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BRIEF COMMUNICATION

First mtDNA sequencing of Volga and Ob basin taimen
Hucho taimen: European populations stem from a late

Pleistocene expansion of H. taimen out of western Siberia
and are not intermediate to Hucho hucho

S. Marić*, S. Alekseyev†, A. Snoj‡, O. Askeyev§, I. Askeyev§ and
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(Received 25 February 2014, Accepted 17 April 2014)

New concatenated mtDNA sequences (three genes; n= 22) of Siberian taimen Hucho taimen pri-
marily from west Siberian and European regions of the species range were added to 12 previously
published sequences to provide a phylogeographic overview of the species. European samples show
only very minor divergence from west Siberian populations, supporting a late Pleistocene expansion
out of Siberia into the Urals, with no particular relation to the Danube basin huchen Hucho hucho as
once hypothesized. The disjunct distribution of the genus is most likely based on an early Pleistocene
vicariant event.

© 2014 The Fisheries Society of the British Isles

Key words: endangered species; H. bleekeri; Urals; vicariance.

Siberian taimen Hucho taimen (Pallas 1773) is among the largest and the most endan-
gered member of the Salmonidae family (Holčik et al., 1988). Its distribution area is
quite large, extending from the Ural Mountains east to the Pacific Ocean, and from the
Arctic Ocean south to northern Mongolia and China. Most of the species historic range
(83⋅8%) is present within the Russian Federation (Berg, 1948; Holčik et al., 1988;AQ1
Hogan & Jensen, 2013). Presently, H. taimen is sharply declining over much of its
range, primarily due to over exploitation and habitat loss. For these reasons, H. taimen
has been recently re-evaluated and listed as vulnerable (Hogan & Jensen, 2013). On
the western border of its range, however, where the species historically occurred in the

¶Author to whom correspondence should be addressed. Tel.: +43 316 380 5599; email:
steven.weiss@uni-graz.at
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2 S . MARIĆ ET AL.

upper Volga, Ural and Pechora Rivers (Berg, 1948; Holčik et al., 1988; Askeyev et al.,
2013), most populations have already disappeared, and the species is listed as endan-
gered (Red Data Book of the Russian Federation, 2001). Hucho taimen is thought to
have been completely extirpated from the Upper Volga as well as from the Pechora and
Ural River basins, with the last remaining populations in the region occurring in the
Kama River basin, a large tributary of the middle Volga River (Hogan & Jensen, 2013).
Froufe et al. (2005) provided a phylogeographic overview of H. taimen across four

large river basins (Enisei, Khatanga, Lena and Amur) in central and eastern Siberia
based on the screening of three mitochondrial genes [control region (CR), ATP6
and NADH-1]. Two phylogroups were revealed, one corresponding to the Enisei and
Khatanga basins, and the other to the Amur and Lena basins. Data from the Ob and
Volga drainage systems, encompassing the western part of the species range, however,
have not yet been available. While the Ob is part of the Arctic drainage system, the
Volga flows into the Caspian Sea, and thus is part of the so-called Ponto-Caspian
system, to which the Black Sea and Danube River also belong. In the Danube basin,
huchen Hucho hucho (L. 1758), a globally endangered congener (Freyhof & Kottelat,
2008) is recognized as a distinct species from H. taimen. There are two competing
hypotheses on the evolutionary history of these two taxa: one is that Hucho colonized
the Danube basin post-glacially, and the other is that the genus previously had a
continuous distribution across Asia and Europe, with the genus going extinct across
most of the Ponto-Caspian basin, resulting in a vicariant distribution (Karaman, 1926;
Berg, 1949). This raises interest on the genetic distinction of H. hucho in the western
part of its range, and especially in the Volga drainage basin. Additionally, Hensel
& Holčik (1983) and Holčik et al. (1988) proposed that H. hucho and H. taimen
are conspecific noting that hybrids are fertile and no morphological characteristic
can distinguish them. The only subtle difference, according to Holčik et al. (1988),
appears to be colouration:
‘ . . . ..in the spawning season, but often beyond it, the posterior and ventral parts

of the body [H. taimen] are raspberry red or bright orange, either all over or in the
form of large blotches only. The corresponding colouration of the huchen is copper
red, and occurs on the sides and the dorsal surface of the body.Occasionally, there are
individuals with larger oval blotches on the belly, too. It is remarkable that in the taimen
the red colour reaches to the anal and caudal fins… , which has never been observed
in [H. hucho] . . . .Exceptions are provided by certain populations of [H. taimen] in
streams draining the Ural Mts., which form a kind of transition to the nominate form,
as they lack the red coloration of their anal and caudal fins.’
Uncertainty concerning the phylogenetic distinction of H. taimen in the European

portion of their range could influence the conservation status of these populations as
well as future restoration attempts. The first comparison of mtDNA variation across
the entire range of H. taimen, including the first mtDNA sequence evaluation from
individuals captured in the Ob and Volga River drainages are provided. Five H. taimen
individuals from the Kama River system (two from the Vishera and three from the
Beterja River) and 17 individuals from the Ob basin (two from the Biya, five from the
Pyzha, five from theMrassu and five from the Bol’shoi Kemchug River) were collected
opportunistically from licensed anglers or from the Ural region, under a survey permit
between 2005 and 2012 (Table I and Fig. 1). Total DNA was isolated from fin tissue
preserved in 96% ethanol as described (Sambrook et al., 1989). A total of 10 combined
mtDNA sequences previously determined for H. taimen and H. hucho (Froufe et al.,
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Fig. 1. Distribution areas for Hucho taimen, Hucho hucho and Hucho bleekeri and sampling site locations for
H. taimenwithin the Russian Federation. Names of sampling sites are listed in Table I. Populations sampled
in this study ( ) and those in Froufe et al. (2005) ( ) are indicated. The percentage of net mtDNA divergence
between the three allopatric species is shown ( ). Note that within the distribution range ofH. hucho there
is almost no relevant mtDNA variation (Weiss et al., 2011). Given at least a 2% divergence rate per million
years for the Hucho mtDNA molecule, distances correspond to at least 1⋅6–1⋅9 million years divergence
and thus approximates the early Pleistocene; note that the definition of the base of the Pleistocene epoch
has changed dramatically, now reaching back 2⋅58 million years (Gibbard et al., 2010).
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2005; Table I and Fig. 1) were also included in the analysis along with a corresponding
concatenated sequence from Sichuan taimen Hucho bleekeri Kimura 1934. For out-
group comparisons, two published concatenated sequences from lenok Brachymystax
lenok (Pallas 1773), the putative sister genus toHucho, and one concatenated sequence
of brook charr Salvelinus fontinalis (Mitchill 1814) were added. GenBank accession
numbers are presented in Table I.
The mtDNA fragments (tRNA-Proline, CR, ATP6 and NADH-1) were polymerase

chain reaction (PCR)-amplified and sequenced and analysed as described (Froufe et al.,
2005). Multiple genes are needed to achieve phylogenetic resolution, even across such
vast landscapes due to the low substitution rate in the genus (Weiss et al., 2011).
A 1668 bp long combined mtDNA sequence was composed of 68 bp tRNA-Pro, 490

bp from the CR, 627 bp from the ATP6 and 483 bp from the NADH-1 gene regions,
and resolved in all individuals. The number of polymorphic sites in eachmtDNA region
was approximately the same with 19 in the CR+ tRNA-Pro, 24 in the ATP6 gene and
20 in the NADH-1 gene defining a total of 16 unique haplotypes. There were only
three non-synonymous sites in the coding regions, two segregating in H. bleekeri in
the ATP6 gene and one in a single H. hucho individual in the NADH-1 gene. For
H. taimen from theKamaRiver system, two haplotypes were found. The first was found
in the Vishera River (Var01) (northern tributary to the Kama River) and the Beterja
River (Belaya drainage, southern tributary of the Kama River) and previously reported
from the Enisei and Khatanga basins (Froufe et al., 2005). The second (Vis01) was also
found in the Vishera River, and reported here for the first time (Table I and Fig. 1). For
the H. taimen from the Ob basin, two previously unpublished haplotypes Mra01 and
Pyz13 were found. Haplotype Mra01 was detected in all four Ob basin sample sites
(the Biya, Pyzha, Mrassu and Bol’shoi Kemchug), whereas the haplotype Pyz13 was
detected exclusively in the Pyzha River.
A phylogenetic tree was inferred using a maximum likelihood (ML) algorithm

(MEGA version 5; Tamura et al., 2011). For ML, the substitution model TN93+G+ I
(Tamura & Nei, 1993) was selected based on the Bayesian information criterion
(BIC) and Akaike information criterion corrected (AICc) (Nei & Kumar, 2000), using
the analysis models incorporated into MEGA version 5. A bootstrap consensus tree
inferred from 1000 replicates was chosen to represent the evolutionary history of the
taxa analysed (Felsenstein, 1985).
Phylogenetically, two haplogroups for H. taimen can be distinguished. The first con-

sisted of haplotypesVis01,Var1,Mra01 andPyz13 (theKama, Ob, Enisei andKhatanga
basins), which together with haplotypes Bol5 and Gram1 found in the Baikal (Enisei)
basin form a western haplogroup, whereas haplotypes from the Lena and Amur basins
form an eastern haplogroup (Fig. 2). Within the western haplogroup, haplotypes from
the Kama River system and Ob basins differ by one to three substitutions, whereas
across the entire western group there is divergence of up of 10 substitutions, corre-
sponding to a range of 0⋅06–0⋅60%. Haplotypes within the eastern group differ from
one to seven mutations, which corresponds to divergence range of 0⋅06–0⋅42%. The
divergence between individual haplotypes from the western and eastern haplogroups
of taimen ranged from 12 to 27 substitutions, or a net value of 0⋅9% (mean= 1⋅1%).
The net divergence between H. hucho and H. taimen was 1⋅6% (mean= 2⋅0%) and
between these taxa and H. bleekeri 1⋅6 and 1⋅9% (mean= 1⋅7–2⋅3%), respectively.
Hucho taimen from the Ural region clearly group genetically with other populations

ofH. taimen and their divergence from samples in the Ob basin is minimal, most likely
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Fig. 2. Phylogenetic reconstruction of mtDNA combined sequences based on CR+ tRNA-Proline, ATP6 and
NADH-1 using a maximum likelihood (ML) approach (Mega version 5). Sequences from Brachymystax
lenok and Salvelinus fontinalis are used for outgroup comparison; node support represents the per cent of
1000 bootstrap replicates.

reflecting relatively recent colonization from the Ob in the late Pleistocene. Froufe
et al. (2005) proposed that the western (Enisei and Khatanga) and eastern (Lena and
Amur) haplogroups are c. 0⋅5 million years divergent, although this estimate is based
on a standard mtDNA divergence rate for salmonids (2% per million years), which is
probably too fast for the genusHucho (Weiss et al., 2011). Note that a yet slower diver-
gence rate would simply support a yet older split. The minimum genetic divergences
of the Ob and Kama River haplotypes from the rest of the western phylogroup support
a relatively recent divergence and expansion out of Siberia. This hypothesis is rela-
tively well supported with palaeogeological data (Grosswald, 1979a, b, 1998; Kvasov,
1979; Mangerud et al., 2004; Svendsen et al., 2004), which revealed that during the
last glaciation ice sheets centred over the Barents and Kara Seas and expanded several
times onto mainland Russian Federation and blocked north-flowing rivers, such as the
Enisei, Ob, Pechora and Mezen. These events resulted in the formation of ice-dammed
lakes in the north-east of the Russian plain and in the west Siberian plain. These lakes
with reversed outlets and numerous spillways between different basins (e.g. Baltic,
White, Barents, Kara and Caspian) made it possible forH. taimen to expand fromwest-
ern Siberia (Kara basin) into European rivers of the Ural region (Caspian and Barents
basins). These data and inferences are further supported by the oldest palaeontological
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(a)

(b)

(c)

80 cm

52 cm

84 cm

Fig. 3. (a) Hucho taimen from the Kemchug River (Ob basin), (b) H. taimen the Kama River (Volga basin) and
(c) Hucho hucho from the Pielach River (Danube basin).

records of H. taimen in the area from the Belaya River basin, which dates from the late
Pleistocene and early Holocene (Nurmukhametov, 1997; Yakovlev et al., 2000). These
results also reject the hypothesis that H. hucho from the Danube is a late Pleistocene
or post-glacial colonizer from Siberia. The disjunct distribution of the genus thus more
likely results from a vicariant event based on habitat changes reaching back to at least
into the early Pleistocene (see Fig. 1). Additional support for a large-scale and rela-
tively old vicariant event is the fact that H. bleekeri of the upper Yangtze basin in the
Sichuan province of China are as closely related to H. hucho of the distant Danube
basin as they are to H. taimen. Considering the clear disjunct distributions of all three
Hucho species, and divergence times of at least 1⋅6–1⋅9 million years either vicari-
ance alone, or some level of vicariance in combination with ancient colonization in the
early Pleistocene and not post-glacial expansion must be responsible for the present
day distribution of the genus (Fig. 1).
Phenotypically, European H. taimen also appear more similar to Siberian H. taimen

than to H. hucho (Figs 3 and 4), although such body colouration exhibits consider-
able variability, especially in the spawning season. Nonetheless, the results support
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(a) (b)

Fig. 4. Colouration comparison of (a) spawning Hucho taimen from the Yodoma River (Lena basin) and (b)AQ3
Hucho hucho from the Pielach River (Danube basin). Colouration is representative but not indicative of
natural variation. Such bright red-orange caudal and especially anal fin colouration, however, is unknown
in H. hucho.

that H. taimen in the Urals, although critically endangered in the region, are a regional
population of the species with no direct evolutionary link to H. hucho in Europe.

This study was supported by the Ministry of Education, Science and Technological Devel-
opment of the Republic of Serbia (grant no. 173045). We thank C. Ratschan for use of the
photographs in Figs 3 (c) and 4 (a, b).
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Queries from the Copyeditor:

AQ1. To maintain consistency in the article, Russia has been changed to "Russian
Federation" throughout the article. Please check and confirm if this is appro-
priate.

AQ2. Please check and confirm if the edits made to Table I are appropriate.

AQ3. Can "Colouration" be changed to "colour" in the caption of Fig. 4? Please check
and confirm.
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