Macoma calcarea, Nuculana pernula, N. radiata, Ennucula tenuis,
Portlandia arctica, P. siliqua, Astarte crenata, Yoldia hyperborean, Ciliatocardium ciliatum; 3  îôèóðû Ophiocten
sericeum, Ophiacantha bidentata, Ophiopleura borealis è äðóãèå; 4  ïîëèõåòû ñåìåéñòâ Maldanidae, Chaetopteridae
è äðóãèå; 5  èãëîêîæèå Elpidia glacialis, Kolga hyalina, Pourtalesia jeffreysi.

based on coincidence of biotic boundaries with
boundaries of other kinds: geomorphological,
hydrological, productional etc. (Mironov, 1990,
1999) and on organization of communities of
biotic complexes into succession systems
(Mironov, 2004). Succession system is a group
of communities with similar gradual, predictable changes taking place in structure of the
communities of given area over time. Communities of the succession system differ from each
other since they are at different stages of ecological succession. The coincidence of biogeographic boundaries with boundaries of succession (cenotic) systems was suggested by Razumovsky (1999). However, the organization
of communities of biogeographic regions into
succession systems is still not sufficiently supported by complex investigations that should
include detailed successional and biogeographic studies of the same area.

4. Vertical biogeographical zones
The various depths of biogeographic boundaries in the Arctic Ocean are summarized in
Table 3. Most of these boundaries were identified using community, landscape or mixed approaches. Community and landscape criteria
were used both explicitly and implicitly. Golikov and Scarlato (1989: 268) for example, explicitly applied the landscape criteria, having
suggested that the Atlantic-Arctic Intermediate
waters extend between 200400 and 6501000
m, with a temperature of 1.32.3ºC and salinity
35 forming a separate province. Kosobokova
with co-authors (Kosobokova, Hirche, 2000;
Kosobokova, Hopcroft, 2010) followed the biocenotic approach. These authors recognized four
vertical zones in the Central Arctic (Table 3),
differing in the abundance of particular species in
planktonic communities. Changes in species com-
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Fig. 7. Vertical distribution of polychaetes off Norway (after Jirkov, Mironov, 1985).

A  number of species; B  number of upper limits of species ranges; C  number of lower limits of species ranges.

Ðèñ. 7. Ðàñïðåäåëåíèå ïî âåðòèêàëè ïîëèõåò â ðàéîíå Íîðâåãèè (èç Æèðêîâà è Ìèðîíîâà, 1985).

A  ÷èñëî âèäîâ; B  ÷èñëî âåðõíèõ ãðàíèö âèäîâûõ àðåàëîâ; C  ÷èñëî íèæíèõ ãðàíèö âèäîâûõ àðåàëîâ.

position with depth alone do not indicate distinct
bathymetrical zones. Sirenko (1998) reduced the
number of various benthic communities in the
Arctic Ocean to a few main types differing by the
set of prevailing and most characteristic species.
Fig. 6 shows the distribution of six types of
communities in the Kara, Laptev, East Siberian
and Chukchi Seas. The map illustrates vertical
zonality in areas occupied by these communities. Zones follow the coast and slope of Eurasia
and change with increasing depth.
Vertical zones are often revealed by cluster
analysis. For example, faunas (species lists) of
sampling localities or bathymetric intervals are
compared and faunal homogeneity or distinctiveness is expressed as indices of faunal similarity (Menzies et al., 1973; Svavarsson et al.,
1990; Brandt, 1997; Wlodarska-Kowalczuk et
al., 2004; Jones et al., 2007). This method does
not follow the main assumption of biotic biogeography, the continuity of a species range. It
reveals boundaries that can be both biocenotic
and biotic.
Vertical faunistic species boundaries were
detected reliably only in the Norwegian Sea

(Jirkov, Mironov, 1985; Svavarsson et al., 1990;
Krayushkina, 2000). Jirkov and Mironov (1985)
examined vertical faunistic transects of the polychaete fauna in the eastern Norwegian Sea. The
study area was divided into equal bathymetric
intervals. For each interval the number of species range limits was estimated and plotted
against depth (Fig. 7). This number peaked at
depths of 9001200 m. An increase in species
richness occurred at the same depth. A similar
method was applied by Krayushkina (2000) for
the fauna of sea stars and holothurians of the
entire Norwegian Sea. Three weakly expressed
crowding zones were found: at 150200, 600
800 and 10001200 m. Svavarsson et al. (1990)
used both the faunistic (implying the species
range continuity) and biocenotic approaches in
the study of distribution of isopods. The faunistic component was present in the method of
accumulation curves, when species boundaries (upper limits of species vertical distribution) were summed with increasing depth. The
cumulative number of the first occurrences of
isopod species clearly increased at depths 800
1000 m. A high rate of species replacement at
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Fig. 8. Biogeographic division of the Arctic Ocean and adjacent areas based on the distribution of gastropods
Buccinidae (after Golikov, 1980).
1  boundary between the Arctic Region and the Pacific Boreal and Atlantic Boreal Regions, 2  Aleutian High Boreal
Subregion, 3  Norwegian High Boreal Province, 4  Celtic Low Boreal Province, 5  West Arctic Province, 6 
East Arctic (Chukchi-American) Province.

Ðèñ. 8. Áèîãåîãðàôè÷åñêîå ðàéîíèðîâàíèå Ñåâåðíîãî Ëåäîâèòîãî îêåàíà è ñìåæíûõ ðàéîíîâ íà
îñíîâå ðàñïðîñòðàíåíèÿ áðþõîíîãèõ ìîëëþñêîâ ñåìåéñòâà Buccinidae (ìîäèôèöèðîâàíî ïî Ãîëèêîâó,
1980).

1  ãðàíèöà ìåæäó Àðêòè÷åñêîé Îáëàñòüþ è Òèõîîêåàíñêîé Áîðåàëüíîé è Àòëàíòè÷åñêîé Áîðåàëüíîé
Îáëàñòÿìè, 2  Àëåóòñêàÿ Âûñîêîáîðåàëüíàÿ Ïîäîáëàñòü, 3  Íîðâåæñêàÿ Âûñîêîáîðåàëüíàÿ Ïðîâèíöèÿ,
4  Êåëüòñêàÿ Íèçêîáîðåàëüíàÿ Ïðîâèíöèÿ, 5  Çàïàäíîàðêòè÷åñêàÿ Ïðîâèíöèÿ, 6  Âîñòî÷íîàðêòè÷åñêàÿ
(×óêîòñêî-Àìåðèêàíñêàÿ) Ïðîâèíöèÿ.

depths 8001000 m was supported by the chisquare test modified by Gardiner and Haedrich
(1978). Cluster analysis revealed additional
boundaries at 1500 and 2000 m, however this
approach is not biotic.

5. Species (biotic) regionalization
5.1. Shelves
Biogeographical schemes with only two or
three subdivisions of the entire Arctic shelf are
usually based on the biotic approach. In schemes
with two subdivisions, the single boundary passes
through the Norwegian Sea or through both the
Norwegian and Barents Seas (Heptner, 1936;
Ekman, 1953; Hedgpeth, 1957; De Lattin, 1967;
Briggs, 1974, 1995; Vassilenko, 1974; Boltovskoy, Wright, 1976; Kussakin, 1979; Andriyashev, Shaposhnikov, 1985; Gontar, Denisenko, 1989; Mecklenburg et al., 2010; Chernova,
2011). This boundary separates the large Arctic
subdivision (region, subregion or province) from
the northern section of the Arctic-North Atlan-

tic subdivision. Thus, Briggs (1974, 1995) drew
the boundary in the Norwegian Sea (north of
Kola Fjord) based on the most northern and
southern occurrences of species This boundary
separates the Arctic Region from the East Atlantic Region. The Arctic Region extends out from
the Arctic Ocean into the North-West Atlantic
and the North Pacific, whereas the East Atlantic
Region extends out from the Atlantic Ocean into
the Norwegian and Barents Seas (Fig. 1).
In schemes with two boundaries (with three
subdivisions), the second boundary passes either in the southern Chukchi Sea or in the high
Arctic. The boundary in the Chukchi Sea delimits the Arctic and the North Pacific Regions
(Hedgpeth, 1963; Grainger, 1966; Pavshtiks,
1985). The boundary in the high Arctic passes
across the Arctic Ocean from the East-Siberian
Sea to the Canadian Archipelago. It divides the
Arctic Region into two large Arctic provinces
(Golikov, 1980; Mironov, Dilman, 2010) (Fig.
8). In some schemes, with more than three
Arctic subdivisions, a similar boundary is present
(Nesis, 1982, 1987; Golikov, Scarlato, 1989;
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Golikov et al., 1990). There are several names
for the two large provinces: the Western Arctic
and Eastern Arctic (Golikov, 1980), Eurasian
and Amerasian (Golikov et al., 1990), Western
Siberian and Chukchi-Canadian (Nesis, 1982,
1987), Siberian and Chukchi-American (Gurjanova, 1951). In the present study they are
named the American-Eurasian and ChukchiAmerican Provinces.
The generalized biotic scheme of the Arctic
shelf and upper slope is shown on Figure 9. The
Shelf-Upper Slope Subregion of the North Polar Region is suggested to have a lower depth at
800 m and crowding zone at 8001200 m. The
crowding zone was only reliably detected at
8001200 m in the Norwegian Sea (see section
4). The position of the boundary between the
shallow-water and deep-sea biogeographical
regions is unknown in the other Arctic seas.
Therefore the lower boundary of the ShelfUpper Slope Subregion is conventional.
The Shelf-Upper Slope Subregion corresponds approximately to the Arctic Region or
the Arctic Subregion in many earlier biogeographical schemes (e.g. Ortmann, 1896; Schmidt,
1904; Heptner, 1936; Gurjanova, 1951; Ekman,
1953; Filatova, 1957, 1962; Zenkevitch, 1963a,
b; De Lattin, 1967; Briggs, 1974, 1995; Vassilenko, 1974; Kussakin, 1979; Golikov, 1980; Nesis, 1982; Pavshtiks, 1985; Tsvetkova, 1985;
Golikov, Scarlato, 1989; Gontar, Denisenko,
1989) (Figs. 8, 10, 11, 12). The term Arctic
has many meanings including the geographic,
zonal and ecological (cold-water species) (see
Jirkov, present volume). To avoid the notional
confusion in using this term, the large biogeographic region of the Arctic Ocean is designated
here as the North Polar. The North Polar ShelfUpper Slope Subregion is divided into the
American-Eurasian and Chukchi-American
Provinces occupying most of the Arctic shelf.
The ranks of the subdivisions are given arbitrarily, without special biogeographic ranking
analysis (see section 5.2).
Some other boundaries on the shelf require
confirmation. Brattegard and Holthe (1997) recognized two boreal subdivisions on the western
Norwegian shelf, whereas Krayushkina (2000)
and Dilman (2009) showed three boreal subdivisions in this area. The crowding zones between these subdivisions are apparently related
to the stepwise reduction in boreal species num-

ber in northward. The White Sea biota probably
is also separated by the crowding zone related to
a drastic reduction in species number. Filatova
(1962) and Jirkov, Leontovich (2012) distinguished the littoral (or shallow-water), sublittoral (or shelf) and bathyal (or low sublittoralupper bathyal) Arctic provinces. Vertical biotic
transects are required to confirm crowding zones
within the depth range from 0 to 800 m.
The generalized biotic scheme of the Arctic
shelf is based on the distribution patterns of
benthic and pelagic invertebrates and fishes.
Zinova (1985) used data on the distribution of
benthic algae. Her biogeographical scheme was
based on the mixed approach (see Section 8.1).
No purely Arctic species of planktonic dinoflagellates and diatoms were discovered. For
this reason, the unity of the arctic-boreal phytogeographical zone was suggested for the pelagic
realm (Okolodkov, Dodge, 1996; Semina, 1997;
Okolodkov, 1999). However the southern boundary of the Arcto-Boreal Region (Semina, 1997,
Fig. 23) coincides with the southern border of
the crowding zone outlining the North Polar
Region in the North-West Atlantic and Iceland
areas (Fig. 9).
The great width of the biotic boundaries
(crowding zones) is one of the most specific
characters of the generalized biotic scheme of
the Arctic shelf (Fig. 9). However the biotic
boundaries in the Arctic Ocean are not always
wide. The narrowest crowding zone is found on
the shelf (as well as on the slope) of Iceland. The
biogeographic boundary divides the Icelandic
shelf into the southwest and the northeast sectors (Figs. 8, 10, 11). The number of species
occurring on the southern shelf and the upper
slope, but unknown from the northern shelf and
slope (and vice versa,) is high. For example, six
species of caudofoveates are known in the Exclusive Economic Zone of Iceland, all of them
recorded only south of Iceland (Ivanov, Sheltema, 2001). The diversity of the amphipod family Calliopiidae is much higher in the north-east
(17 species) than in the south-west (5 species) of
Iceland, with 72% of species restricted to only
one side of the GreenlandIcelandFaeroe Ridge
(Weisshappel, 2001). Species of the amphipod
family Ampeliscidae were grouped according
to three geographical patterns: six northern species, nine southern species and four circumIcelandic species (Dauvin et al., 2012). The

Biotic complexes of the Arctic Ocean

19

Fig. 9. ShelfUpper Slope Subregion (0800 m) of the North Polar Region based on biotic approach to
biogeographic regionalization (generalized scheme).
1  the boundary between North Polar Region and Easter and Western Atlantic Regions, 2  the boundary between
North Polar Region and Easter and Western Pacific Regions, 3  the boundary between American-Eurasian Province
and Chkchi-American Province. The open-ocean part of this boundary is imitative.

Ðèñ. 9. Øåëüôîâàÿ Âåðõíåáàòèàëüíàÿ Ïîäîáëàñòü Ñåâåðíîé Ïîëÿðíîé Îáëàñòè, îñíîâàííàÿ íà
áèîòè÷åñêîì ïîäõîäå ê áèîãåîãðàôè÷åñêîìó ðàéîíèðîâàíèþ (ãåíåðàëèçîâàííàÿ ñõåìà).
1  ãðàíèöà ìåæäó Ñåâåðíîé Ïîëÿðíîé Îáëàñòüþ è Âîñòî÷íîé è Çàïàäíîé Àòëàíòè÷åñêèìè Îáëàñòÿìè, 2 
ãðàíèöà ìåæäó Ñåâåðíîé Ïîëÿðíîé Îáëàñòüþ è Âîñòî÷íîé è Çàïàäíîé Ïàöèôè÷åñêèìè Îáëàñòÿìè, 3  ãðàíèöà
ìåæäó Àìåðèêàíî-Åâðàçèéñêîé è ×óêîòñêî-Àìåðèêàíñêîé Ïðîâèíöèÿìè. Îòêðûòî-îêåàíè÷åñêàÿ ÷àñòü ýòîé
ãðàíèöû ÿâëÿåòñÿ èìèòàöèîííîé.
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Fig. 10. Biogeographic division of the Arctic Ocean (after Zenkevitch, 1963a).

I  Abyssal Arctic Subregion, II  Low Arctic Shallow Subregion, III  High Arctic Sublittoral Subregion, IIIa 
Shallow Marine Province, IIIa1  Siberian District, IIIa2  North American-Greenland District. IIIb  Shallow
Brackish-water Province. Propagation of the boreal littoral fauna northwards and eastwards is marked by dotted line.

Ðèñ. 10. Áèîãåîãðàôè÷åñêîå ðàéîíèðîâàíèå Ñåâåðíîãî Ëåäîâèòîãî îêåàíà (ïî Çåíêåâè÷ó, 1963à).

I  Àáèññàëüíàÿ Àðêòè÷åñêàÿ Ïîäîáëàñòü, II  Íèæíåàðêòè÷åñêàÿ Ìåëêîâîäíàÿ Ïîäîáëàñòü, III  Âûñîêîàðêòè÷åñêàÿ Ìåëêîâîäíàÿ Ïîäîáëàñòü, IIIa  Âûñîêîàðêòè÷åñêàÿ Ìåëêîâîäíàÿ Ìîðñêàÿ Ïðîâèíöèÿ, IIIa1 
Ñèáèðñêèé Ðàéîí, IIIa2  Ñåâåðî-Àìåðèêàíñêî-Ãðåíëàíäñêèé Ðàéîí. IIIb  Âûñîêîàðêòè÷åñêàÿ Ìåëêîâîäíàÿ
Ñîëîíîâàòîâîäíàÿ Ïðîâèíöèÿ. Òî÷å÷íîé ëèíèåé ïîêàçàíî ðàñïðîñòðàíåíèå íà ñåâåð è âîñòîê ëèòîðàëüíîé
áîðåàëüíîé ôàóíû.

isopod families Desmosomatidae and Nannoniscidae are species-rich in Iceland waters: in total
34 species from 20 genera were reported. Most
of these species are restricted either to the north
(10 species) or the south (14) of the Greenland
IcelandFaeroe Ridge (Brix, Svavarsson, 2010).
The biogeographical schemes of the Arctic
shelf with wide biogeographical boundaries are
few (Hedgpeth, 1963; Grainger, 1966; Golikov,
1980; Nesis, 1982, 1987; Andriyashev, Shaposhnikov, 1985; Pavshtiks, 1985; Golikov, Scarlato, 1989; Mironov, Dilman, 2010; Chernova,
2011). In most schemes the biogeographical
boundary is drawn as a line. A linear boundary
between the Arctic and Boreal Regions is placed,
by different authors, from the latitude of the
Lofoten Islands (Briggs, 1974, 1995) to Spitsbergen and the eastern border of the Barents Sea
on the European shelf (Hedgpeth, 1957; Golikov, 1980; Golikov et al., 1990), from the Cape
Cod (Forbes, 1856; Woodward, 1866; Gontar,
Denisenko, 1989) to the Hudson Strait (Kus-

sakin, 1979; Petryashov, 2009) on the shelf of
north-eastern America, and from Cape Olutorsky and the Nunivak Island (the western and the
eastern Bering Sea respectively) (Briggs, 1974,
1995) to Herald Canyon and Point Barrow on
the Chukchi Sea shelf (Makarov, 1941; Petryashov, 2002b) (for different versions see Figs.
1, 8, 1012; other examples in Semenov, 1986,
Jirkov, 2013, and Petryashov et al., 2013). If all
versions of a linear boundary were mapped, the
result would be a crowding zone of lines (see
Semenov, 1986, Fig. 22). Wide crowding zones
of species range limits nearly coincide with
crowding zones of biogeographical linear borders.
The linear boundary in the East Siberian Sea
is drawn in the eastern part of the sea, at about
145°E by Golikov and Scarlato (1989), or in the
central part, at 160170°E, by Bogdanov (1994)
and Petryashov et al. (2010) or in the eastern
part, at 175180°E by other authors (Gurjanova, 1951; Tsvetkova, 1985; Fedyakov, Nau-
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Fig. 11. Biogeographic division of the Arctic Ocean based on the distribution of bivalve mollusks (after
Filatova, 1957).

Boreal Region: Ia and I b  North Boreal Atlantic Subregion, Norwegian-Murman-White Sea Province with two
districts. Iñ  North Boreal Pacific Subregion.
Arctic Region: II  Low-Arctic Sublittoral Subregion, IIa  Barents Sea Province, IIb  Chukchi Sea Province; III 
High-Arctic Subregion, IIIa  Siberian Upper-Sublittoral Brackish-Water Province, IIIb  Siberian-White Sea
Sublittoral Marine Province, IIIc  Eurasian Province of bathyal zone; IV  Polar-Greenland Province of abyssal zone.

Ðèñ. 11. Áèîãåîãðàôè÷åñêîå ðàéîíèðîâàíèå Ñåâåðíîãî Ëåäîâèòîãî îêåàíà íà îñíîâå ðàñïðîñòðàíåíèÿ
äâóñòâîð÷àòûõ ìîëëþñêîâ (ïî Ôèëàòîâîé, 1957).

Áîðåàëüíàÿ Îáëàñòü: Ia è Ib  Ñåâåðî-Áîðåàëüíàÿ Àòëàíòè÷åñêàÿ Ïîäîáëàñòü, Íîðâåæñêî-ÌóðìàíñêîÁåëîìîðñêàÿ Ïðîâèíöèÿ ñ äâóìÿ ðàéîíàìè; Iñ  Ñåâåðî-Áîðåàëüíàÿ Òèõîîêåàíñêàÿ Ïîäîáëàñòü.
Àðêòè÷åêàÿ Îáëàñòü: II  Íèæíåàðêòè÷åêàÿ Ñóáëèòîðàëüíàÿ Ïîäîáëàñòü, IIa  Áàðåíöåâîìîðñêàÿ Ïðîâèíöèÿ,
IIb  ×óêîòñêàÿ Ïðîâèíöèÿ; III  Íèæíåàðêòè÷åñêàÿ Ñóáëèòîðàëüíàÿ Ïîäîáëàñòü, IIIa  Ñèáèðñêàÿ ÂåðõíåÑóáëèòîðàëüíàÿ (ïðèáðåæíàÿ) Ñîëîíîâàòîâîäíàÿ Ïðîâèíöèÿ, IIIb  Ñèáèðñêî-Áåëîìîðñêàÿ Ñóáëèòîðàëüíàÿ
Ìîðñêàÿ Ïðîâèíöèÿ, IIIc  Åâðàçèéñêàÿ Ìîðñêàÿ Áàòèàëüíàÿ Ïðîâèíöèÿ; IV  Âûñîêîàðêòè÷åñêàÿ Àáèññàëüíàÿ Ïîëÿðíî-Ãðåíëàíäñêàÿ Ïðîâèíöèÿ.

mov, 1989; Petryashov, 2004) (Fig. 12).
Mironov and Dilman (2010) used the robust
biotic approach to reveal crowding zones in the
East Siberian Sea. The species ranges of 43
species of echinoderms from the East Siberian
and Laptev Seas were represented as horizontal
lines. Detailed data on the distribution of these
species were given by Smirnov and Smirnov
(1990, 1994, 2006, 2010). On Fig. 13 lines
outlining species distribution are with breaks if
a species range has a disjunction of more than
10° along the latitude. Lines end with an asterisk
if a species range has a limit in this region. The
resulting scheme demonstrates numerous dis-

junctions and species range limits in the East
Siberian Sea and a small number of range disjunctions and limits in the Laptev Sea (19 and 3
species range limits respectively). Compared to
the Laptev Sea, the network of species range
limits in the East Siberian Sea appears as a wide
crowding zone stretching almost over the whole
sea. The width of this zone is almost 1000 km.
In Cumacea and Mysida, the relative numbers
of species range limits in the East Siberian and
Laptev Seas are comparable to echinoderms: 11
East Siberian Sea/4 Laptev Sea species range
limits in Cumacea and 8 East Siberian Sea/3
Laptev Sea range limits in Mysida (Table 4).
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Fig. 12. Biogeographic division of the Arctic Ocean based on the distribution of amphipods (after Gurjanova,
1951).
1  biogeographic boundaries; 2, 3 and 4  provinces of the Sublittoral-Upper Bathyal Arctic Region, including White
Sea- Spitsbergen Province (2), Chukchi-American Province (3), Siberian Province (4); 5  Boreal Region; 6  Deep
Sea Arctic Region.

Ðèñ. 12. Áèîãåîãðàôè÷åñêîå ðàéîíèðîâàíèå Ñåâåðíîãî Ëåäîâèòîãî îêåàíà íà îñíîâå ðàñïðîñòðàíåíèÿ
áîêîïëàâîâ (ïî Ãóðüÿíîâîé, 1951).

1  áèîãåîãðàôè÷åñêèå ãðàíèöû; 2, 3, è 4  ïðîâèíöèè Ñóáëèòîðàëüíîé-Âåðõíåáàòèàëüíîé Àðêòè÷åñêîé
Îáëàñòè, âêëþ÷àÿ Áåëîìîðñêî-Øïèöáåðãåíñêóþ Ïðîâèíöèþ (2), ×óêîòñêî-Àìåðèêàíñêóþ Ïðîâèíöèþ (3) è
Ñèáèðñêóþ Ïðîâèíöèþ (4); 5  Áîðåàëüíàÿ Îáëàñòü; 6  Ãëóáîêîâîäíàÿ Àðêòè÷åñêàÿ Îáëàñòü.

A wide crowding zone in schemes is replaced by (or shown as) a single line. For example, a crowding zone can be replaced by line
connecting points where the number of boreal
and arctic species is equal (Shorygin, 1928;
Anisimova, 1989, 2000b; Zenzerov et al., 2006).
Such a line may occur in a crowding zone but it
does not correspond to the notion of a biotic
boundary. Jirkov (2013) drew a line along the
outer edge of the crowding zone. Similarly,

Sirenko et al. (2009) show a generalized boundary of a species group as a single line. As a result
erroneous impression may appear that boundaries of numerous species ranges coincide completely and that the boreal and arctic elements
contact each other nearly along a single line.
This results in the false impression that in the
Barents Sea the boreal fauna is substituted by
the arctic fauna along a single line (Fig. 14A).
Figure 14B shows more realistic cartographic
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Table 4. Species of Cumacea and Mysida with a range limit on the shelf of the Laptev Sea and the East
Siberian Sea (not known from the Chukchi Sea or from the Laptev  Kara Seas). The table is based on
published data of Vassilenko (1990, 2001, 2002, 2004, 2008a, b, 2010), Petryashov (1989, 1990, 2002a,
b, 2004, 2009) and Audzijonytë (2006).
Òàáëèöà 4. Ñïèñîê âèäîâ Cumacea è Mysida, ãðàíèöû àðåàëîâ êîòîðûõ ïðîõîäÿò ïî øåëüôó
Âîñòî÷íî-Ñèáèðñêîãî è Ëàïòåâûõ ìîðåé. Òàáëèöà ñîñòàâëåíà íà îñíîâå äàííûõ, îïóáëèêîâàííûõ
Âàñèëåíêî (1990, 2001, 2002, 2004, 2008a, b), Ïåòðÿøåâà (1989, 1990, 2002a, b, 2004, 2009) è
Audzijonytë (2006).

Groups of the shelf species,
depths 0300 m

Species with a range limit
within the East Siberian Sea
(140º180ºE)

Species with a range limit
within the Laptev Sea (100º
140ºE)
Species excluded from
consideration (primarily
bathyal species with rare
records from shelf of the
Laptev and East Siberian seas)
Species excluded from
consideration (reported from
the area by Vassilenko in 1990,
but not reported in her later
publications)

Cumacea species
Campylaspis globosa
Diastylis bidentata
D. lepechini
D. oxyrhyncha
D. scorpioides
Eudorella arctica
Lampros quadriplicatus
Leptostylis longimana
Leucon kobjakovae
L. nathorsti
L. pallidus
Campylaspis rubicunda
Eudorella spitzbergensis
Eudorellopsis integra
Paraleptostylis arctica
Diastylis echinata
D. polaris
Hemilamprops uniplicatus
Leptostylis gorbunovi
L. macrura
Leucon profundus

Mysida species
Birsteiniamysis inermis
Boremysis arctica
Erythrops abyssorum
E. erythrophthalma
Meterythrops robusta
Michtyops theeli (?)
Mysis arcticoglacialis
M. polaris (cryopelagic)
Boremysis nobilis
Erythrops glaciali
Mysis salemaai

Parerythrops
spectabilis

Eudorella hispida

version of species groups (the types of species
ranges). In this version species range boundaries of one type do not coincide completely
with each other and widely overlap with species
ranges of another type.

5.2. Deep-sea basins
Most authors recognize the abyssal zone of
the Arctic Ocean as a homogenous biogeographic area with no biogeographic boundaries (Gurjanova, 1951; Filatova, 1957; Zenkevitch, 1963a,
b; Briggs, 1974, 1995; Bouchet, Warén, 1979;
Andriyashev, Shaposhnikov, 1985; Tsvetkova,
1985; Nesis, 1987; Belyaev, 1989; Vinogradova,
1997; Watling et al., 2013) (Figs 1012). Wood
and Whatley (1994) suggested two abyssal biogeographic regions: the Norwegian and the Arc-

tic. Fedyakov and Naumov (1989) drew the region boundary across the Fram Strait (between
the Norwegian-Greenland and Central Arctic
Basins). Filatova (1962) suggested the boundary
along the Lomonosov Ridge dividing the West
Polar and the East Polar Abyssal Provinces.
According to Jirkov and Leontovich (2012), the
boundary between the Deep North Polar Province and the Norwegian Deep Province goes
along the boundary between the Greenland Sea
and the Norwegian Sea.
The composition of the Arctic abyssal species and genera changes markedly in the Fram
Strait area (at transition from the Greenland Sea
to the Arctic Basin). Mironov et al. (2013)
examine the distribution patterns of 93 Arctic
genera, among them 11 are known only in the
Norwegian and Greenland Seas and 5 only in
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Fig. 13. Distribution of echinoderm species on the Laptev and East Siberian Sea shelves (after Mironov and
Dilman, 2010). The horizontal line indicates species presence in a certain longitudinal gradient. The line
breaks indicate species range disjunctions (shown only for 10° distance and more). The species range limits
are indicated by four-arm asterisks.
Ðèñ. 13. Ðàñïðîñòðàíåíèå âèäîâ èãëîêîæèõ íà øåëüôå Ëàïòåâûõ è Âîñòî÷íî-Ñèáèðñêîãî ìîðåé.
Ãîðèçîíòàëüíàÿ ëèíèÿ îçíà÷àåò íàëè÷èå âèäà â ñîîòâåòñòâóþùåì äèàïàçîíå äîëãîò. Ðàçðûâû ëèíèé
ñîîòâåòñòâóþò ðàçðûâàì àðåàëîâ. Ïîêàçàíû ëèøü êðóïíûå ðàçðûâû àðåàëîâ ïðîòÿæåííîñòüþ â 10°
è áîëåå. ×åòûðåõëó÷åâîé çâåçäî÷êîé îáîçíà÷åíû ãðàíèöû âèäîâûõ àðåàëîâ (ïî Ìèðîíîâó è Äèëüìàí,
2010).
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Fig. 14. Two ways (A and B) of representing, cartographically, two geographic elements of the Arctic biota:
boreal Eastern Atlantic element (A1 and B1) and Arctic-Eurasian element (A2 and B2).
A  based on assumption that the range limits of species of the same geographical element completely coincide;
geographical elements adjoin to each other in the Barents Sea (after Sirenko et al., 2009).
B  based on assumption that the range limits of species of the same geographical element do not coincide: they are
dispersed within the zones B3 (Eastern Atlantic species) and B4 (Arctic-Eurasian species). Geographical elements
widely overlap in the Barents Sea.

Ðèñ. 14. Äâà ñïîñîáà (A è B) êàðòîãðàôè÷åñêîé ðåïðåçåíòàöèè äâóõ ãåîãðàôè÷åñêèõ ýëåìåíòîâ
àðêòè÷åñêîé áèîòû: áîðåàëüíîãî âîñòî÷íîãî àòëàíòè÷åñêîãî (A1 è B1) è àðêòè÷åñêî-åâðàçèéñêîãî
(A2 è B2).
A  ïðèíÿòî äîïóùåíèå, ÷òî ãðàíèöû àðåàëîâ âèäîâ, îòíîñÿùèõñÿ ê îäíîìó è òîìó æå ãåîãðàôè÷åñêîìó
ýëåìåíòó, ïîëíîñòüþ ñîâïàäàþò; ãåîãðàôè÷åñêèå ýëåìåíòû ñîïðèêàñàþòñÿ äðóã ñ äðóãîì â Áàðåíöåâîì ìîðå (ïî
Sirenko et al., 2009).
B  ïðèíÿòî äîïóùåíèå, ÷òî ãðàíèöû àðåàëîâ âèäîâ, îòíîñÿùèõñÿ ê îäíîìó è òîìó æå ãåîãðàôè÷åñêîìó
ýëåìåíòó, íå ñîâïàäàþò: îíè ðàññåÿíû â çîíàõ B3 (âîñòî÷íî- àòëàíòè÷åñêèå âèäû) è B4 (àðêòè÷åñêî-åâðàçèéñêèå
âèäû). Ãåîãðàôè÷åñêèå ýëåìåíòû øèðîêî ïåðåêðûâàþòñÿ â Áàðåíöåâîì ìîðå.

the Arctic Basin. However data on species range
limits in the deep-sea is incomplete. Approximately half of deep-sea taxa (occurring deeper
500 m) are known only from one or two localities (Bluhm et al., 2011). Additional biotic stud-

ies are required to clarify the crowding zone in
the Fram Strait.
The Deep-Sea Subregion of the North Polar
Region is considered here with a conventional
upper boundary at 1200 m and it is not divided

26

A.N. Mironov

into provinces. The Deep-Sea Subregion is separated from the northern Atlantic and the northern Pacific deep-sea regions by pronounced
crowding zones along the northern slope of the
GreenlandIcelandFaeroe Ridge and the continental slope of the Chukchi Sea. Deep-sea
boundaries in these areas have been shown for
many taxa (Gurjanova, 1951; Filatova, 1957;
Zenkevitch, 1963a, b; Briggs, 1974, 1995;
Bouchet, Warén, 1979; Andriyashev, Shaposhnikov, 1985; Tsvetkova, 1985; Nesis, 1987;
Svavarsson et al., 1993; Emson et al., 1994;
Negoescu, Svavarsson, 1997; Vinogradova,
1997; Weisshappel, 2000; Clarke, 2003; Narayanaswamy et al., 2005; Figs. 1012).
There are two opinions on the subordination
of the shallow-water and deep-sea biogeographic
regions of the Arctic Ocean. In one, the Arctic
deep-sea and shallow-water subdivisions are
combined into the Arctic division of a higher
rank (Filatova, 1957, 1962; Zenkevitch, 1963a,
b; Tsvetkova, 1985; Figs 10, 11). In the other,
the Arctic deep-sea subdivisions are combined
with the Atlantic deep-sea subdivisions. In the
latter approach, the biogeographic schemes of
the World Ocean abyssal and shelf are not
hierarchically associated (Ortmann, 1896; Menzies et al., 1973; Belyaev, 1989; Vinogradova,
1997; Jirkov, 2010; Watling et al., 2013). However, Menzies et al. (1973) combined into the
Arctic Deep-Water Region the deep-sea basins
and slope areas with the upper border at 425 m.
Numerous species are common to both shallow-water and deep-sea regions; also there are
numerous deep-sea species with wide bathymetric ranges. Bluhm et al. (2011) demonstrated that the shelf and the deep-sea (>500 m)
macro- and megabenthic faunas share ~60% of
species. There are numerous examples of evolutionary emergence or submergence of the Arctic
taxa (Mironov et al., 2013). The distribution
patterns of taxa and their biogeographic history
suggest that the Deep-Sea Subregion should be
united with the Shelf-Upper Slope Subregions
of the North Polar Region rather than with deepsea regions of the Atlantic or the Pacific.
Replacement of shallow-water fauna by
deep-sea fauna occurs in different ways in seas
of the Arctic and the northern Atlantic (Fig. 15).
The boreal shallow-water and the boreal deepsea faunas are contiguous in the northeast Atlantic, whereas the boreal shallow-water fauna is

replaced by the arctic deep-sea fauna in the
eastern Norwegian Sea. The transitional (arcticboreal) shallow-water fauna is replaced by the
boreal deep-sea fauna in the Labrador Sea,
whereas the transitional shallow-water fauna
and the deep-sea arctic fauna are contiguous in
the Barents and Chukchi Seas. In the Kara,
Laptev, East-Siberian and Beaufort Seas, the
arctic shallow-water fauna is contiguous with
the arctic deep-sea fauna.

6. Community (biocenotic) regionalization
Schemes of biocenotic subdivisions of the
Arctic seas were given in numerous publications (Filatova, Zenkevitch, 1957; Zenkevitch,
1963a, b; Kuznetsov, 1976; Antipova, Semenov, 1989; Kiyko, Pogrebov, 1998; Sirenko, 1998;
Anisimova, 2000b, 2003; Deubel et al., 2003;
Frolova, 2003; Lyubin, 2003; Kulakov et al.,
2004; Steffens et al., 2006; Zenzerov et al.,
2006; Denisenko, 2008; Lyubina, Sayapin, 2008
etc.). The Barents Sea has been subdivided
based mainly on the biocenotic approach by
Anisimova (2000b) and Zenzerov et al. (2006).
The similarity of faunas at individual stations
was estimated using the Jaccards index ignoring the assumption of continuity of species
ranges; species were regarded as equally important (Anisimova, 2000b). Stations were split
into 26 uniform faunistic groups and arranged
into 65 primary areas. Single stations represented about half of the primary areas. To reveal the
biogeographic regions these 65 primary areas
were clustered using the Czekanowski-Sørensen index. Similarity was estimated based not on
the species composition but on the biogeographic structure of fauna: the percentage of
species from different geographic elements (arctic and boreal). This resulted in nine biogeographic areas, four of them being transitional
between the boreal and arctic faunas (Fig. 16).
In most publications based on the biocenotic
approach, the importance of species differs in
respect to abundance, biomass etc. Lyubina and
Sayapin (2008) compared stations by species
composition of the gammarid fauna, population
density and the biomass dominance. Similarity
was estimated by cluster analysis using the Czekanowski-Sørensen index. This resulted in seven subdivisions in the Kara Sea. According to
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Fig. 15. Combinations of latitudinal zonal characteristics of shallow-water and deep-water faunas in the seas
of the North Atlantic and Arctic Ocean.
1  boreal shallow-water fauna (North-Eastern or North-Western Atlantic Regions); 2  arctic shallow-water fauna
(Shelf-Upper Slope Subregion of the North Polar Region). 3  boreal deep-sea fauna (North Atlantic Deep Sea Region);
4  arctic deep-sea fauna (Deep Sea Subregion of the North Polar Region).

Ðèñ. 15. Êîìáèíàöèè øèðîòíûõ çîíàëüíûõ õàðàêòåðèñòèê ìåëêîâîäíîé è ãëóáîêîâîäíîé ôàóí â
ìîðÿõ Ñåâåðíîé Àòëàíòèêè è Ñåâåðíîãî Ëåäîâèòîãî îêåàíà.

1  áîðåàëüíàÿ ìåëêîâîäíàÿ ôàóíà (Ñåâåðî-Âîñòî÷íàÿ èëè Ñåâåðî-Çàïàäíàÿ Àòëàíòè÷åñêèå Îáëàñòè); 2 
àðêòè÷åñêàÿ ìåëêîâîäíàÿ ôàóíà (Øåëüôîâàÿ-Âåðõíåáàòèàëüíàÿ Ïîäîáëàñòü Ñåâåðíîé Ïîëÿðíîé Îáëàñòè); 3 
áîðåàëüíàÿ ãëóáîêîâîäíàÿ ôàóíà (Ñåâåðîàòëàíòè÷åêàÿ Ãëóáîêîâîäíàÿ Îáëàñòü); 4  àðêòè÷åñêàÿ ãëóáîêîâîäíàÿ
ôàóíà (Ãëóáîêîâîäíàÿ Ïîäîáëàñòü Ñåâåðíîé Ïîëÿðíîé Îáëàñòè).

results of cluster analysis, Kulakov et al. (2004)
mapped 15 benthic communities in the Barents
Sea and 20 benthic communities in the Kara
Sea. These communities were characterized by
dominance of species and they were combined
into five trophic zones.

7. Landscape (bionomic) regionalization
Gukov (1999) used the classic landscape
approach, where large-scale subdivisions are
based on non-biological criteria (Table 2). He
revealed regularly repeating types of landscape
complexes on the Laptev Sea shelf: 31 facies, 25
areas and four landscapes. Only the facies were
characterised by specific communities. The
Laptev Sea was subdivided by Gukov into seven
regions distinguished by sets of typical (repeating) landscape complexes. Later Gukov (personal communication) suggested a new version
of the scheme for the Laptev Sea (Fig. 17) with
six regions and the scheme of regionalization of
the East Siberian Sea with five regions.
Petrov (2009) discussed the hierarchy of
landscape- and biome-based regionalization,
ranging from the global to local scale, using the

Barents Sea as an example. The Sea was subdivided into seven landscape (bionomic) regions, resembling more the tectonic and geomorphological subdivisions than the biocenotic
and biotic.
The landscape approach to regionalization
was used in studies of the Eastern Canadian
Arctic and northwest Atlantic, with biogeographic regions being related mainly to patterns
of water masses. According to Dunbar (1972),
the Northwest Atlantic Marine Region extends
from the Cape Hatteras northward along the
eastern coast of the United States to Lancaster
Sound at the northern end of the Baffin Island
then westward to the Bering Strait in Alaska.
Later Dunbar (1988) proposed three secondorder subdivisions: the Polar, Subpolar and
Eastern Temperate Provinces. These provinces
were based on water mass features, including
temperature, salinity, origin of water masses,
current and tidal patterns, sea-ice cover, vertical
stability of the water column and biological
indicators (Cook, Auster, 2007). Mondor et al.
(1995) further subdivided these provinces into
ten third-order marine biogeographic regions
based on the identification of marginal seas.
These included four Polar subdivisions (Vis-
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Fig. 16. Biogeographic division of the Barents Sea based mainly on the biocenotic approach (after
Anisimova, 2000b; modified).

1  boundary between Atlantic Boreal Region and Arctic Region (or between Norwegian and West Arctic Provinces),
this line connects points where the number of boreal and arctic species is equal; 2  boundary between districts; 3 
boundary between areas; 4  Lofoten District; 5  Finmark Subarctic Transitional District (disrupted, with two areas);
6  Spitsbergen  Novaya Zemlya Subarctic Transitional District (disrupted, with two areas); 7  South-Eastern
Barents District (disrupted, with three areas); 8  Central Barents Deep-Sea District.

Ðèñ. 16. Áèîãåîãðàôè÷åñêîå ðàéîíèðîâàíèå Áàðåíöåâà ìîðÿ îñíîâàííîå ïðåèìóùåñòâåííî íà áèîöåíîòè÷åñêîì ïîäõîäå (ïî Àíèñèìîâîé, 2000b; ìîäèôèöèðîâàíî).

1  ãðàíèöà ìåæäó Àòëàíòè÷åñêîé Áîðåàëüíîé Îáëàñòüþ è Àðêòè÷åñêîé Îáëàñòüþ (èëè ìåæäó Íîðâåæñêîé
Âûñîêîáîðåàëüíîé è Çàïàäíî-Àðêòè÷åñêîé Ïðîâèíöèÿìè); ýòà ëèíèÿ ñîåäèíÿåò òî÷êè, â êîòîðûõ ÷èñëî
áîðåàëüíûõ âèäîâ ðàâíî ÷èñëó àðêòè÷åñêèõ âèäîâ; 2  ãðàíèöà ìåæäó îêðóãàìè; 3  ãðàíèöà ìåæäó ðàéîíàìè;
4  Ëîôîòåíñêèé Îêðóã; 5  Ôèíìàðêåíñêèé Ñóáàðêòè÷åñêèé Ïåðåõîäíûé Îêðóã (ðàçîðâàííûé, ñ äâóìÿ
ðàéîíàìè); 6  Øïèöáåðãåíñêî-Íîâîçåìåëüíûé Ñóáàðêòè÷åñêèé Ïåðåõîäíûé Îêðóã (ðàçîðâàííûé, ñ äâóìÿ
ðàéîíàìè); 7  Þãî-Âîñòî÷íûé Áàðåíöåâîìîðñêèé Îêðóã (ðàçîðâàííûé, ñ òðåìÿ ðàéîíàìè); 8  ÖåíòðàëüíîÁàðåíöåâîìîðñêèé Îêðóã.

count Melville Sound, Lancaster Sound, Hudson Strait and Hudson James Bay), three Subpolar (North Slope/Beaufort Sea, Labrador Shelf
and Gulf of St. Lawrence) and three Eastern

Temperate subdivisions (Grand Banks/Scotian
Shelf, Acadian and Virginian). Cook and Auster
(2007) recognized five third-order subdivisions
of the Eastern Temperate Province.
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Fig. 17. Biogeographic division of the Laptev Sea by the landscape approach (after Gukov, pers.
communication).
A  West-Laptev Province: 1  Offshore West-Laptev Area; 2  West-Laptev Accumulation Area. B  East-Laptev
Brackish-water Province: 3  Offshore East Laptev Area; 4  East-Laptev Accumulation Area; 5  Shallow-water
area; 6  Area of Underwater Valleys. Dashed line shows the border between provinces. The figure is published by
permission of A.Yu. Gukov.

Ðèñ. 17. Áèîãåîãðàôè÷åñêîå ðàéîíèðîâàíèå ìîðÿ Ëàïòåâûõ ñ ïîìîùüþ ëàíäøàôòíîãî ïîäõîäà. Ïî
À.Þ. Ãóêîâó, íåîïóáëèêîâàíî.

A  Çàïàäíî-Ëàïòåâñêàÿ Ïðîâèíöèÿ: 1  Ïðèáðåæíûé Çàïàäíî-Ëàïòåâñêèé Ðàéîí; 2  Çàïàäíî-Ëàïòåâñêèé
Àêêóìóëÿòèâíûé Ðàéîí. B  Âîñòî÷íî-Ëàïòåâñêàÿ Ñîëîíîâàòîâîäíàÿ Ïðîâèíöèÿ: 3  Ïðèáðåæíûé Âîñòî÷íîËàïòåâñêèé Ðàéîí; 4  Âîñòî÷íî-Ëàïòåâñêèé Àêêóìóëÿòèâíûé ðàéîí; 5  Ìåëêîâîäíûé Ðàéîí; 6  Ðàéîí
Ïîäâîäíûõ Äîëèí. ×åðíî-áåëîé ëèíèåé ïîêàçàíà ãðàíèöà ìåæäó ïðîâèíöèÿìè. Ðèñóíîê ïóáëèêóåòñÿ ñ ðàçðåøåíèÿ
À.Þ. Ãóêîâà.

8. Regionalization based on the are combined in a scheme with boundaries based
on community and landscape criteria.
mixed approach
One simple example of the mixed approach
(biotic + biocenotic) is a map of biotic units for
8.1. Shelves
Most biogeographic schemes were constructed based on a mixture of elements of the biotic,
biocenotic and landscape approaches. Dunbar
(1979) stated, the biogeographic method does
not exist, or there are as many methods as
biogeographers. Its more accurate to say that
there are as many combinations of the biotic,
biocenotic and landscape approaches to regionalization as biogeographers. Data on species,
community and biotope (habitat) distribution
patterns are mixed to draw a single line of a
species range, to reveal a biogeographic unit and
to construct a biogeographic scheme of the Arctic
Ocean. Boundaries based on species distribution

different vertical zones (Fig. 11). Such a map
usually shows disjunctive units when one and
the same province is represented by several
parts separated from each other by another province (Filatova, 1957; Jirkov, Leontovich, 2012)
(Fig. 11). This contradicts the assumption of
continuity of a species range i.e. the continuity
of a biotic unit (Fig. 4 and 5). Another simple
case of mixed biotic/biocenotic approach is
recognition of a crowding zone as independent
biogeographic unit of transitional nature. For
example, the Barents Sea shelf or its section are
often recognized as a separate biogeographical
province (Schmidt, 1904; Gurjanova, 1951;
Filatova, 1957; Zenkevitch, 1963a, b; Nesis,
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1982, 1987; Zinova, 1985; Fedyakov, Naumov,
1989; Golikov et al., 1990; Petryashov, 2009;
Jirkov, Leontovich, 2012), whereas a pure biotic approach reveals in this area only a crowding
zone (wide biogeographical boundary) without
a status of separate unit.
Naumov (2006) divided the White Sea into
10 hydrological areas. The bivalve faunas of
these areas were compared using paired Bravais-Pearsons correlation coefficients. Areas
were grouped in case the correlation between
them exceeded 0.5. The significance of this
value at the given number of species was 95%.
As a result, six biogeographic regions were
revealed by the mixed landscape/biocenotic
approach (Fig. 18).
Lubinsky (1980) divided the Eastern and
Central Canadian Arctic into 12 biogeographic
regions (Fig. 19). This scheme was based on
maps of the distribution of 64 species of bivalves and addressed the problem of the division of arctic and subarctic waters. These maps
can be used to evaluate whether the biogeographic boundaries suggested by Lubinsky are
the crowding zones of species range borders.
Based on the assumption of species range continuity, I calculated numbers of species range
borders near the high biogeographic rank boundary, between the Arctic and Subarctic Faunistic
Zones. The boundary between regions IId and
VIa (the western part of the boundary between
the Arctic and Subarctic Zones) coincides with
species range borders of only two species, Cyclocardia borealis and Yoldiella lenticula. The
nearest borders of other species (Astarte elliptica, Macoma loveni, Thracia myopsis and Yoldia
myalis) are rather distant from each other. The
border of one species, Turtonia minuta, goes
very close to the boundary between the IIc and
VIa regions (the eastern part of the boundary
between zones). The number of species range
borders in the vicinity of the low-rank biogeographic boundaries of Lubinsky also is low. For
example, the boundary between subprovinces
IIa and IIb is the limit of distribution only for
Crenella faba. Therefore, the high number of
biogeographic units in the Canadian Arctic is
not supported by pure biotic approach. These
units are probably a result of the mixing of the
biotic, biocenotic and bionomic approaches.
The definitions of arctic species and boreal species often include ecological or historical meaning, such as occurrence of a species at

certain temperatures, or species origin at polar
or temperate latitudes. The species and community criteria are mixed when the boreal and
arctic species in such sense are used for the
biogeographic regionalization. Species are also
attributed to arctic if they occur only in the
Arctic Region, and boreal if they occur only
in the Boreal Region. In this case, the distinguishing of arctic and boreal species largely depends on the location of the biogeographic
boundary between the Arctic and Boreal Regions. Semenov (1986) described this vicious
circle in the method revealing biogeographic
boundaries: first, the arctic and boreal types of
distribution are defined based on the suggested
border between the Arctic and Boreal biogeographic regions, then these distribution types
are used for clarifying the biogeographic boundary between the Arctic and Boreal regions.
Cluster analysis ignores the assumption of continuity of species ranges. Therefore cluster analysis leads to the mixing of biotic and biocenotic
approaches. Data on species distribution are
often not sufficient to reveal boundaries of species ranges and biotic regions. In such cases
Petrov (2009) suggests substituting the biotic
criteria of regionalization by the biocenotic and
landscape criteria. The landscape approach was
initially treated as a combinatorial one. It was
claimed that the landscape approach gives a
polycentric vision of an ecosystem and thus
has advantages over biotic and biocenotic approaches that provide only limited biocentric
view (Arzamascev, Preobrazhensky, 1990;
Petrov, 2008). Similarly the mixed approach
was usually treated as the most effective to
reveal the boundaries of ecoregions and large
ecosystems. Thus Spalding et al. (2007) defined
the marine ecoregions as distinct areas of relatively homogeneous species composition,
which is likely to be determined by the predominance of a small number of ecosystems and/or
a distinct suite of oceanographic or topographic
features. These authors distinguished 19 shelf
ecoregions in the Arctic Realm.

8.2. Estuaries
The Arctic Ocean is characterized by strong
freshwater outflow. The annual freshwater discharge from all major Arctic rivers is approximately 3300 km3, equivalent to 10% of global
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Fig. 18. Biogeographic divisions of the White Sea based on species prevailing in the bivalve mollusc fauna
(see explanations in text). Double line designates the coincidence of oceanographic and faunistic boundaries
of the White Sea. After Naumov, 2006.
Figure 18. Áèîãåîãðàôè÷åñêîå ðàéîíèðîâàíèå Áåëîãî ìîðÿ, îñíîâàííîå íà äîìèíèðîâàíèè âèäîâ â
ôàóíå äâóñòâîð÷àòûõ ìîëëþñêîâ (ñì. ïîÿñíåíèÿ â òåêñòå). Äâîéíîé ëèíèåé îáîçíà÷åíî ñîâïàäåíèå
«îêåàíîãðàôè÷åñêîé è ôàóíèñòè÷åñêîé ãðàíèö Áåëîãî ìîðÿ». Ïî Íàóìîâó, 2006.

river run-off. The freshwater flow is especially
high in the Kara Sea. The Ob and Yenisei, two
of the largest rivers in the basin, discharge about
30% of the total annual river run-off into the
Arctic Ocean (Fütterer, Galimov, 2003; Stein,
2000).
Gorbunov (1941) pointed out that the Arctic
brackish-water fauna differs from marine one
and suggested the division of the biogeographic
Arctic Subregion into two parts: the high Arctic area of continental water discharge and the
high Arctic of the open sea. Following Gorbunov, Zenkevitch (1947, 1963a, b) recognized
the Brackish-Water Province forming a continuous belt along the Eurasian coast from Yamal
to the Bering Strait and also along the American

coast (Fig. 10). In the scheme of Filatova (1957,
1962), the Brackish-Water Province has a wide
gap at the Taimyr Peninsula area (Fig. 11). The
Estuarine Arctic Interzonal Province of Golikov et al. (1990) included 11 areas: the southern
Kara Sea, the White Sea, Gulf of Finland, Gulf
of Bothnia and southern parts of the Laptev and
East Siberian Seas, the Gulf of Anadyr in the
Bering Sea, the Amur and Mackenzie estuaries,
the Gulf of Saint Lawrence on the eastern coast
of Canada and the James Bay with an outpost
into the south-east Hudson Bay. Gukov (pers.
com.) separated the East Laptev and New Siberian Brackish-Water Provinces (Fig. 17). Lubinsky (1980) identified the Brackish Subprovince of the James Bay. Polar water of James Bay
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Fig. 19. Biogeographic division of the Canadian Arctic based on the distribution of bivalves (after Lubinsky,
1980).

Faunistic zones and subzones: IV  Arctic Zone: IIV  High-Arctic Subzone, V  Low-Arctic Subzone; VIVII 
Subarctic Zone.
Provinces and subprovinces: I  Endemic Province of the Northern Canadian Archipelago, IIa, b  Central ShallowWater Province, IIb  Subprovince of Foxe Basin, IIc  Province of Baffin Island Shelf, IId  Southern Deep-Water
Province, III  Province of South-Western Canadian Archipelago, IV  Province of South-eastern Canadian
Archipelago, Va, b  Province of Hudson Bay, Vb  Subprovince of James Bay, VIa, b  Northern Subarctic Province,
VIb  Subprovince of Northern Labrador, VII  Province of Southern Labrador.

Ðèñ. 19. Áèîãåîãðàôè÷åñêîå ðàéîíèðîâàíèå Êàíàäñêîãî ñåêòîðà Àðêòèêè, îñíîâàííîå íà ðàñïðîñòðàíåíèè äâóñòâîð÷àòûõ ìîëëþñêîâ (ïî Lubinsky, 1980).

Ôàóíèñòè÷åñêèå çîíû è ïîäçîíû: IV  Àðêòè÷åñêàÿ çîíà: IIV  Âûñîêî-Àðêòè÷åñêàÿ Ïîäçîíà, V  ÍèçêîÀðêòè÷åñêàÿ Ïîäçîíà; VIVII  Ñóáàðêòè÷åñêàÿ Çîíà.
Ïðîâèíöèè è ñóáïðîâèíöèè: I  Ýíäåìè÷íàÿ Ïðîâèíöèÿ Ñåâåðíîãî Êàíàäñêîãî Àðõèïåëàãà; IIa, b  Öåíòðàëüíàÿ Ìåëêîâîäíàÿ Ïðîâèíöèÿ; IIb  Ñóáðîâèíöèÿ Áàññåéíà Ôîêñè; IIc  Ïðîâèíöèÿ Øåëüôà Îñòðîâà
Áàôôèí; IId  Þæíàÿ Ãëóáîêîâîäíàÿ Ïðîâèíöèÿ; III  Ïðîâèíöèÿ Þãî-Çàïàäíîãî Êàíàäñêîãî Àðõèïåëàãà;
IV  Ïðîâèíöèÿ Þãî-Âîñòî÷íîãî Êàíàäñêîãî Àðõèïåëàãà; Va, b  Ïðîâèíöèÿ Ãóäçîíîâà Çàëèâà; Vb 
Ñóáïðîâèíöèÿ Çàëèâà Äæåéìñ; VIa, b  Ñåâåðíàÿ Ñóáàðêòè÷åñêàÿ Ïðîâèíöèÿ; VIb  Ñóáïðîâèíöèÿ Ñåâåðíîãî
Ëàáðàäîðà; VII  Ñóáïðîâèíöèÿ Þæíîãî Ëàáðàäîðà.
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Fig. 20. Boundaries of brackish-water fauna according to various authors in the Kara Sea.

1  boundary of distribution of brackish-water zooplankton, based mostly on the distribution of Limnocalanus
macrurus (= L. grimaldii) and Drepanopus bungei (after Pavshtiks, 1985); 2  northern boundary of the Shallow
Brackish-Water Province (after Zenkevitch, 1963a); 3  northern boundary of the Estuary Arctic Province (after
Golikov, Scarlato, 1989); 46  scheme of faunistic regionalization of inlets and bays of the Kara Sea and the eastern
Barents Sea: 4  marine euryhaline fauna, 5  brackish-water-marine euryhaline fauna, 6  brackish-water fauna
(after Anisimova, 2000a).

Ðèñ. 20. Ãðàíèöû ñîëîíîâàòîâîäíîé ôàóíû, ïðîâîäèìûå ðàçíûìè àâòîðàìè â Êàðñêîì ìîðå.

1  ãðàíèöà ðàñïðîñòðàíåíèÿ ñîëîíîâàòîâîäíîé ôàóíû çîîïëàíêòîíà, ïðîâåäåííàÿ â îñíîâíîì ïî ðàñïðîñòðàíåíèþ Limnocalanus macrurus (= L. grimaldii) è Drepanopus bungei. Ïî Pavshtiks, 1985. 2  ñåâåðíàÿ ãðàíèöà
Ìåëêîâîäíîé Ñîëîíîâàòîâîäíîé Ïðîâèíöèè. Ïî Çåíêåâè÷ó, 1963à. 3  ñåâåðíàÿ ãðàíèöà Ýñòóàðíîé Àðêòè÷åñêîé Ïðîâèíöèè. Ïî Ãîëèêîâ, Ñêàðëàòî, 1989. 46  ñõåìà ôàóíèñòè÷åñêîãî ðàéîíèðîâàíèÿ ãóá è çàëèâîâ
Êàðñêîãî ìîðÿ è âîñòî÷íîé ÷àñòè Áàðåíöåâà ìîðÿ: 4  ìîðñêàÿ ýâðèãàëèííàÿ ôàóíà, 5  ñîëîíîâàòîâîäíîìîðñêàÿ ýâðèãàëèííàÿ ôàóíà, 6  ñîëîíîâàòîâîäíàÿ ôàóíà. Ïî Àíèñèìîâîé, 2000a.

is mixed with water from land drainage, seasonally less saline and warmer than in any other
part of the Arctic (Lubinsky, 1980: 61). In the
scheme of Petryashov et al. (2010) the Siberian
Brackish-Water Province is divided within the
East Siberian Sea into four subdivisions: Polyeuhaline, Polyhaline, Refugium in the Chaun
Bay and Refugium in the Estuary of the Kolyma

River. Following Khlebovich (1986), Anisimova (2000a) assigned the Gulf of Ob, the Pechora
Bay and the Yenisei Bay not to the Arctic
Region, but to the Holarctic Brackish-Water
Region of the mainland (Fig. 20).
The estuarine biogeographical units are based
on the mixed approach. Golikov and Scarlato
(1989) emphasized the landscape criteria and
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suggested that the Estuarine Arctic Province
does not descend to depths greater than 10 m,
with summer temperatures 46ºC and salinities
from 3 to 16. Estuarine provinces clearly
differ from adjacent freshwater and marine areas also in the structure of benthic communities.
The freshwater communities are succeeded
down-estuary by oligo-mixed communities
with a strong dominance of brackish water species. These brackish water communities in turn
are succeeded by poly-mixed communities
with mostly marine species prevailing towards
the estuary mouth (Filatova, Zenkevitch, 1957;
Gukov, 1999, 2001; Anisimova, 2000a; Fetzer
et al., 2002; Deubel et al, 2003; Galkin et al.,
2010) (Figs 6, 20).
It is likely that there are no species endemic
to the estuarine zone. Some species are especially characteristic of estuaries: the planktonic
crustaceans Limnocalanus macrurus (= L. grimaldii) and Drepanopus bungei, the polychaetes
Ampharete vegae, Marenzelleria arctia, the
amphipods Monoporea affinis and Onisimus
botkini, the isopod Saduria entomon and others
(Denisenko et al., 2003; Deubel et al, 2003;
Gagaev et al., 2006; Frolova, 2009; Lyubina,
Sayapin, 2008; Galkin et al., 2010). However
these species also were recorded at a substantial
distance from estuaries.
The transition from the sea to fresh water in
estuaries is marked by a drastic reduction in the
number of species. Filatova and Zenkevitch
(1957) compared two adjacent communities in
the Yenisei Bay. At the transition from the
marine poly-mixed community, dominated by
the bivalve Portlandia arcticum and the amphipods Acanthostepheia malmgreni, and Aglaophamus malmgreni to the brackish-water
oligo-mixed community, dominated by the bivalves Portlandia aestuaroum and Cyrtodaria
kurriana and the isopod Saduria entomon, the
number of species decreased from 200 to 40.
Considering only the amphipod fauna, in the
estuary communities of the Kara Sea (the Yenisei Bay and the Gulf of Ob, depths from 4.4 to
29 m, salinity from 0.4 to 20.9) four species
occur: Monoporeia gurjanovae (the dominant
species), Monoculoides minutus, Oediceros minor and Onisimus birulai), whereas the neighbouring more northern community is dominated
by Byblis gaimardi and Protomedea fasciata
(depths 1845 m, salinity 27) and there are 55

species (Lyubina, Sayapin, 2008). The number
of polychaete species in Yenisei Bay decreases
from 50 to 4 from north to south (Frolova, 2009).
Remane (1934, 1940) found that in the Baltic Sea most freshwater species do not occur at
salinities >58, whereas marine species usually do not live at salinities below this value.
Khlebovich (1965, 1974, 1986, 1989) was the
first to suggest the term critical salinity and
showed that this narrow salinity range marks the
faunal change when seawater is mixed with
fresh water. It is a divide for many physiological
processes, including cellular and biochemical
reactions. The critical salinity barrier of Khlebovich supports recognition of the holohaline
zone inhabited by brackish-water communities
(Kinne, 1971). According to Anisimova (2000a),
the zone of brackish-water communities in the
Gulf of Ob approximately coincides with the
salinity of 58% (Fig. 10). However, Kozlovskiy
(2012) reported that the summer boundary between the freshwater and brackish-water communities was observed in the Gulf of Ob 250 km
south from the 1 isohaline. Kozlovskiy (2012)
suggested that this boundary was determined by
water with a higher salinity periodically penetrating the southern Gulf of Ob.
Estuaries of Arctic rivers dramatically differ
from other areas of the Arctic Ocean in the
environment conditions and the structure of
benthic communities. Therefore Arctic estuaries can be recognized as separate biogeographic
units, based on the biocenotic and landscape
criteria. In the context of the biotic approach, an
estuary is an area with a wide crowding zone at
the marine water/fresh water barrier for species
dispersal. These areas extend from the zone
with critical or zero salinity to areas with marine
salinity inhabited by marine communities. They
do not have the status of separate biogeographic
(biotic) units. A narrow crowding zone always
occurs along the continental coast because the
land/sea border is a very efficient barrier for
species dispersal. But this crowding zone widens
in areas of large river mouths where fresh water
is mixed with seawater at a distance from land. In
such areas the limits of species ranges of some
marine species are displaced into the open ocean,
to a degree depending on the individual species
tolerance to low salinity (Fig. 21). The more
stenohaline is a marine species, the more distant
from the mainland is the species range limit.
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Fig. 21. Hypothetical scheme showing a narrow crowding zone at the barrier water/land and its widening in
the estuarine area. The lines designate the northern borders of species ranges.
Ðèñ. 21. Ãèïîòåòè÷åñêàÿ ñõåìà, ïîêàçûâàþùàÿ óçêóþ çîíó ñãóùåíèÿ âáëèçè áàðüåðà âîäà/ñóøà è åå
ðàñøèðåíèå â ýñòóàðíîì ðàéîíå. Ëèíèè îáîçíà÷àþò ñåâåðíûå ãðàíèöû ðàñïðîñòðàíåíèÿ âèäîâ.

8.3. Deep-sea basins
Menzies et al. (1973: 322) proposed a scheme
for the division of the Arctic abyssal. The Arctic
Deep-Water Region (with the upper limit in the
High Arctic at about 425 m depth) was divided
into five provinces: the Norwegian, GreenlandFram, Eurasian, Siberian and Canadian, based on
biotic and landscape criteria. The authors used
where possible, temperature as well as topography as determinants for province definitions.
Watling et al. (2013) recognize the Arctic
Province in the lower bathyal zone (>800 m)
and Basin Arctic Province in the abyssal zone.
The authors used the landscape approach to
regionalization: the proposed provinces are characterized by them as based strongly on watermass characteristics defined by temperature and
salinity signals and POC flux characteristics,
defined by food availability in these detritusbased deep-sea ecosystems. However the landscape approach allows the subdivision of the
deep-sea Arctic into several provinces. A single
abyssal province in the Arctic Ocean is usually
a result of the biotic regionalization.

8.4. Hydrothermal vent fields
Tyler and Young (2003) considered the little-explored Arctic as a potential hydrothermal province. Recently hydrothermal vent fauna has been discovered in the Arctic deep-sea.
Hydrothermal fields were found along the Arctic Mid-Ocean Ridge, off the Jan Mayen Island,
at 500750 m depth (Schander et al., 2010) and
at Lokis Castle, 2400 m depth (Pedersen et al.,
2010; Rapp et al., 2011). According to Rapp et
al. (2011: 121), the Loki Castle vent field hosts
an endemic fauna composed of specialized polychaetes, gastropods, amphipods and fish. The
high degree of local adaptation and specialization of fauna from the studied sites allows us to
propose the Arctic Mid-Ocean Ridge to be a
new zoogeographical province for vent fauna.
The methods of biogeography used for hydrothermal areas contradict the basic concepts of
the biotic approach and follow the biocenotic
approach: (1) species ranges are regarded as
interrupted, (2) species with different ecologies
(vent and non-vent) have unequal weight, (3)
differences between faunas of small areas are
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taken into account and cluster analysis is used to
reveal the biogeographic units, (4) the zone of
crowding is not a criterion for drawing a biogeographic boundary (compare with Table 1). In
addition the environmental data are taken into
account at the stage of initial regionalization,
this feature is typical of the landscape approach.
The term endemic is used in the biotic
biogeography to define the purely chorological
notion. A species is endemic of a region if it is
not found outside this region. The region size
and ecological peculiarities of species and environment are of no importance. In the biogeography of hydrothermal fauna this term is used in
another sence: a species is vent endemic if it
is not found in the non-hydrothermal environment. To avoid the semantic confusion, the term
vent obligate should be used for species only
found surrounding a hydrothermal vent
(Mironov et al., 1998, 2002; Tarasov et al.,
2005).
Biogeographic regionalization related to
hydrothermal vent fauna usually disregards regionalization of the background fauna (Tunnicliffe, 1998; Van Dover et al., 2002; Bachraty et
al., 2009). Mironov et al. (1998, 2002) compared the geographic distribution of deep-sea
species occurring on hydrothermal fields with
species in the regular deep-sea environment. It
appeared that the distribution of hydrothermal
vent species basically corresponds to biotic
divisions of the regular (non-hydrothermal) environment. Therefore Mironov et al. (1998,
2002) suggested that the biogeographic organization of the two faunas is controlled by the
same factors, and the biotic regionalization
should be universal for hydrothermal and background faunas.
Species inhabiting vent fields and adjacent
non-vent areas belong to one and the same biotic
complex. Schemes of biotic regionalization can
predict faunistic differences between hydrothermal vent areas. Thus, the deep-sea Arctic
Ocean in biotic schemes is separated from the
deep-sea North Atlantic; therefore the fauna of
Arctic hydrothermal fields is expected to differ
from the Atlantic vent fields.

9. Latitudinal biotic zones
Plotting biotic zones is part of causal analysis. It is performed after the boundaries of biotic

regions have been revealed using the chorological (areographic) approach. A biotic zone consists of biotic regions combined into a zonal belt
(latitudinal, vertical or circum-continental) based
on the similarity of zonal environmental characteristics of these regions (Mironov, 1990, 1999).
The similarity of biota (fauna and flora) of
biotic regions is not important for combining
regions into one zone. For example, the sublittoral zone includes the low-latitude and the
high-latitude regions with drastically different
biota, although both zones are located in the
photic zone. Environmental data is excluded
when revealing boundaries of biotic zones, since
these boundaries are the same as in biotic regions. Biotic zones demonstrate the latitudinal
extension of some biogeographic boundaries.
The two latitudinal biotic zones, the boreal
and the arctic, are recognized on the shelf of the
Arctic Ocean. The biotic boundaries in the Arctic Ocean approximately correspond to summer
isotherms of surface waters. The boundary of
the North Polar Shelf Subregion correlates with
the summer surface temperature from 6 to 8ºC,
according to the Atlas of the Arctic, map VIII.14
(Treshnikov, 1985) (also see AMAP, 1998).
The arctic biotic zone is defined as the group of
biotic regions (the American-Eurasian and the
Chukchi-American Provinces) with the summer
surface T<4ºC. The boreal zone is defined as the
group of biotic regions (the Eastern Atlantic,
the Western Atlantic, the Eastern Pacific and
the Western Pacific Regions) with a summer
surface temperature about 8ºC in its northern
areas. Most of the boreal zone is outside the
Arctic Ocean and includes only a small part of
the Arctic shallow waters  the Norwegian
shelf (Fig. 9).
The wide biotic boundaries between the
North Polar and the North Atlantic regions and
between the North Polar and the North Pacific
regions can be designated as the subarctic latitudinal subzone. Biotic biogeography does not
provide any other possibility for the isolation of
the subarctic subzone. Dunbar (1953) defined
the subarctic zone as marine areas with the
upper water layers of mixed polar and non-polar
origin. The subarctic zone of Dunbar (1953, Fig.
1) coincides approximately with the wide crowding zone outlining the North Polar Region. Zimmer (1900, 1904), apparently, was the first to
separate the transitional Subarctic Region (zone)
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extending from the Lofoten Islands to the Eastern
Murman in the south Barents Sea. The width of
the subarctic zone, or subzone, varies depending
on the concept. The approach of Hunt and Drinkwater (2005) is an example of a broad understanding of the zone of the Sub-Arctic Seas. It
spans northward to Hudson Bay (inclusive) and
in the Pacific it completely covers the Bering
and Okhotsk Seas. According to Schmidt (1904),
the Subarctic Transition Region is a narrow
zone with southern position: in the Atlantic
Ocean south to Nova Scotia and in the Pacific
Ocean south to the Korean Peninsula.
In history of the Arctic Ocean biogeography, numerous, varied schemes of zonal regionalization have been produced, most with confusion of the hierarchical and zonal characteristics
of delineated areas. The present paper does not
aim to critical review these schemes. We compare only biotic zones with biomes based on the
biocenotic approach. The term biome was
introduced by Clements (1916). Biome designates a group of related communities (Clemens,
1916; Udvardy, 1969; Mirkin et al., 2002) or the
largest community unit (Odum, 1971; Longhurst, 1998). Biome was described and characterized by climax, rather than by succession,
communities. Kendeigh (1961) defined biome
as a community distinguished by life forms of
important climax species. According to Odum
(1971), the life forms of the climatic climax
vegetation are uniform in a given biome. Major
terrestrial biomes (tundra, boreal forest, temperate deciduous forest, temperate rain forest, subtropical evergreen forest, temperate grasslands,
deserts and others) are extended latitudinally.
In publications on marine biota, biome
has been given different meanings, resulting in
confusion (Pielou, 1979; Brown, Lomolimo,
1998; Longhurst, 1998; Petrov, 2009 etc.). Up
to now, there has been no agreement among
biogeographers about the definition and number of biomes in the World Ocean. Regions
recognized as biomes usually do not extend
latitudinally. For example, Pielou (1979) distinguished proper marine biomes (Coral reef,
Deep sea benthos, Pelagic plankton, Pelagic
nekton and Neuston) and littoral biomes (Rocky
shore, Sandy shore, Muddy shore and saltmarsh
and Shallow sea benthos). Pielow (1979) emphasized that a world map showing ecological
biomes needs to be printed on a large scale and
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in colour if it is to be legible, since biomes are
defined only by their ecological properties and
may occupy a space made up of numerous small,
scattered fragments.
With rare exceptions, there are no such
groups of communities on the ocean floor that
would form global latitudinal zones and could
be easily recognized by characteristic group of
related species. One exception is coral reefs.
Therefore, applying the concept of biome to
benthic marine biota requires a fundamental
change of the concept.
The marine pelagic biomes of Longhurst
(1998) are latitudinally extended, similar to
terrestrial biomes. The pelagic World Ocean in
this scheme is divided into 51 biogeographic
provinces combined into 12 biomes. Boundaries of many provinces and biomes are similar
to borders of biotic divisions suggested by Briggs
(1974, 1995). Boundaries of the Atlantic Polar
Biome approximately correspond to those of
the North Polar Shelf Subregion and the arctic
biotic zone on Fig. 9. Longhurst (1998) pointed
out that identification of ecological biomes and
provinces basically rests on observed, or inferred, regional discontinuities in physical processes, particularly those affecting the stability
of the upper kilometre of the ocean or the mixing
of deeper water into the photic zone. Regional
differences in other ecologically significant variables, such as light and illumination of the
nutricline, were also considered. Thus Longhurst basically used the landscape approach to
regionalization. However, the results of the biogeographic analysis by Longhurst rather suggest the biotic approach, and his biomes approximately correspond to biotic latitudinal zones.

10. Arctic biotic complexes and
large ecosystems
The biogeocomplex concept suggests the
coincidence of biotic boundaries with drastic
changes of environmental physical-chemical
parameters and with boundaries of the landscape-biocenotic regions (see Section 3). The
boundaries of the Arctic biotic regions demonstrate good correlation with environmental heterogeneity. For example, the GreenlandIcelandFaeroe Ridge plays an obvious role in
separating water masses of different origin: the
warmer more saline Atlantic waters and the
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cooler Polar waters with lower salinity (Meincke,
1983; Hansen, Østerhus, 2000). The cold East
Greenland Current with two major branches, the
Jan Mayen Current and the East Icelandic Current, dominates the western part of the Nordic
Seas. The East Icelandic Current flows along
the North Icelandic slope into the southwest
Norwegian Basin. There is the Arctic Front over
the northern slope of the Iceland-Faeroe Ridge,
also known as the Iceland-Faeroe Front, as it
mixes with the Atlantic Waters of the Faeroe
Current (Hansen, Østerhus, 2000; Blindheim,
Rey, 2004). The boundary of the North Polar
Region follows the Greenland-Iceland-Faeroe
Ridge. Brix and Svavarsson (2010) suggested
that the Greenland-Iceland-Faeroe Ridge per se
might act as secondary barrier, however the
authors mentioned that the ridge shapes the
temperatures of the area. Most species are restricted to either cold or warm water masses.
Warm Atlantic currents disrupt the coincidence of biotic and geomorphological boundaries in the eastern part of the Greenland-Iceland-Faeroe Ridge. The Atlantic waters penetrate the Arctic mainly through the IcelandFaeroe Trough, flowing northward along the
Norwegian slope as the warm Norwegian Current (Klepikov et al., 1985; Mauritzen, 1996;
Mork, Blindheim, 2000; Ersdal, 2001; Jones,
2001). North of 70ºN, the Norwegian Current
divides into the West-Spitsbergen and the Nordcap Currents. The former tightly adheres to the
Spitsbergen slope and enters the Arctic Basin
through the Fram Strait. The Nordcap Current
skirts the Scandinavian Peninsula and enters the
Barents Sea. The boundary between the boreal
and arctic biotas closely follows the warm currents: it curves northward along the Norwegian
slope, stretching up to the western Barents Sea
and Spitsbergen.
Cold Arctic currents offset the biotic boundary from the geomorphological barrier in the
western part of the Greenland-Iceland-Faeroe
Ridge. Cold Arctic waters flow southward along
the western and eastern slopes of Greenland and
along coasts of the North America. These waters
penetrate the Atlantic through the Denmark, Davis
and Hudson straits. A wide crowding zone of
species range boundaries also spreads southward
following the cold waters to Newfoundland.
The number of biogeographic regions on the
Arctic shelf increases from schemes based on

the biotic approach to those based on mixed
elements of biotic and biocenotic approaches,
and increases further in schemes based on biocenotic, landscape and mixed biocenotic-landscape approaches. The strictly biotic approach
recognizes only three subdivisions on the Arctic
shelf (Fig. 9) and the single subdivision in the
Arctic deep sea. Summing up the maximum
numbers of subdivisions revealed in Arctic seas
using the landscape-biocenotic approach, the
Arctic Ocean appears to be divided into more
than 50 biogeographic regions. A group of small
landscape-biocenotic regions falls into one large
biotic province.
The biotic boundaries in the Arctic Ocean
are very wide  up to several hundred km,
whereas the landscape-biocenotic boundaries
are linear. Some landscape-biocenotic provinces fall entirely into the crowding zones. It seems
likely that communities of wide crowding zones
have unique structure and succession. In other
words, a wide crowding zone can be marked by
unique structure and succession of communities
transitional between communities of adjacent
biotic provinces. For example, Anisimova
(2000b) divided the Barents Sea into nine biocenotic regions, four of them transitional between the boreal and arctic faunas. The transitional regions lie in the crowding zone or near it
(compare Figs 9 and 16). Denisenko (2008)
showed the substantial width of the biogeographic boundary in the Barents Sea using the
biocenotic approach. He studied the ratio of the
boreal and arctic species and the ratio of their
biomasses. In either case it followed that the
transition zone in the Barents Sea is wide and its
borders correspond to the position of fields with
temperature gradients of more than 2ºC. The
crowding zones in the estuarine areas are well
marked by biocenotic brackish-water provinces.
However, successional processes in marine
benthic communities are not well studied and
methods of biocenotic regionalization are not
advanced enough to reveal in space a succession
system and estimate its correspondence to a
crowding zone or to a biotic complex. Methods
of distinguishing and outlining communities from
one succession system need to be improved.
The results of the biogeographic regionalization of the Arctic Ocean support the hypothesis that a biotic complex is a large universal
structural-functional unit of a living realm. In
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theory any biotic boundary can be revealed by
different approaches to biogeographical regionalization at the large scale: biotic, biocenotic
and landscape. On the other hand, most biogeographic boundaries revealed by biocenotic and
landscape approaches are not biotic boundaries.

11. Crowding effect of adaptations
Factors controlling the crowding zones are
different in different areas. Physical factors play
the leading role in the development of crowding
zones at the border between the sea and the land,
or between seawater and fresh water. Effective
physical barriers to dispersal seldom exist in
marine systems and the prevalence of planktonic
larvae in marine benthic taxa provides a potential
for gene flow across large geographic distances.
This raises the fundamental question in biotic
biogeography  can partial oceanographic barriers alone account for the zones of crowding?
In the evolution of the crowding zones three
main stages have been suggested (Mironov,
2002, 2004). At the first stage (autecological),
the species range limits are set by partial or
porous (Rapoport, 1982) environmental barriers to dispersal. It is mainly physiological
tolerance that allows some species to disperse
further than others. At this stage, the succession
system of communities at both sides of a weakly
expressed crowding zone is one and the same
(uniform). At the second stage (synecological)
interspecies interactions and adaptations lead to
evolutionary stable species range limits even
with no barriers to gene flow. Dispersal barriers
at this stage synchronise range limits of interacting species. Without interactions, species range
limits would be driven by non-biological (abiotic) environmental factors. The correlation between species range limits and species interactions is discussed in numerous publications
(Gaston, 2003; Parmesan et al., 2005; Holt,
Barfield, 2009; Price, Kirkpatrick, 2009, etc.).
With maturation of a crowding zone, the number of species range limits in the zone increases
and distances between them decrease.
At the third stage (ecosystem), a previously
uniform succession system (common at both
sides of a crowding zone) becomes differentiated into two systems. Cenophilic species coadapt to biotic conditions in one succession
(cenotic) system, and this prevents their immi-
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gration to adjacent succession system in which
different adaptations are required. Thus, a mature succession system or biotic complex enforces advantages of adaptations to local environment and decreases probability of dispersal
of cenophilic species beyond a crowding zone.
At this stage, barriers to dispersal synchronise
range limits of species from one succession
system (Fig. 22). Mironov (2002, 2004) suggested calling the gradual convergence of range
limits as a result of co-adaptations of cenophilic
species the crowding effect of adaptations.
This implies that a crowding zone can be a much
more effective barrier to dispersal than a physical barrier in a given zone. The barrier effect of
a crowding zone gradually increases owing to
exclusively biotic changes and through the evolution of a biotic complex.
Mironov and Dilman (2010) suggested that
the great width of crowding zones in the Arctic
indicates their young age. Co-adaptations and
succession systems in the Arctic biotic complexes are insufficiently developed to form narrow and effective crowding zones. The young
age of crowding zones in the Arctic may result
from the young geological age of the Arctic
environment. The warm Tertiary period was followed by the cooler Quaternary, with a set of
glacial episodes during the Pleistocene. The relatively stable environment has established in the
Arctic only after the last glaciation, about 10 000
years ago. This period of time was apparently too
short for the formation of mature biotic complexes and efficient biotic dispersal barriers.
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