
INTRODUCTION
The genus Proterorhinus Smitt, 1899 has been consid-

ered a monotypic taxon (Miller 2004) until Stepien et al.
(2005) and Stepien and Tumeo (2006) found marked
genetic divergence between “freshwater” and “marine”
specimens of P. marmoratus (Pallas, 1814) with mito-
chondrial cytochrome b sequence data, concluding that
they comprise separate species, namely “marine” P. mar-
moratus sensu stricto in the Black Sea basin, and “fresh-
water” P. semilunaris (Heckel, 1837) in both the Black
Sea basin and North America (acclimatized populations).
Soon Freyhof and Naseka (2007) described a new fresh-

water species, P. tataricus Freyhof et Naseka, 2007, from
the Chornaya River in the Crimean Peninsula at
Sevastopol using morphological features only. They also
concluded that “marine” specimens from the Caspian Sea
basin likely represented another separate species, namely
P. nasalis (Filippi, 1863). These studies resulted in a new
taxonomic conception of Proterorhinus as polytypic
taxon including at least four species:
• P. semilunaris is distributed in the western part of the

Black Sea basin and eastern Aegean basin, entered in
water bodies of the North Sea basin and arrived in North
America in ballast of ships in 1991;
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Background. A new taxonomy of tubenose gobies of the genus Proterorhinus has been proposed recently.
However, some of taxonomic hypotheses have not been confirmed by recent genetic studies or seem not to cor-
respond with ecological features and genetic differentiation of these fishes. The aim of this paper was to test the
new taxonomy through a phylogeographic analysis of the fish from 15 sites in Southern Ukraine and Russia,
through analyzing the genotypes deposited in the GenBank and to define the range of those species.
Materials and methods. Fin clips were sampled from 52 specimens of tubenose gobies collected from 2003 up
to 2009 in 15 localities of the Ponto-Caspian basin. Genomic DNA for amplification of mitochondrial cyt b gene
fragment (about 408 bp) was extracted using the Diatom®DNA Prep 100. The haplotype MedianJoining
Network was constructed using the Network 4.5.1.0. software.
Results. Tubenose gobies from the Black Sea basin are represented by two euryhaline species historically dis-
tributed in different areas: P. semilunaris in the north-western part of the Black Sea basin (and possibly eastern
Aegean basin) and P. marmoratus in the north-eastern part. The hypothesis about freshwater and marine Black
Sea Proterorhinus species seems to be not probable. The validity of endemic Crimean P. tataricus is not con-
firmed, several independent findings presume it to be conspecific with P. marmoratus. Some Crimean rivers and
reservoirs are populated by P. semilunaris which could spread from the Dnieper River basin through the Severo-
Krymskyi channel or may be accidentally introduced. The populations from the Caspian Sea and Sea of Azov
basins represent the distinct evolutionary lineage of tubenose goby. But their taxonomic state should be analyzed
by further molecular genetic studies of a wide scope of Caspian samples.
Conclusion. The present data on the variability of the mitochondrial cyt b gene fragment in different tubenose
goby populations result in revision of some previous taxonomic hypotheses in this fish group. At the same time
further molecular genetic researches of Caspian populations seem to be the main tool for future development of
taxonomic conclusions.
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• P. marmoratus inhabits brackish waters in Sevastopol,
Crimea and never enters pure freshwaters;

• P. tataricus is freshwater species endemic for the
Chornaya River in Crimea;

• P. nasalis is distributed in Azov and Caspian Sea basins
and most likely in western Caucasus coast in Russia and
Georgia (Kottelat and Freyhof 2007).

The key presented for their identification (Kottelat and
Freyhof 2007) was based on a few morphometric charac-
ters demonstrating significant overlapping between popu-
lations of aforementioned species (number of anal fin rays
and number of total scales in midlateral series) and simul-
taneously subjected to the prominent size-age-related
variability in Proterorhinus populations: head length, eye
diameter, and interorbital distance (Smirnov 1986). That
is why further genetic studies of tubenose goby popula-
tions occurred both in marine and fresh waters from dif-
ferent sea basins seemed necessary to define actual struc-
ture of the genus (Vasil’eva 2007).

The first step in this direction was made by Neilson
and Stepien (2009) in their phylogeographic study of
tubenose gobies from 18 “freshwater and marine” locali-
ties from the Black and Caspian Sea basins and North
America by mitochondrial (cytochrome b and cytochrome
c oxidase subunit I) and nuclear (RAG1) DNA sequence
analysis, as well as multivariate morphological compari-
son of both genetically studied and museum materials.
Based on their results the present authors assert:

marked genetic and morphological divergence and
species-level separation between “freshwater” and
marine/brackish (=P. marmoratus) lineages, dating back
approximately 3.82–4.30 million years;

significant genetic and morphological differentiation
of freshwater lineages from the Black Sea (=P. semilu-
naris) and Caspian Sea (“may correspond with P. semi-
pellucidus” (Kessler, 1877)) basins, corresponding to an
estimated 0.92–1.03 million years, and they also presume
the existence of the fourth lineage within the Kumo-
-Manych Depression (Proterorhinus sp.) as well as

the probability that “marine” Caspian tubenose gobies
represent separate species P. nasalis different from fresh-
water species cf. P. semipellucidus. Moreover their mor-
phological data demonstrate that “key characters” pre-
sented by Kottelat and Freyhof (2007) have very low
diagnostic values even within not very large amount of
studied materials.

The aims of this study were to test the recently pro-
posed taxonomy of the genus Proterorhinus and to define
the range of the species by phylogeographic analysis of
the tubenose gobies from 15 localities attributed to differ-
ent sea basins, and particular samples from the Sea of
Azov basin and the Chornaya River in the Crimean
Peninsula, as well as genotypes previously deposited in
the GenBank database.

MATERIAL AND METHODS
Sampling. Specimens of tubenose goby were collect-

ed from 2003 to 2009 at 15 localities (Fig. 1, Table 1).

Anaesthetized fish or their pectoral fins were preserved
immediately in 96% ethanol for molecular studies. Later,
pectoral fins from large specimens were separated for
molecular studies, whereas fishes were transformed to
pure water and then to 75% ethanol for further including
in the ichthyologic collection of the Zoological Museum
of the Moscow State University (ZMMU), whereas small
specimens were retained in 96% ethanol for further
molecular studies only. Anaesthetized fish with prelimi-
nary extracted pectoral fins were preserved in 4%
formaldehyde solution since they were intended for
ichthyological collection and further morphological stud-
ies. Thus, most DNA analyzed materials belong to vouch-
er specimens kept in ZMMU; their numbers in museum
collection are presented in Table 1. Two individuals of
round goby, Neogobius melanostomus (Pallas, 1814),
from the Black Sea at the Chornaya River mouth,
Sevastopol, were sequenced and used as outgroup.

Molecular analysis. Molecular genetic analysis was
carried out using the mitochondrial cyt b gene fragment.
DNA was extracted from the tissues, fixed either in 96%
ethanol, using the Diatom®DNA Prep 100 (Izogen,
Moscow) extraction kit. Gene amplification products
were obtained with the help of PCR with primers specific
for the cyt b gene with Glu-(L14724) TGATAT-
-GAAAAACCATCGTTG and Cb2-(H15174)-CCCTCA-
-GAATGATATTTGTCCTCA (Kocher et al. 1989)
primers and using the reagent kit (Dialat, Moscow). The
results of amplification were analysed by electrophoresis
in 1.5% agarose gel in TBE buffer with addition of ethid-
ium bromide. Sequencing was performed using an ABI 3130
(Applied Biosystems, USA) sequencer. Sequence alignment
of the cyt b (about 408 bp) gene fragments obtained was per-
formed using the BioEdit 7 software program (Hall 1999).
Fst and P value, as well as π and Н values were computed in
ARLEQUIN 3.5 (Excoffier et al. 2005) software programs.
The gamma distribution coefficient α (0,2) was computed
by hierarchical likelihood ratio tests in Modeltest 3.7 pro-
gram (Possada and Crandall 2001). The best fit model cho-
sen was HKY +G (Hasegawa et al. 1985). Maximum like-
lihood (ML) tree was constructed in PhyML 2.4.4 program
(Guindon and Gascuel 2003), and Bayesian tree—in
MrBayes 3.1.2 program (Ronquist and Huelsenbeck 2003).

To testify non-random geographic grouping of haplo-
types and an inference of demographic processes as the
case of the geographic associations the haplotype Median
Joining Network was constructed using the Network
4.5.1.0. software (Bandelt et al. 1999).

Sequences determined for tubenose gobies in this study
were deposited in the GenBank (Table 1), as well as both
sequences determined for round goby (n2 – HQ452491 and
n3 – HQ452492). In our analyses we also included haplo-
types of tubenose gobies deposited in the GenBank by
Neilson and Stepien (2009) in spite of several problems
with correct identification of their geographic localities
caused by discrepancy between mode of sample coding in
tables and different figures in their publication. For exam-
ple, their haplotype EU444608, designated as Pro5
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in the figure 4, should be attributed to the only specimen of
P. semilunaris from the Clinton River (USA) according to
the tables 3 and 4; but in the figure 4 this haplotype is marked
by letter “A” and thus should be treated as P. marmoratus

from the Dniester River (Neilson and Stepien 2009). Thus,
this haplotype, as well as some others with doubtful infor-
mation on their origin were not included in the present
study. The haplotypes from GenBank used for different
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Table 1
Sample localities, specimens number (n), numbers in museum collection, designation and number (in brackets) of

haplotypes and their GenBank Accession numbers. The localities are numbered according to Fig. 1

Fig. 1. Map showing (a) the capture locations of 15 studied samples and (b) the distribution of both mt genotypes
revealed in this study (identified by the same numbers as in Table 1) and mt genotypes from the GenBank (identi-
fied by last two figures from their numbers presented in Table 2 and marked with black colour): circles represent
Proterorhinus marmoratus clade, squares represent Azov-Caspian clade (designated as P. nasalis on Figs. 2 and 3),
triangles represent P. semilunaris clade and the asterisk represent the only haplotype revealed in the Kumo-
-Manych Depression presented in the GenBank

a

b

No. Locality n Museum
number Haplotype

1 Zelenchuk R., Krasnodar District, Kuban R. drainage,
Sea of Azov basin 6 P-21467 p1 = HQ452493 (3), 

p4 = HQ452494 (3)
2 Beisug R., Krasnodar District, Sea of Azov basin 3 P-21466 p1 (1), p4 (2)
3 Abin R., Krasnodar District, Kuban R. drainage, Sea of Azov basin 6 P-22059 p4 (6)
4 Mius R., Ukraine, Sea of Azov basin 2 P–21288 p4 (2)

5 Severskyi Donetz R., Rostov District, Don R. drainage,
Sea of Azov basin 4 — p4 (3),

p24 = HQ452498 (1)

6 Matyra R., Tambov District, Don R. drainage, Sea of Azov basin 4 P-22206 p4 (3),
p35 = HQ452500 (1)

7 Volgograd Reservoir, Volgograd District, Caspian Sea basin 2 P-22207 p4 (2)
8 Malyi Uzen’ R., Saratov District 2 — p4 (2)
9 Bol’shoy Uzen’ R., Saratov District 1 — p4

10 Streletskaya Bay, Sevastopol, Black Sea 3 P-22153 p7 = HQ452495 (2), 
p9 = HQ452496 (1)

11 Kazachya Bay, Sevastopol, Black Sea 4 P-22152 p7 (4)

12 Black Sea at Chornaya R. mouth, Sevastopol 10 P-22155 p7 (9),
p31 = HQ452499 (1)

13 Chornaya R. main stream, Crimean Peninsula 1 P-21347 p7 (1)
14 Donuzlav Lake, Crimean Peninsula 3 — p7 (3)
15 Salgir R., Crimean Peninsula 1 — p23 = HQ452497 (1)

G



analyses and their identification in tables and figures are
presented in Table 2 (similar haplotypes have the same
identification).

To elucidate the association of phylogenetic relations
among tubenose gobies with geographic locations five
population groups were analyzed:

1) from the north-western part of the Black Sea (to the
west from the Crimean Peninsula);

2) populations from the Caspian Sea basin;
3) population from the Chernozemel’sky collector repre-

sented by a single specimen with haplotype from GenBank;
4) populations from the eastern-north part of the Black Sea;
5) populations from the Sea of Azov basin (see Tables 3–5).

These groups included both haplotypes revealed in this
study and aforementioned haplotypes from GenBank.

RESULTS
mtDNA genotypes. A total of 45 cytochrome b gene

sequences (408 bp) (GenBank accession Nos.
HQ452493–HQ452500) were obtained for Proterorhinus
populations. Additionally, two sequences of the fragment
cytochrome b gene (408 bp) (GenBank accession Nos.
HQ45249–HQ452492) were obtained for Neogobius
melanostomus. For the cytochrome b Proterorhinus gene
fragment, a total of 8 haplotypes were described, and two
haplotypes were described for the out-group represented
by Neogobius melanostomus. Table 3 presents nucleotide
variation π and haplotype diversity index H for different
geographic groups of Proterorhinus, whereas Fst and P
values are represented in Table 4.

Phylogenetic analysis. Both the maximum likelihood
and Bayesian analyses of Proterorhinus cyt b haplotypes
demonstrate enough similar topologies of their trees
demonstrating two main clades with high bootstrap sup-
port for each of them (Figs. 2, 3). The first clade combines
haplotypes from different localities in the Black Sea off
Sevastopol and from Donuzlav Lake, including haplo-
types from the Chornaya River, both from its delta and the
main stream, as well as the group of haplotypes from the
GenBank identified by Neilson and Stepien (2009) as
“marine” P. marmoratus: from Odessa Bay, Sukhoy and
Tyligul Estuaries, Dniester delta, and Black Sea off
Sevastopol (Fig. 1). The second clade includes two sub-
clades more clear separated by the maximum likelihood
analysis (Fig. 3). The first of these clades combines hap-
lotypes from different localities in the Sea of Azov basin,
from the Don and Kuban rivers drainages, and Volgograd
Reservoir (Volga River basin) as well as haplotypes from
the GenBank identified by Neilson and Stepien (2009) as
“freshwater” Proterorhinus cf. semipellucidus (Buzuluk R.,
Volgograd and Rybinsk Reservoirs, Volga R., and
Chograiskoye Reservoir). The second subclade combines
the haplotype from the only specimen from the
Chernozemel’sky channel and the group of haplotypes
including the haplotype from the Salgir River (Crimean
Peninsula) and haplotypes from the GenBank identified
by Neilson and Stepien (2009) as “freshwater” P. semilu-
naris (Simferopol Reservoir, Dniester and Dnieper rivers,
Kuchurgansky Reservoir, Odessa Bay and North
American acclimatizers).
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Table 2
The haplotypes of Proterorhinus specimens from the GenBank used in the study

and their designation in Figs. 1–4

GenBank accession number Designation 
EU444604, EU444612 04
EU444605, EU444607 05
EU444606 06
EU444610, EU444630 10
EU444611 11
EU444616, EU444620, EU444621, EU444624, EU444637, EU444647, EU444655 16
EU444617 17
EU444622, EU444653, EU444638 22
EU444623 23
EU444625, EU444626, EU444632, EU444660, EU444661 25
EU444631 31
EU444636 36
EU444643 43
EU444649 49
EU444650 50
EU444656 56
EU444658 58
EU444663 63
EU444666 66



Haplotype network is consistent with tree-based lin-
eages delimitation (Fig. 4). Main tubenose goby haplo-
type groups are well associated with geographic location,
except several haplotypes including in geographically dis-
tant group, namely haplotypes from the Salgir River and
Simferopol Reservoir among the haplotypes of the north-
western Black Sea group and several haplotypes from the
north-western Black Sea populations gathering with the
haplotype group from the Black Sea at Sevastopol.
It should be marked that the last haplotype group is the
most diverged from the others. And the group of haplo-
types from the Caspian Sea and Sea of Azov basin is
defined as intermediate group more related with the north-
western Black Sea haplotypes.

The analysis of geographically separated popula-
tion groups demonstrates the highest both nucleotide and
haplotype diversities among tubenose populations distrib-
uted in the north-western part of the Black Sea (Table 3).
The populations occurred in the Sea of Azov basin
exhibits extremely reduced levels of diversity, whereas
tubenose gobies from the Caspian Sea basin are character-
ized by significantly higher haplotype diversity, but low
nucleotide diversity. Both the Caspian and Azov popula-
tion groups possess close related haplotypes with low
numbers of nucleotide rearrangements caused by transi-
tions, substitutions and transversions (Table 5) that is con-
sistent with their close grouping together by haplotype
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Table 3
Haplotype (H) and nucleotide ([) diversity values
(mean value and SD) in different (1–5) geographic

population groups of Proterorhinus designated
as in the Material and methods

Estimate 1 2 4 5
H 0.91 ± 0.04 0.67 ± 0.16 0.56 ± 0.13 0.40 ± 0.11
π 0.072 ± 0.036 0.021 ± 0.002 0.035 ± 0.018 0.001 ± 0.001

G
Table 4

Population pairwise Fst and P value estimates
for different geographic population groups

of Proterorhinus designated as in the Material
and methods and N. melanostomus (6) obtained

by using data from the mitochondrial cyt b

Fst values were significant (*) with P < 0.05.

Group 1 2 3 4 5 6
1 0
2 0.385* 0
3 0.103 0.934 0
4 0.179* 0.737* 0.668 0
5 0.543* 0.204* 0.959* 0.828* 0
6 0.660* 0.988* 0.987 0.816* 0.992* 0

I

Fig. 2. Bayesian consensus tree resulting from the analy-
sis of Proterorhinus cytochrome b (408 bp) haplo-
types identified by the same numbers as in Tables 1
and 2 and Fig. 1. Neogobius melanostomus samples
(n) are taken as out-group; Numbers near branches
indicate maximum likelihood bootstrap values (only
values P > 0.5 are shown) followed by Bayesian pos-
terior probabilities; (*) The identification of this sub-
clade as P. nasalis is preliminary and needs further
studies (see the text)

Fig. 3. Maximum likelihood analysis of Proterorhinus
cytochrome b (408 bp) haplotypes identified by the
same numbers as in Tables 1 and 2 and Fig. 1.
Neogobius melanostomus samples (n) are taken as out-
group; Numbers near branches (only values P > 50 are
shown) indicate maximum likelihood bootstrap sup-
port (1000 pseudoreplications); (*) The identification
of this subclade as P. nasalis is preliminary and needs
further studies (see the text)



network analysis and the absence of high diverged unique
haplotypes (Fig. 4). The statistical significance of popula-
tion differentiation tested by Fst for all geographic popula-
tion groups are high and testify to significant (P < 0.05)
genetic isolation between them, except the tubenose goby
from Chernozemel’sky channel demonstrating insignifi-
cant differences from most of other groups (Table 4).

DISCUSSION
As a whole, our results are similar to ones obtained by

Neilson and Stepien (2009) and testified to taxonomic
diversity of tubenose gobies. But the expanding of areas of
molecular genetic investigations, as well as the including
of general biological approaches in data analysis allows us
to revise some previous hypotheses about taxonomy, zoo-
geography and evolution of tubenose gobies and to try to
answer some important questions presented below.

1. Are there true marine and freshwater tubenose
goby species in the Black Sea basin? Indeed, haplotypes
from different localities within the Black Sea basin form
two separate lineages with high level of genetic diver-
gence (Neilson and Stepien 2009; this study). But careful
analysis of these lineages demonstrates that they cannot
be classified as true “marine” and “freshwater” Black Sea
lineages. Exactly, gobies with haplotypes from “freshwa-
ter” clade sensu Neilson and Stepien comprise 22.7% of
fishes collected in the Odessa Bay with water salinity
14–17 ppt. On the contrary, in the Dniester River delta
with salinity 0–2 ppt there were 33.3% of gobies with

“marine” haplotypes (Table 6, calculated by the data from
Neilson and Stepien 2009). Sympatric distribution of
these haplotype lineages in aforementioned localities are
presented in Fig. 1. Moreover, all of 15 specimens collect-
ed in the Tyligul Estuary with salinity 4 ppt had “marine”
haplotypes (Neilson and Stepien 2009), and the specimen
caught in fresh water of the Chornaya River possessed the
haplotype (p7) clustered together with “marine” haplo-
types (this study). According to these data, both “marine”
and “freshwater” Black Sea lineages should be treated as
euryhaline species dwelling in waters with salinity vary-
ing from 0 ppt in rivers and reservoirs up to 18.2 ppt in
Donuzlav Lake and several Black Sea bays (Kuftarkova et
al. 2008, Manilo 2009a). It should be also emphasized that
specimens from both phylogenetic lineages are common-
ly found in marine bays and estuaries (Miller 2004,
Naseka et al. 2005, Antsulevich 2007, Manilo 2009a, b,
our unpublished data), where the salinity changes regular-
ly. For example, the water salinity of the Sevastopol Bay,
where we collected numerous samples of tubenose gobies
(“marine” clade according this study) at the Chornaya
River mouth in July 2008, varies in different parts, levels
and seasons from 9.72 to 18.32 ppt (Ivanov et al. 2006).
The salinity of the Odessa Bay, where were collected sam-
ples with both “marine” and “freshwater” haplotypes
(Neilson and Stepien 2009), varies in different coastal parts
in spring (May) from 5.50 up to 14.98 ppt and from 11.20
up to 16.80 ppt in Autumn and Winter (Anonymous 1999,
Tučkovenko et al. 2004).
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Fig. 4. Haplotype Median Joining Network for the Proterorhinus samples based on the cyt b gene fragment (408 bp)
data; A haplotype is represented by a circle; Each haplotype is identified by the same number as in Tables 1 and
2 and Figs. 1, 2, and 3; each line length is related with the number of evolution steps presented at the line;
Haplotypes p4 and p35 join in p4, p7 and p31 join in p7 in this analysis

Table 5
Molecular diversity indexes for different

geographic population groups of Proterorhinus
designated as in Table 4

Index 1 2 4 5 6
No. of transitions 44 1 42 3 0
No. of transversions 12 1 13 1 1
No. of substitutions 56 2 55 4 1
No. of transition sites 43 1 42 3 0
No. of transversion sites 12 1 13 1 1
No. of substitution sites 54 2 53 4 1

L

Table 6
The numbers of “freshwater” and “marine”

haplotypes, their GenBank accession numbers (designat-
ed as in Table 2, in brackets) (before slash) and
specimens with these haplotypes (after slash)

in different localities with salinity (parts per thousand)
according to the data from Nielsen and Stepien (2009)

Locality Salinity
(ppt)

“Freshwater” 
haplotypes

“Marine”
haplotypes

Dniester R. delta 0–2 9 (25, 58–65) /10 3 (21, 23, 24) /5

Odessa Bay 14–17 4 (25–28) /5 12 (17, 21, 23, 24, 
35, 45, 52–57)/17



It should be also mentioned, that the hypothesis about
marine and freshwater lineages of tubenose gobies looked
initially questionable because of known data on their dis-
tribution, ecology, and invasive expansions (Miller et al.
2004, Prášek and Jurajda 2005, Von Landwüst 2006,
Karpova 2009, Manilo 2009, Galanin 2009,
Semenchenko, 2011). For instance, even recently
described “freshwater” P. tataricus is recorded both from
“brackish estuary of stream Chornaya” and upstream
localities from river section “about 25–30 km long”
(Freyhof and Naseka 2007, Kottelat and Freyhof 2007).
However, the estuary of the Chornaya River is character-
ized by very high variability of its salinity varying from
2.82 up to 16.17 ppt in superficial layers and from 14.34
up to 17.58 ppt at the bottom (Boltačëv et al. 2010).

Thus, aforementioned hypothesis about freshwater and
marine Black Sea Proterorhinus species obviously should
be rejected. Instead, two evolution lineages of haplotypes
observed among the Black Sea basin samples should be
considered as euryhaline separate species historically dis-
tributed in different areas, namely P. semilunaris in the
western part of the Black Sea basin (and possibly eastern
Aegean basin) and P. marmoratus in north-eastern part of
the Black Sea basin (possibly including Georgia), as it was
earlier accepted by Kottelat and Freyhof (2007). In this
case the presence of haplotypes from both lineages in the
Odessa Bay and the Dniester Delta following from data
presented by Neilson and Stepien (2009) and revealed in
this study (Fig. 1) should be explained by recent expansion
and secondary contact of these species. The previous
hypothesis could not explain mixed nature of genetically
studied samples from these localities. Whereas a new con-
cept is consistent with high haplotype and nucleotide
diversities observed in north-western Black Sea geograph-
ic population group (Table 3).

2. Is P. tataricus valid species? The haplotype clade
from the north-eastern part of the Black Sea correspon-
ding to P. marmoratus sensu stricto includes specimens
from both estuarine and freshwater parts of the Chornaya
River in the Crimean Peninsula. Moreover, tubenose gob-
ies from the Kazachya Bay and Donuzlav Lake possessed
the same haplotype (p7) as the specimen from the fresh-
water part of the Cornaya River, and fishes with this hap-
lotype dominated (Table 1) in the samples from the
Streletskaya (66.7%) and Sevastopol Bay (90%). Thus,
the same haplotype most probably was intrinsic to the
holotype of Gobius marmoratus described from
Sevastopol. In such a way molecular analysis does not
confirm validity of P. tataricus described from the
Chornaya River after comparative morphometric analysis
(Freyhof and Naseka 2007). Despite of required further
study on nuclear genome in different populations of
tubenose gobies, it should be emphasized that aforemen-
tioned morphological analysis has been conducted by
using sets of samples later proved to be genetically het-
erogeneous. Indeed, P. marmoratus sensu Freyhof and
Naseka (2007) combines samples from the Sevastopol
Bay (and other eastern-north Black Sea localities) geneti-

cally identified as P. marmoratus, as well as samples from
Bulgaria, Romania, and other western Black Sea localities
genetically confirmed as P. semilunaris (see Neilson and
Stepien 2009, this study). Therefore, it is not surprising,
that further preliminary morphological studies reveal high
variability of P. tataricus key characters in different
tubenose goby population and their poor diagnostic value
(Karpova 2009, Neilson and Stepien 2009, our unpub-
lished data) also testifying to probable conspecificity
of P. tataricus and P. marmoratus.

Apart from genetic and morphological evidences
tubenose gobies occurred in the Chornaya River certainly
belong to typical euryhaline populations of P. marmora-
tus. Freyhof and Naseka (2007) “identified” as P. tatari-
cus at least seven specimens caught in “brackish estuary
of stream Chornaya” (p. 328). But as it was mentioned
above, this estuary is characterized by considerable hori-
zontal gradients and strong stratification of superficial and
benthonic salinity (Boltačëv et al. 2001, Karpova 2009)
reaching 18.0–18.1 ppt in several seasons and depth
(Ivanov et al. 2006). In any case its water should be char-
acterized as pleiomesohaline-polyhaline zone, not signifi-
cantly differed from other parts of the Sevastopol Bay
(see above) populated by “marine” P. marmoratus.
Karpova (2009) reported P. marmoratus from the
Chornaya River mouth, we also found a lot of small
tubenose gobies in the Chornaya River estuary and neigh-
bouring sea waters in July 2008. Therefore there are no
reasons to presume any isolation between tubenose gobies
from the Chornaya River and other local populations of
P. marmoratus dwelling in the Sevastopol Bay.

Incomplete molecular studies of tubenose goby popu-
lations through the whole Proterorhinus area create obsta-
cles to develop a complete evolutionary scenario for this
species group. However, the concept of divergence times
estimated for different phylogenetic lineages by Neilson
and Stepien (2009) presumes that “the first major division
within Proterorhinus occurred approximately 4.2–4.4
Mya, separating the marine and freshwater taxa” (p. 678).
This estimate undoubtedly refutes any assumption on
endemic freshwater Proterorhinus species in the Chornaya
River in Crimea. In concordance with major geological
events in the Ponto-Caspian basin the freshwater fauna of
the Chornaya River is supposed to be isolated from the
recent freshwater fauna of the northern coast of the Black
Sea basin since the Paleocene period (Puzanov 1949),
about 60 Mya. This fauna includes several endemic
species, for instance, one species of simuliids, one subter-
ranean amphipod, and two endemic fish species, namely
Cobitis taurica Vasil’eva, Vasil’ev, Janko, Ráb et Rábová,
2005 (Cobitidae) and Gobio taurica Vasil’eva, 2005
(Cyprinidae) (Vasil’eva et al. 2005). In this case P. tatari-
cus had to be “older” than “freshwater” group of tubenose
goby, but it was not discovered in fresh waters of Crimea
(Delâmure 1964) up to the end of 20th century.

3. What tubenose goby species occurs in several
Crimean rivers and reservoirs? The evolution lineage
of tubenose goby corresponding to species P. semilunaris
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includes haplotypes from the north-western part of the
Black Sea basin but also haplotypes from so called Steppe
Crimea (lowland part of the Crimean Peninsula zoo-geo-
graphically differed from the south-eastern Mountain
Crimea): the Salgir River and Simferopol Reservoir organ-
ized on this river (Neilson and Stepien 2009, this study,
Fig. 1). That is why north-eastern Black Sea population
group included both coastal and freshwater populations
from Crimean Peninsula shows enough high nucleotide
and haplotype diversities (Table 3, group 4). However, this
phenomenon should not be related with historical distribu-
tion of mentioned species, but caused by anthropogenic
factors. Certainly, the populations of P. semilunaris in
freshwaters of Crimea are not native because up to the end
of 20th century Neogobius fluviatilis (Pallas, 1814) was
the only goby species revealed there (Delâmure 1964).
Consequently, these tubenose gobies could spread from
the Dnieper River basin through Severo-Krymskyi chan-
nel connected the Dnieper River and Crimean freshwaters
and then widely distributed through smaller channels. It
should be mentioned that P. semilunaris is characterized
by rapid colonization of new habitats (Naseka et al. 2005,
Prášek and Jurajda 2005, Manné and Poulet 2008).
Another possible source of the penetration of north-west-
ern gobies in Crimean Peninsula could be an accidental
introduction caused by acts on acclimatization of econom-
ic-valuable fishes in Crimean reservoirs. As a result, they
were found by J. Freyhof (see Freyhof and Naseka 2007)
in several Crimean rivers, namely Al’ma and Kacha. The
same reasons resulted in an appearance of spined loach
Cobitis taenia Linnaeus, 1758 (Cobitidae, Cypriniformes)
in the Al’ma River, Crimea. This finding should not be
treated as colonization from presumed refugial population
(Culling et al. 2006), because historically C. taenia was
absent in the Al’ma River.

4. How many tubenose goby species occur in the
Caspian Sea and the Sea of Azov basin? The third dis-
tinct evolutionary lineage of tubenose goby is represented
by populations distributed after realization of irrigation
and damming programs in the Sea of Azov basin, the
Kuban and Volga River drainages, as well as in isolated
rivers (Bol’shoi and Malyi Uzen’) of Saratov District of
Russian Federation and Kazakhstan and in the
Chograiskoye Reservoir in Kalmykiya (Figs. 1–3, Table
1). As a result of recent artificial connections between his-
torically independent river systems and high potentiality
for fast expansion characterized for tubenose gobies, it is
very problematic to define native or alien origin of some
local populations and their Caspian or Azov relationships
in spite of significant differences revealed in this study
between Caspian and Azov population groups. For exam-
ple, Chograyskoye Reservoir was created on the Chograi
River, tributary of the Vostochnyi Manych River, histori-
cally connected through the Kalaus River with the
Zapadnyi Manych River (tributary of the Don River) but
isolated from the Caspian Sea. Today, the Kalaus River is
separated from the Vostochnyi Manych River, and
Chograyskoye Reservoir is filled by water from the

Kumo-Manych channel which is filled by the Terek-
Kuma channel. Thus, recent population of tubenose gob-
ies occurred in Chograyskoye Reservoir may have both
Caspian and Azov origins. One from two closely related
haplotypes revealed by Neilson and Stepien (2009) for
this population (EU444610) was also revealed in the
Caspian and Azov basins (Fig. 1). The same doubtful state
should be presumed for recent populations from the Volga
River connected with the Sea of Azov basin through the
Volga-Don channel. In this connection two taxonomic
hypotheses look probable from molecular analysis:

tubenose gobies from the third genetic lineage belong
to valid species P. nasalis widely distributed in the
Caspian and Sea of Azov basins (in this case P. semipel-
lucidus should by treated as its junior synonym);

the third genetic lineage represents separate species
historically distributed in the Sea of Azov basin and fur-
ther entered the Volga River basin (or historically distrib-
uted in the Azov Sea basin and Northern Caspian and pos-
sibly correspondent to P. semipellucidus), but this species
genetically differs from tubenose gobies dwelling in the
Caspian Sea basin (or in the Middle and Southern
Caspian) and classified as P. nasalis sensu stricto.

The second hypothesis is partially similar to afore-
mentioned conception assumed two Caspian species:
“truly marine” Caspian P. nasalis and “freshwater”
Caspian P. semipellucidus (Neilson and Stepien 2009).
But the last assumption failed to take into account ecolog-
ical peculiarities of tubenose gobies and was based on
incomplete genetic information (populations from the Sea
of Azov was not studied).

The first hypothesis about the only widespread Caspian-
Azov Sea tubenose goby species seems enough probable,
because specimens from both the Bol’shoi and Malyi Uzen’
rivers flowing into isolated lakes of Kazakhstan belong to the
same clade with fishes from the Sea of Azov basin and the
Volga River (Figs. 2–4). This conception of widely distrib-
uted P. nasalis is accepted by Kottelat and Freyhof (2007).
However, a single specimen from the Chernozemel’skyi
channel (the Kumo-Manych Depression) with its significant-
ly diverged haplotype may be considered as possible evi-
dence for the second hypothesis. Indeed, the
Chernozemel’skyi channel is connected with Chograyskoye
Reservoir. But, as it was mentioned above, its recent ichthy-
ofauna should have Caspian and/or Azov roots. Accordingly,
the diverged specimen from the Chernozemel’skyi channel
may belong to Caspian P. nasalis sensu stricto different from
other genetically studied populations of separate species
from the Sea of Azov and Northern Caspian basins. But
recent study demonstrates indefinite state of tubenose goby
from the Chernozemel’skyi channel. Any solution needs fur-
ther molecular genetic studies of Caspian tubenose goby
populations.
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