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Abstract⎯According to the results of analysis of genetic differentiation and Bayesian hierarchical cluster
analysis of polymorphism in microsatellite loci, it was demonstrated that the development of marginal groups
represented by subspecies level taxa (Greenland (Gadus macrocephalus ogac) and White Sea (Gadus morhua
marisalbi) cod) occurred in the late Holocene in a similar scenario, but in different regions and from different
initial forms. The development of these reproductively independent cod groups was a result of physiological
adaptations to arctic conditions in coastal northern water areas that developed under global cooling in the
Subboreal.
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INTRODUCTION
The members of the Gadus genus are marine

(forming accumulations), bottom, and bottom-
pelagic fishes that mastered the shelf and upper
bathyal of arctic and high-boreal regions of the Arctic,
Atlantic, and Pacific oceans. Cod at the species, sub-
species, and population levels produce a number of
forms, including those that are of great national eco-
nomic value [1].

Cod not only inhabits almost all shelf boreal water
areas in the Northern Hemisphere, but also spreads
into arctic waters. Thus, “demonstrating” a good con-
firmation of the ideas about zoogeographic faunistic
complexes [2, 3], cod moves to the arctic complex by
the formation of individual taxa specialized by a num-
ber of characteristics: White Sea and Greenland.

Different living conditions and high biological
variability of the cod generate a variety of forms and
lead to certain difficulties in interpretation of the sta-
tus of individual taxa. No less complex problems arise
during the analysis of the cod population structure,
ways of its resettlement, and peculiarities of forma-
tion.

For more than a century, researchers suggested dif-
ferent modifications of its structure using different
approaches to systemization in the Gadus genus,
applying different methods (from the fixation of the
appearance and morphobiological characteristics and

study of migrations to the study of features of the
genome structure). Thus, Greenland and White Sea
cod were considered to be different species [4]; they
represented subspecies of a single species [1] and were
reduced to a synonymy inside a single taxon [5]. At
present, despite long-term efforts, the situation
remains ambiguous. Thus, for example, their position
was clarified using, among other things, the results of
morphogenetic studies [6, 7], based on materials of
Svetovidov [8]. This was reflected in the last version of
electronic fish catalog of the California Academy of
Sciences [9], where White Sea and Greenland cod are
presented as subspecies level taxa: Gadus morhua mari-
salbi and Gadus macrocephalus ogac, respectively.
However, international Internet resources (FishBase,
FAO FishFinder, ITIS), based on the materials of
Walters [10] and Cohen et al. [11], still do not recog-
nize White Sea cod as an independent taxon, but per-
ceive it as Greenland cod expanding its range in the
eastern direction. Accordingly, there is no single suffi-
ciently detailed idea about the peculiarities of the
development of these taxa, stages, chronology, and
factors and mechanisms of the effect on them.

The aim of the present work is to detect peculiari-
ties of the development of modern structure of the
Gadus genus based on the analysis of polymorphism of
microsatellite loci using the methods of studying of
genetic differentiation and Bayesian cluster analysis,
taking into account the consideration of history of
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ciers of areas in Greenland and the White Sea depres-
sion, all this speaks in favor of the fact that both White
Sea cod and Greenland cod as reproductively inde-
pendent groups were developed in the Late Holocene
exactly under conditions of Subboreal cooling with
colder conditions as compared with modern ones.

Discussing the level of gene differentiation from
initial forms of Greenland and White Sea cod, one
should note an almost double excess of this indicator
in Greenland cod. As is known, two factors can be
responsible for the gene differentiation value in the
above listed populations: divergence time and gene
migration level [50]. The first of the factors should not
have a perceptible influence because of the similarity
of the time of development of marine conditions and
possible settlement of both Greenland fjords and the
White Sea depression. Thus, higher values of the gene
migration are responsible for a decrease in the gene
differentiation between White Sea cod and its initial
form (Atlantic cod). The effect of the Norwegian
coastal current distributed in the northeast direction
and passing through the mouth zones of Norwegian
fjords and coastal waters of Western Murman and fall-
ing into White Sea in a complex with the Barents Sea
feeding current (Deryugin current) can be one of the
physical mechanisms of the gene migration on the
basis of the limited transfer of the genetic material of
Atlantic cod from the Norwegian–Barents Sea stock
to the White Sea [51, 52].

Thus, using the genetic and hierarchical analyses, the
scenario of the development of marginal groups of
Greenland and White Sea cod, the development of the
gene migration level, etc., was clarified; this makes it pos-
sible to confirm their taxonomic heterogeneity and sub-
species status (G. macrocephalus ogac and G.morhua
marisalbi, respectively).

Along with data on genetic analysis, the develop-
ment of a reasonable scenario of the formation linked
to geochronological, geological, climatic, and ocean-
ological changes is an important moment during the
establishment of taxonomic status. The presented
results of genetic analysis not only support the sce-
nario of the development of a two-species Gadus genus
structure but also provide an opportunity to detail the
peculiarities of the development of taxonomic hierar-
chy levels and to clarify the chronology of individual
events. Thus, at the beginning of the Pliocene (initially
after the first opening of the Bering Strait over the past
100 million years), the cod supergroup, which unites
the North Atlantic, Arctic, and North Pacific popula-
tions, was apparently developed. Middle Pliocene
regression, which led to the closing of the Bering Strait
and a gap in the single range of cod, is a starting point
(approximately 3.2–3.0 million years ago) of evolu-
tion of North Atlantic and North Pacific cod popula-
tions independent of each other. The presented mate-
rials deny other existing scenarios of the development

of the Gadus genus: with monotypic and three-species
structures [1, 9].

According to the results of genetic analysis, it was
demonstrated that the formation of marginal groups
adapted to arctic conditions represented by the sub-
species level taxa (Greenland cod (G. macrocephalus
ogac) and White Sea cod (G. morhua marisalbi))
occurred in the Late Holocene in a similar scenario,
but in different regions and from different initial
forms.
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