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The phylogenetic relationships among gudgeons that represent most nominal taxa within Gobio gobio
sensu lato were examined by mitochondrial and nuclear genome sequencing. The molecular analyses
confirmed the separate generic status of Gobio as a monophyletic group and revealed 15 Eurasian lin-
eages divided into two main clades, the Northern European and the Ponto-Caspian. The validity of eleven
nominal taxa as distinct species was confirmed, gudgeons from the Volga River basin were described as a
new species G. volgensis, and three revealed phylogenetic lineages were submitted for a comprehensive
revision as “species-in-waiting”. The species G. gobio showed a wide range extending from the British
Isles to the Black Sea coast and overlapped the areas of several other species. Four pure lineages were
detected in the middle Danube River basin. The Crimean Peninsula was found to be a region with the
occurrence of individuals of hybrid origin. This region will require special investigation to define species
participating in hybridization events, and to establish further steps for the conservation of endemic
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New species called “S7indel diagnostics” is presented for further taxonomic investigations in the genus Gobio.
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1. Introduction

The genus Gobio Cuvier, 1816 belongs to the subfamily Gobion-
inae, which is part of the large family Cyprinidae. Its distribution
reaches from Spain and the British Isles to the far East and North-
ern China, and its representatives live in all types of waters, i.e., in
standing and flowing waters, in freshwaters and in some cases
found in brackish waters. The Palaearctic gudgeon G. gobio (Lin-
naeus, 1758) sensu lato is a complicated species especially in terms
of taxonomy, due to its exceptional phenotypical diversity, and is
therefore considered one of the most variable fish species in Eur-
ope (Banarescu et al., 1999). G. gobio sensu lato includes many sub-
species and local forms described in the past, whose validity is
under extensive discussion now. For example, Naseka et al.
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(2006) argue that most of the designations attached to these fish
do not have a real basis, as they apparently arose as artifacts due
to the combination of inadequate material, discrepancies in the
use of different species concepts, language barriers and an insuffi-
cient attention to detailed morphological studies (analogous to
Kottelat, 1997; Kottelat and Persat, 2005). Moreover, we have
noticed several descriptions of newer species of the genus Gobio
from different geograghical areas which were derived from
incomplete information, being based solely on morphological data
(Freyhof and Naseka, 2005; Kottelat and Persat, 2005; Naseka et al.,
2006). On the other hand, several genetic investigations show signs
of a more comprehensive approach to gudgeon phylogeny and
taxonomy (Doadrio and Madeira, 2004 along with Madeira et al.,
2005; Bianco and Ketmaier, 2005).

This study is an attempt to adopt a comprehensive approach as
well, as it is based on morphologically defined specimens of several
nominal Gobio taxa from type localities or their close surroundings,
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which were subjected to analysis by molecular markers of both
mitochondrial and nuclear genomes.

The main aim of this study was to evaluate the validity of par-
ticular species and subspecies of the genus Gobio and to estimate
phylogenetic relations between them, and thus gain a clear view
of the taxonomy of gudgeons, to identify “species-in-waiting,”
and to propose that several previously described species/subspe-
cies should be subject to a comprehensive revision. Furthermore,
we wanted to introduce new information in the genetic field of this
genus, including diagnostic markers.

2. Materials and methods
2.1. Sample collection

In the period from 2000 to 2006, 139 gudgeon specimens were
collected from 43 localities (see Table 1), which represented areas
of the most nominal taxa included in G. gobio s. lato (Fig. 1). The spe-
cies Rhodeus ocellatus and Sarcocheilichthys microoculus were se-
lected as outgroups (Table 1) based on recent knowledge of
phylogenetic relationships among cyprinid fishes (Cunha et al,
2002; Yang et al., 2006). Two species of the genus Romanogobio
(R. albipinnatus and R. frici) were also used for comparison. Voucher
specimens are deposited in the collections of the Department of Ich-
thyology of the Institute of Vertebrate Biology, v.v.i. (Brno, Czech
Republic) and Zoological Museum of the Moscow State University
(ZMMU).

2.2. DNA extraction, PCR amplification and sequencing

Total genomic DNA was extracted from a small piece of the
pectoral fin by proteinase K digestion followed by phenol-chlo-
roform-isoamylalcohol purification and ethanol precipitation
(Sambrook et al., 1989). Sequences of the control region (CR),
and the first intron of the S7 r-protein (S7) were amplified by
polymerase chain reaction (PCR) with primers specified in Table
2. PCRs were performed in 50 pl volume containing 10 mM Tris—
HCl, 50 mM KCl, 0.1% Triton X-100, 1.5 mM MgCl,, 0.2 mM
dNTPs, 0.2 uM each primer, 2.5U Taq DNA polymerase (Top-
Bio) and approximately 100-500 ng of genomic DNA. Reactions
were performed in TGRADIENT Thermocycler (Whatman Biome-
tra) under the following conditions: CR: 95 °C for 1 min, followed
by 37 cycles of 94 °C for 45 s, annealing at 52.6 °C (the first frag-
ment) and 54.8 °C (the second fragment) for 30 s, and an exten-
sion temperature of 72 °C for 45 s, followed by a final extension
at 72°C for 5min. In some cases, other pairs of primers
(STIR_CR) were used under the following conditions: 95 °C for
3 min, followed by 34 cycles of 95°C for 30s, annealing at
55.0°C for 30s, with an extension temperature of 72°C for
1 min, and a final extension at 72 °C for 5 min. S7: 95°C for
1 min, followed by 30 cycles of 94°C for 45s, annealing at
52.4°C for 30s, and an extension temperature of 72°C for
25s, with a final extension at 72 °C for 5 min. The PCR products
were visualized by mini-gel electrophoresis using ethidium bro-
mide staining and 1.7% agarose gels. The PCR products were
purified by means of precipitation PEG/Mg/NaAc (26% Polyethyl-
ene glycol, 6.5mM MgCl,-6H,0, 0.6 M:-NaAc-3H,0). Direct
sequencing of purified PCR products was performed with the
BigDye™ Terminator Cycle Sequencing Ready Reaction Kit version
1.1 (Applied Biosystems) according to the manufacturer’'s
instructions, and purified with EtOH/EDTA precipitation. The
sequencing was performed on an ABI PRISM 310 Genetic Ana-
lyzer (Applied Biosystems). All PCR amplicons were multiple se-
quenced from both directions to ensure high quality reads. The
DNA sequences were edited and aligned using the Seqman mod-

ule within Lasergene v. 6.0 (DNASTAR Inc.) and also checked
manually. The accuracy of the sequence was confirmed by com-
parison with the NCBI database.

2.3. Phylogenetic analyses

The web-based ModelTest 3.8 program was used to ascertain
the best-fit model of nucleotide substitution for separate nuclear
and mitochondrial regions (Posada, 2006). Phylogenetic relation-
ships among the two gene sequences were examined using the
neighbour-joining (NJ) algorithm, the criteria of optimality: max-
imum parsimony (MP) and maximum-likelihood (ML), as well as
using*Bayesian inference (BI). The sequences were imported into
PAUP 4.0B.10 (Swofford, 2002) and MrBayes 3.1.2 (Ronquist
and Huelsenbeck, 2005) for phylogenetic analysis. For NJ analysis,
DNA distances were calculated. Non-parametric bootstrap analy-
ses with 1000 pseudo-replicates were performed to obtain sup-
porting estimates for each node of the NJ trees. For MP tree
construction, unweighted parsimony analysis using a branch-
and-bound search was used. The confidence levels in the resulting
relationship were assessed using the bootstrap procedure with
1000 replications. ML search was performed under the best-fit
model with the branch-and-bound algorithm on 100 bootstrap
replicates. Bayesian analysis was performed using MrBayes
3.1.2. Starting from a random tree, four Markov chains were run
for 1 x 10° generations with a sampling frequency of 100. The
best-fit models were then specified. The combined data set was
treated as two partitions with different models accounting for
their heterogeneity. We utilized the “unlink” command in MrBa-
yes 3.1.2 to unlink the following parameters: “unlink shape = (all)
statefreq = (all) revmat = (all)”. The application Tracer 1.2 (Ram-
baut and Drummond, 2003) was used to view the output of the
sump file generated by MrBayes. The trees generated prior to
reaching stationarity were discarded as burn-in. We then took
the resulting 50% majority rule consensus tree. Congruence
among tree topologies generated for the combined data (CR and
S7 sequences) was tested with the incongruence length difference
test (lLD) as implemented in the partition homogeneity test in
PAUP (Farris et al., 1995).

As for treating the gaps as phylogenetic characters, three types
of analyses were compared during the process of phylogenetic
inference from the sequence of nuclear marker (S7): (1) gaps as
missing data, (2) gaps as the fifth state character (Barriel, 1994)
and (3) gaps as a separate binary character (Simmons and Och-
oterena, 2000). The best elaboration for dealing with indels
(insertion/deletion) together with their incorporation to phyloge-
netic analyses was described by Simmons and Ochoterena (2000).
They determined that there were two ways of coding gaps: (a)
the procedure “simple indel coding” (SIC), and (b) the procedure
“complex indel coding” (CIC). Miiller (2006) described a third ap-
proach of dealing with indels: “modified complex indel coding”
(MCIC). The coding of indels was provided by the SeqState
program (Miiller, 2005) containing the implemented program
IndelCoder. All of these approaches and methods were applied
in this study. Instead of the CIC procedure, we used its newer,
modified version, MCIC.

Only known nuclear haplotypes were included in the S7 analy-
ses; heterozygous genotypes were excluded.

Haplotype and nucleotype networks were constructed to esti-
mate the genealogical intraspecific relationships employing the
statistical parsimony (Templeton et al., 1992) implemented into
the TCS 1.21 program (Clement et al., 2000). Indels were coded
as the fifth state characters. A 95% connection limit was then calcu-
lated, meaning that the haplotypes were disconnected when more
than ten mutational steps divided them.
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Species examined in this study, source of tissue samples used, number of haplotype/nucleotype and GenBank Accession numbers

Lineage/species [Locality Nos.] River, drainage, country (CRH/N, S7N/N) Accession Nos.
Outgroups

R. albipinnatus R. Moksha in Mordovia, Volga, RUS EF427390, EF427408
R. frici R. Hornad at Kosice, Tisza, SK EF427392, EF427414

R. ocellatus®
S. microoculus®

Ingroup taxa
Lineage_I

G. gobio

s. stricto

Lineage_II
G. obtusirostris

Lineage_III
Gobio sp. 1

Lineage_IV
G. carpathicus

Lineage_V
Gobio sp. 2

Lineage_VI
G. volgensis

Lineage_VII
G. caucasicus

Lineage_VIII
G. insuyanus

Lineage_IX

Gobio sp. 3
Lineage X

G. ohridanus
Lineage_XI

G. cynocephalus
Lineage_XIV

G. skadarensis

Unknown
Unknown

[1] R. Becva at Rybare, Danube, CZ (H1/1, H2/2); [2] R. Blanice at Vlasim and Vodnany,
Elbe, CZ (H1/5); [3] R. D. Orlice at Kostelec n. Orlici, Elbe, CZ (H1/3, H4/1, H5/1); [4] R.
Elbe at Neratovice and Srnojedy, Elbe, CZ (H1/3, N1/1, N2/2, N3/1, N4/1); [5] R. Hana
at Vyskov, Danube, CZ (H1/2); [6] R. Lahn, Rhine, D (H1/3, H6/2); [7] R. Lark near
Isleham, Great Ouse, UK (H1/2, N2/1); [8] R. Odra at Odry, Odra, CZ (H1/1,H2/1, H3/2);
[9] Revistia channel, Tisza, SK (H1/2, N2/3); [10] Rhone basin, FR* (H1/1); [11] R. S.
Bug, UA (H1/3, H7/1, H8/1); [12] R. Sténava at Broumov, Odra, CZ (H1/3)

[1] R. Becva at Rybére, Danube, CZ (H13/1, H14/1); [13] R. Bystricka at Martin,
Danube, SK (H10/2, H11/1, H13/2); [14] R. Dyje at Soutok, Danube, CZ (H10/2, N5/2);
[5] R. Hana at Vyskov, Danube, CZ (H10/1, H13/2); [15] R. Ipel’ at st. border, Danube,
SK (H10/4, H12/1); [16] R. JeviSovka at BoZice, Danube, CZ (H10/1); [8] R. Odra at
Odry, Odra, CZ (H13/1); [17] R. Vah at Hlohovec, Danube, SK (H13/5, N5/2)

[18] Belzan Stream, Tisza, SK (H15/3, H18/2); [19] R. Laborec at Kochdnovce, Tisza, SK
(H16/1); [9] Revistia channel, Tisza, SK (H17/1); [20] R. Topl'a at Poliakovce, Tisza, SK
(H16/5, N6/1)

[14] R. Dyje at Soutok, Danube, CZ (H19/1); [19] R. Laborec at Kochanovce, Tisza, SK
(H19/3, N8/1); [9] Revistia channel, Tisza, SK (H19/1, H20/1); [21] R. Tereshva at
Krive, Tisza, UA (H21/1, N7/1); [22] R. Ublianka at Ubl'a, Tisza, SK (H22/1, N7/1, N9/1)
[24] Bakacak deresi - Biga, TR (H23/1, N10/1, N11/2)

[25] R. Bol'shaya Lasva, Perm District, Volga, RUS (N12/1, N13/1); [26] R.Chardym at
Aryash, Volga, RUS (N12/2); [27] R. Malaya Tsivil’ at Shichazany, Volga, RUS (N12/1);
[28] R. Moskva at Zvenigorod, Volga, RUS (H24/1, N12/1); [29] R. Sura at Nikolaevka,
Volga, RUS (N12/3)

[30] R. Ashe, Sochi region, Krasnodar district, RUS (H27/1, N14/1, N17/1); [31] R.
Mzymta at Adler, Krasnodar district, RUS (H25/1, H26/1, N15/1); [32] R. Shakhe, Sochi
region, Krasnodar district, RUS (H28/1, N14/2, N16/1)

[33] Ayranci Dam Lake at Karaman, TR (H33/1, H34/1, H35/1, N20/2, N21/1); [34] R.
Insuyu at Cihanbeyli, Tuz Lake, TR (H29/2, H30/1, H31/1, H32/1, N21/5); [35] R. Sugla
at Seydisheir, TR (N20/1, N22/1)

[36] Bilecik, TR (H36/1, N23/1, N24/1)

[37] R. Mat at Milot, AL (H39/1); [38] Lake Ohrid, Drin, AL (H37/1, H38/1, H40/1, N25/
3)
[39] R. Zeya at Blagoveshchensk, Amur, RUS (H41/1, N26/1)

[37] R. Mat at Milot, AL (H45/1, H47/1); [42] R. Zeta at Danilovgrad, Moraca, MN (H45/
4, H46/1, N30/2, N31/2)

Ingroup taxa—lineages discriminated by the nuclear marker S7

Lineage_XII

G. tauricus
Lineage_XIII

G. brevicirris
Lineage_XV

G. krymensis

[40] R. Chernaya at Sevastopol, Crimean Peninsula, UA, 4549 (N27/1)
[41] R. Sosna at Elets, Don, RUS, 4568 (N28/1), 4570 (N29/1)

[43] R. Bel'bek at Lyubimovka village, Crimean Peninsula, UA, 4607 (N32/1)

Ingroup taxon—unambiguous hybrid (mixed lineages; mtDNA x nDNA)

Hybrid
LIxLXV

[43] R. Bel'bek at Lyubimovka village, Crimean Peninsula, UA, 4607 (H9/1, N32/1)

Ingroup taxa—submitted specimens for further investigation”

Pure L_XII or
Hybrid
L_XIII x L_XII
Pure L_? or
Hybrid_?
Hybrid L_I x L_?
Pure L_XIII or
Hybrid
L_XII x L_XIII

[40] R. Chernaya at Sevastopol, Crimean Peninsula, UA, 4549 (H42/1, N27/1)

[40] R. Chernaya at Sevastopol, Crimean Peninsula, UA; 4550 (H43/1, N19/1)

[43] R. Bel'bek at Lyubimovka village, Crimean Peninsula, UA; 4605 (H1/1, N18/1)
[41] R. Sosna at Elets, Don, RUS, 4570 (H44/1, N29/1)

AY017149, AY325789
NC_004694

EU131542, EU131543, EU131544, EU131545, EU131546,
EU131547, EU131548, EU131550, EU131589, EU131590,
EU131591, EU131592

EU131554, EU131555, EU131556, EU131557, EU131558,
EU131607

EU131563, EU131564, EU131565, EU131562, EU131603
EU131552, EU131559, EU131560, EU131561, EU131604,
EU131605, EU131606

EU131551, EU131593, EU131594

EU131566, EU131613, EU131614

EU131584, EU131585, EU131586, EU131587, EU131615,
EU131616, EU131617, EU131618

EU131574, EU131575, EU131576, EU131577, EU131578,
EU131579, EU131580, EU131621, EU131622, EU131623

EU131581, EU131624, EU131625
EU131570, EU131571, EU131572, EU131573, EU131626
EU131582, EU131608

EU131567, EU131568, EU131569, EU131601, EU131602

EU131609
EU131611, EU131612

EU131620

EU131549, EU131620

EU131583, EU131609

EU131553, EU131610

EU131542, EU131619
EU131588, EU131612

2 Indicates sequences from the GenBank; CRH/N = control region haplotype/number of analyzed specimens, S7N/N = S7 nucleotype/number of analyzed specimens.
b Explained in the text; e.g. 4549 = identification number; AL, Albania; CZ, Czech Republic; D, Germany; MN, Montenegro; RUS, Russia; SK, Slovakia; TR, Turkey; UA,

Ukraine; UK, United Kingdom.

3. Results and discussion

With regard to the extent of the submitted study, which gives
the taxonomic and systematic overview of more than two thirds

of the valid representatives of the genus Gobio, and in an effort
to provide a clearer perspective while saving space as well, we
have reorganised this part of the paper by connecting our results
with the discussion.
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Fig. 1. Geographical origins of the fifteen lineages of the genus Gobio. Locality numbers correspond to the locality numbers in Table 1. In cases of the existence of more
lineages, they are designated by various symbols. The rectangle demarcates the areas of large concentrations of collecting localities and these are displayed in the larger map.
CZ = Czech Republic, SK = Slovakia. The dotted line indicates the border between countries. A-C = localities with occurrence of more species or possibly hybrids.

Table 2

List of primers used in this study

Gene Primer Sequences (5'-3) Reference

CR CR159 CCC AAA GCA AGT ACT AAC GTC This study
CR439 AAC TGT TTT TCC CAC ACT TA This study
CR493 TTG GGT AAC GAG GAG TAT GTA This study
CR851 TGC GAT GGC TAA CTC ATA C This study

STIR_CR Carp-Pro AAC TCT CAC CCC TGG CTA CCA AAG Thai et al. (2004)

STIR_CR Carp-Phe CTA GGA CTC ATC TTA GCA TCT TCA GTG Thai et al. (2004)

S7 S7univL  ACA ATT GTA AGT CGG AGA TG This study
S7univP  CCC ACA AAA TAA GAT ATT AGG This study

3.1. Sequence characteristics

Sequence data was deposited in the GenBank database under
Accession Nos. (CR: EU131542-EU131588; S7: EU131589-
EU131594 and EU131601-EU131626; Table 1). Up to 1097 bp of
analyzable sequence data was obtained from the nuclear and mito-
chondrial genome fragments for each specimen. Fragments of the
control region (713 bp alignment) and the first intron of the S7
r-protein (384 bp alignment) were analyzed both separately and
in combination. As some sequences from the same taxa were iden-
tical, these taxa were reduced to one representative per taxon in all
subsequent analyses, excluding construction of the mtDNA and
nDNA networks. Nucleotide base composition showed high values
of AT pairs (A=33.4% and T = 31.6% across all sites/all taxa) in the
control region sequences. A similar composition has been noted for

Cypriniformes (Liu et al.,, 2002). In the case of the first intron
sequences of the S7 gene, low values of GC pairs were found
(16.7% and 19.3%, respectively) which is typical for noncoding
regions of the genome.

3.2. Haplotype and nucleotype richness—haplotype and nucleotype
networks

Within the haplotype network, a total of 47 CR haplotypes rep-
resenting 116 sequences were detected. Sixty-one sequences were
used for the construction of the nucleotype network and altogether
32 S7 nucleotypes were identified (Table 3). A detailed list of all
studied taxa, their haplotype and nucleotype assignment, sampling
localities, haplotype and nucleotype frequency, and the GenBank
accession numbers are given in Table 1. The schematic diagram
of the statistical parsimony network shows a complex pattern of
relationships within the genus Gobio. CR haplotype network
revealed five disconnected groups consisting of 13 lineages
(Fig. 2), and the S7 nucleotype network revealed eleven discon-
nected groups consisting of 15 lineages, see the supplementary
material (Supplementary Fig. SM_1).

3.3. Phylogenetic analyses
For both NJ and Bayesian analyses, the best-fit model under

Akaike information criterion, (AIC; Akaike, 1974) was determined
using the software ModelTest 3.8, see Table 4. The levels of diver-
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Table 3
Summary statistics of the gudgeon lineages within the CR and S7 networks and
S7indel diagnostics

1065

Table 4
Analyzed fragments of both genomes, their characteristics resulting from the MP
analysis and the appropriate models selected by Modeltest

Lineage Ner/s7 NHNcy/s7 PCR product (bp)
Lineage_I 429 9/4 338
Lineage_II 24/4 5/1 364
Lineage_III 12/1 4/1 366
Lineage_IV 8/4 4/3 366
Lineage_V 1/2 1/2 364
Lineage_VI 1/9 1/2 360
Lineage_VII 4/6 4/4 359
Lineage_VIII 8/10 7/3 367
Lineage_IX 1/2 1/2 369
Lineage_X 4/3 4/1 366
Lineage_XI 1/1 1/1 371
Lineage_XII 2%1 2%1 366
Lineage_XIII 222 222 337
Lineage_XIV 7/4 3/2 366
Lineage_XV it At 359
Lineage_? 1/2 1/2

Overall 116/61 47/32

N, the number of specimens; NHN, the number of CRhaplotypes/S7nucleotypes.
2 Explained in the text.

gence within and among Gobio lineages are shown in Table 5. The
summary statistics of MP analyses for the separate and combined
data sets for each gene are shown in Table 4. For ML analyses, the

i) Northern European clade
<5 >|L]
TE >

[T

LV

Bel'bek4605

; Bel'bek4607

Partition No. characters TL RI Model
(pars. inf.)
CR 713 (80) 375 0.5551 0.7183 HKY+T
S7 384 (62)+15gaps 276 0.8840 09516 K81luf
All combined data 1097 (142)+15 gaps 819 0.7082 0.8446 Mixed model

CI, consistency index (excluding uninformative characters); I', gamma; pars. inf.,
number of parsimony informative characters; RI, retention index; TL, tree length.

likelihood settings of the best-fit model for CR based on the hier-
archical likelihood ratio tests (hLRTs) were as follows: base fre-
quencies (A=0.3337, C=0.2132, G=0.1372 and T=0.3158); ti/
tv ratio = 1.6559; and the shape parameter of the gamma distri-
bution 0.3362. Likelihood settings of the best-fit model for S7
were: base frequencies (A=0.2968, C=0.1931, G=0.1667 and
T=0.3433).

The three most common approaches of treating gaps in multiple
sequence alignment S7 within a parsimony framework were used
in this study. In the case of gap coding as separate characters, the
results of two indel coding methods have been compared. The
SIC and MCIC methods provided the same results in terms of topo-
logical accuracy and similar values of bootstrap support (data not
shown).

Ponto-Caspian clade

&> B LK

Chernayad550

. Sosnad570

Chernaya4549 L Xl

L_XIUXI | L SosnadsT0
Belbekds07
LXV[32 ]
Chernaya4550
a3
L?
L_XI

PN

L_X

Fig. 2. The unrooted haplotype network based on sequences of the control region of certain representatives of the genus Gobio (i). The haplotype numbers refer to the
numbers in Table 1. The node sizes are proportional to the haplotype frequency (see Table 1). The pertinence of individual haplotypes to the lineages (e.g. L_I) and subclades
(A-D) is marked. Marked individuals of certain lineages (e.g. Bel'bek4607) show the hybrid origin. The names in the network indicate the collection locality followed by the
identification number of the individual. The complete S7 nucleotype network is shown as supplementary material. Its partial version (ii) shows the differences between both

networks.
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Fig. 3. Maximum parsimony tree inferred from combined data (CR and S7; i). Bootstrap values for MP and Bayesian posterior probabilities are listed near the nodes. Only
values >50% are shown. The fifteen lineages are highlighted in the phylogram. Up and down arrows represent insertions and deletions, respectively. Numbers on the arrows
correspond to the gap codes in Fig. 5. The nominal species name is followed by the name of the locality, as well as in the subsequent phylogram. The partial MP tree inferred
from the S7 sequences and showing Lineage_XV (ii). The number preceding the slash describes the value of support based on the G5 method; the number after the slash

describes the value of support based on the GS method.

the Northwestern European (A) and the Northeastern European
(B). The second major clade is designated Ponto-Caspian. We also
subdivided this into two subclades: the Southern Ponto-Caspian
(C) and the Northern Ponto-Caspian (D), being supported by a sig-
nificant Bayesian posterior probability (PP = 1.00). However, the
subdivision of the Northern European clade into subclades A and
B is not supported by the other three statistical methods (MP,
ML, NJ) and the subclades C and D received only moderate support
(Fig. 4). In conclusion, without the division into subclades, the
Northern European major clade was formed by the nominotypical
Lineage_I, Lineage_Il, Lineage_Ill, Lineage_IV, Lineage_V, Line-
age_VI, Lineage_X, and Lineage_XIV. The Ponto-Caspian major
clade was composed of the Transcaucasian Lineage_VII, two Turkey
Lineages_VIII and IX, and two Northern Pontic Lineages_XII and
XIII. Localities of common appearances of more lineages were re-

vealed (Fig. 1 and Table 1): the Odra River and the Morava River
tributaries - the Becva R., the Dyje R., the Hana R. (region A, the
Czech Republic) and the upper Tisza R. tributaries—the Laborec
R., the Revistia channel (region B, Slovakia). Region C is restricted
to the Northern part of the Black Sea (the Southwestern part of
the Crimean Peninsula and the Sosna River—the Don River basin).
The situation in areas A and B concerning hybridization of the gud-
geons is very complicated and will therefore be specifically ad-
dressed in a subsequent article.

3.4. The first intron of the gene coding S7 r-protein as a diagnostic
marker—S7indel diagnostics

The above presented results reveal the usefulness of the intron
sequence for the evaluation of gudgeon taxonomy of the genus
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Fig. 4. Bayesian consensus tree resulting from the analysis of the control region data in studied gudgeon taxa, with Bayesian posterior probabilities/N] bootstrap/MP
bootstrap/ML bootstrap values listed near the nodes. Only values >50% are shown. The species G. cynocephalus was associated with the three outgroups based on the ML
method. The fourteen highlighted lineages are categorized into four subclades and two major clades.

Gobio. In a more detailed comparison of nuclear sequences in the
individual species we found the first intron S7 to be a suitable diag-
nostic marker. We found that this unencoding nuclear region con-
tains numerous deletions and insertions (indels), which are
responsible for the different lengths of amplified PCR products.
Partial S7 alignment of regions related to gaps only is shown in
Fig. 5. It documents the finding of the region 00 and 15 indels,
which always appear in at least two specimens of each lineage, ex-
cept for the specimens from the Crimean Peninsula (the Chernaya
River—4549 and 4550). In this lineage only one specimen contain-
ing 7nt (seven nucleotide) insertion (gap-6) was detected. The
combination of the presence or absence of gaps led to the differen-
tiation of certain species and to the discovery of a fast, simple and
cheap PCR diagnostic method, the “S7indel diagnostics”. Different
lengths of the PCR products in unambiguous lineages are listed
in Table 3. Individual diagnostic indels and their significance are
displayed in the phylogenetic tree generated by the MP method
(Fig. 3). The general benefit of this diagnostic method could be
evaluated and verified only after the completion of the not yet
examined species of the genus Gobio. If necessary, this technique
can be further developed on the basis of primer position, or RFLP
method, etc.

3.5. Phylogeny of Gobio, overview

The taxonomy of gudgeons in the Palaearctic zone still classified
as the common gudgeon G. gobio by most authors (Banarescu et al.,
1999; Tsepkin, 2002; Golubtsov and Malkov, 2007) is an issue of
great importance which is currently undergoing constant develop-
ment. This is documented by numerous new species described
over the last four years (Doadrio and Madeira, 2004; Vasil’eva
et al., 2004, 2005; Kottelat and Persat, 2005; Freyhof and Naseka,
2005; Naseka et al., 2006). In the past, Banarescu and Nalbant
(1973) recognized 19 subspecies in polytypical species G. gobio s.
lato, and Banadrescu (1992a) documented only 17. In total, 149
nominal names were proposed for these fishes in scientific litera-
ture; the majority of them were later reevaluated as synonyms.
Thus, approximately 20 are now considered to be valid species at
the present time (Froese and Pauly, 2007). In an effort to maintain
transparency we will treat the individual analyzed gudgeon taxa
separately.

3.5.1. Gobio cynocephalus Dybowski, 1869
According to our molecular analyses, specimens from the Zeya
River (the Middle Amur River drainage) represent the most diver-
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Fig. 5. Partial S7 alignment of the region containing gaps in selected representatives of fifteen lineages of the genus Gobio. Parsimony-informative gaps, treated as single indel
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gent group among the studied gudgeons. The Amur River basin is
inhabited by the Amur gudgeon G. cynocephalus Dybowski, 1869 s.
stricto, described as a variety of the common gudgeon from the Onon
and Ingoda rivers (the Upper Amur). Some authors consider the
Amur gudgeon to be a subspecies of G. gobio distributed from Siberia
to the Far East (Berg, 1949; Naseka, 1998; Tsepkin, 2002). In the phy-
logenetic tree (Figs. 3 and 4) the Amur gudgeon represents Line-
age_XI in which one CR haplotype H_41 and one S7 nucleotype
N_26 were detected (Fig. 2 and Supplementary Fig. SM_1). The se-
quence divergencies towards the other analyzed gudgeons are listed
in Table 5. In terms of the “S7indel diagnostics” Lineage_XI has the
longest PCR product (371 bp) and is therefore distinguishable from
many other species (Table 3). Thus, our data supports the status of
the Amur gudgeon as an independent species, and its relationship
to gudgeons from Siberia needs further investigation.

Gudgeons of the major clade I—Northern European

3.5.2. G. gobio (Linnaeus, 1758) sensu stricto

The common gudgeon, G. gobio s. lato was claimed to have a
large distribution area from the Iberian Peninsula and the British
Islands to the Far East rivers (Berg, 1949; Banarescu et al., 1999).
The type specimen of Cyprinus gobio Linnaeus, 1758 is still un-
known, and the type locality of the nominotypical subspecies of
the common gudgeon, G. gobio gobio, was supposedly located in
the southeastern part of England (Banadrescu et al., 1999). Kottelat
and Persat (2005) redescribed G. gobio and designated its neotype
from the stream Sieg at Eitorf (Rhine River drainage in Germany).
On the basis of our molecular analyses and comparison with the
representatives from the Lark River in southeastern England we
can prove that G. gobio s. stricto is widely distributed in the follow-

ing river basins (Table 1): Rhone (the Mediterranean Sea drainage
area), Rhine (Lahn R.) and Elbe (Blanice R., D. Orlice R., Elbe R.) (the
North Sea drainage area), Odra (Odra R., Sténava R.; the Baltic Sea
drainage area), Danube (Bec¢va R., Hana R.), Tisza (Revistia channel),
and Southern Bug (the Black Sea drainage area). Nine mitochon-
drial haplotypes H_1-9 and four nucleotypes N_1-4 were distin-
guished (Fig. 2 and Supplementary Fig. SM_1). Haplotype H_1 is
widespread. The representatives of this species form Lineage_I in
the phylogram and they are part of subclade A—Northwestern
European (Fig. 4). The important diagnostic feature of this species
is the 18nt deletion (gap-12), which is present in this species only
(Figs. 3 and 5). The interspecific divergencies are shown in Table 5.
The intraspecific divergence of sequences in both markers did not
exceed 0.37%.

3.5.3. Gudgeons from the Danube River basin

The situation with the gudgeons from the Danube River basin is
complicated due to the presence of a large number of lineages. We
found four pure lineages (L_I-IV) in this area. The first of them is
L_I, representing G. gobio s. stricto and is discussed above. Lineages
Il and IV are formed by Danubian samples only, whereas L_II is
also represented in the Baltic Sea drainage. Three gudgeon taxa
were described from the Danube River basin, and each of them is
discussed further as available names for Lineages II-1V.

3.5.3.1. Gobio obtusirostris Valenciennes, 1842. This species was de-
scribed from the Isar R. at Munich (the upper Danube R. basin). Vla-
dykov (1925, 1931) considered it to be a valid subspecies of the
common gudgeon and extended its distribution to the middle
and lower part of the Danube River basin, excluding the Tisza R.
populated by another subspecies. Banarescu (1961) presumed G.
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gobio obtusirostris to be the only subspecies of the common
gudgeon, but Banarescu et al. (1999) began to doubt the validity
of this argument. Freyhof and Naseka (2005) considered it a valid
species. Our phylogenetic analyses confirmed the validity of the
Danubian gudgeon being widely distributed in the Danube River
basin and also occurring in the Odra River (Fig. 1 and Table 1).
One nucleotype N_5 and five haplotypes H_10 - 14 were found
for these populations, of which H_10 and H_13 occured most fre-
quently (Fig. 2 and Supplementary Fig. SM_1). In the phylogram
based on mtDNA analysis it is differentiated as monophyletic Line-
age_II with strong support belonging to subclade B—Northeastern
European (Fig. 4). The intraspecific sequence differences on both
markers did not exceed 0.31%. At the same time this lineage
demonstrated high genetic differences in comparison to the common
gudgeon Lineage_I (Table 5). Moreover, Lineage_I and Lineage_II
differed significantly in the nuclear marker, namely by numerous
substitutions and especially by six indels (Fig. 5). This means that
they are simply distinguishable by “S7indel diagnostics” (Table
3). Finally, the areas of both lineages demonstrate significant over-
lapping (Fig. 1), but no hybridization between them was noted. The
species status based on morphologic data, suggested by Kottelat
and Freyhof (2007) is also supported by our results.

3.5.3.2. G. gobio carpathicus Vladykov, 1925, G. gobio muresia
Jaszfalusi, 1951 and/or Gobio sp. 1. G. gobio carpathicus was de-
scribed as a subspecies of the common gudgeon occurring in the
Upper Tisza basin (middle Danube R. drainage). Berg (1949) pre-
sumed that this subspecies might also occur in the Lower Danube.
The type locality of another subspecies G. gobio muresia was desig-
nated at the Mures River near Gédemesterhaza and at the conflu-
ence with the creeks Zebrak and Gode in Romania (Kottelat,
1997; the lower part of the Tisza River basin). Banarescu (1961)
concluded that both were synonyms of G. g. obtusirostris, whereas
Freyhof and Naseka (2005) classified gudgeons from the Tisza and
Mures rivers as G. carpathicus. Our phylogenetic analyses revealed
two sympatric lineages in the Upper Tisza drainage: Lineage_lIII
and Lineage_IV (Figs. 3 and 4 and Table 1), both included in the
B—Northeastern European subclade in the CR phylogram (Fig. 4).
Their genetic differences (Table 5) reach 1.69% (CR) and 2.70%
(S7) concerning substitutions, and in terms of nDNA they differ
in three indels (gap-2, gap-4, gap-11; Figs. 3 and 5). We identified
four haplotypes H_15-18 and one nucleotype N_6 of Lineage_III in
the rivers Laborec and Top’l4, the BelZansky stream and four hapl-
otypes H_19-22 and three nucleotypes N_7-9 of Lineage_IV in the
rivers Dyje, Laborec, Tereshva, Ublianka and the Revistia channel
(Fig. 2 and Supplementary Fig. SM_1). The intraspecific diversity
in both lineages did not exceed 0.30%. Their ranges overlap signif-
icantly (Fig. 1), however, no hybrid individual of either Lin-
eages_III x IV was observed up to the present time.

Our data can lead us to assume the presence of two indepen-
dent species in the Tisza R. basin, but their relationship to the
aforementioned nominal names needs further investigation. Be-
cause the specimens of G. gobio muresia from the type localities
were not investigated, its validity or conspecificity with G. carpa-
thicus will remain problematic. Our study should prove the avail-
ability of the name carpathicus for one of the two lineages. In this
work we will initially designate it for L_IV in concordance with
the study of Freyhof and Naseka (2005), who describe the occu-
rence of this species in the same localities. Lineage_III is designated
as Gobio sp. 1—"species-in-waiting”.

3.5.4. Gudgeons from the Volga River basin

Previously, gudgeons from the Volga R. basin were classified as
the common gudgeon, G. gobio or its nominotypical subspecies
(Berg, 1949; Banarescu, 1961; Naseka, 1998; Banarescu et al.,
1999; Tsepkin, 2002; Ruchin and Naseka, 2003; Vasil’eva et al.,

2004; Vasil'eva and Kuga, 2005; Freyhof and Naseka, 2005). In
the phylogenetic tree (Fig. 4), the specimens from the Volga River
basin form the monophyletic Lineage_VI, belonging to subclade
B—Northeastern European. We identified one haplotype H_24
and two nucleotypes N_12-13 in specimens from the rivers
Bol'shaya Lasva, Chardym, Malaya Tsivil’, Moskva and Sura (Table
1 and Fig. 2 and Supplementary Fig. SM_1). The interpopulation
divergency did not exceed 0.60% and the values of the interspecific
divergency are shown in Table 5. The “S7indel diagnostics” is able
to distinguish it from several gudgeon lineages, including Lineage_I
(Table 3). On the basis of the above mentioned findings we propose
that gudgeons from the Volga R. basin should be classified as a sep-
arate species. According to a previous study (Vasil’eva et al., 2004),
this species is very similar to the common gudgeon in external
morphology, and thus should be considered as a cryptic species.
We did not find any available name for it in previous publications
and therefore we consequently describe it as a new species in this
paper (the description of the species is attached).

3.5.5. Gudgeons from the Ohrid-Drim-Skadar hydrologic system (the
Adriatic Sea drainage)

Two local gudgeon forms and one subspecies were described
from this largest hydrologic system in the western Balkan zoogeo-
graphic region (Bandrescu, 1992b): G. gobio var. ohridana Karaman
1924 from Ohrid Lake, G. gobio lepidolaemus form skadarensis Kar-
aman, 1936 from Skadar Lake, and G. gobio albanicus Oliva, 1961
from the Kiri R. (the Drin R. system) in Albania. Further compara-
tive morphological and meristic analyses showed that all gudgeons
within the Ohrid-Drim-Skadar system are conspecific (Grupce and
Dimovski, 1975; Sori¢ and Ilic, 1988). Most authors consider G. go-
bio ohridanus to be the only valid subspecies of the common gud-
geon (Grupée and Dimovski, 1975; Sori¢ and llic, 1988; Sori¢,
1990; Banarescu, 1992a; Banarescu et al., 1999). In constrast to this
opinion, Sanda et al. (2005) consider G. g. ohridanus to be a junior
synonym of G. gobio gobio based on the results from allozyme anal-
ysis. We studied gudgeon populations related to both the ohridanus
and skadarensis nominal names.

3.5.5.1. Gobio ohridanus Karaman, 1924. The Ohrid Lake is the type
locality of this taxon. Our phylogenetic analyses extended its dis-
tribution range: besides the Ohrid Lake we also noted its occur-
rence in the Albanian Mat River (Table 1 and Fig. 1). In the
phylogram, this species is marked as the monophyletic Lineage_X
(Figs. 3 and 4), which is part of subclade B—Northeastern European,
and contains four haplotypes H_37-40 and one nucleotype N_25
(Fig. 2 and Supplementary Fig. SM_1). The Lineage_X demonstrates
the high level of sequence divergence from L_I and can be clearly
differentiated by “S7indel diagnostics” (Table 3). The intraspecific
divergence did not exceed 0.48%. Proposed species status (Kottelat
and Freyhof, 2007) is supported also by our results.

3.5.5.2. Gobio skadarensis Karaman, 1936. The local gudgeon form
skadarensis was described from the Skutari or Skadar Lake (the
Drim River basin) in present Montenegro and Albania. Banadrescu
et al. (1999) noted that this form should be considered a synonym
of G. g. ohridanus. We studied specimens from the Zeta River, the
largest tributary of the Moraca River, the main tributary of the Ska-
dar Lake. These specimens are included into subclade B—North-
eastern European—and form the monophyletic Lineage XIV
(Fig. 4), in which four haplotypes H_45-47 and two nucleotypes
N_30-31 were found (Fig. 2 and Supplementary Fig. SM_1). The
identical sequence pattern was also found in the Albanian Mat Riv-
er where gudgeons from the Ohrid Lake (Lineage_X) were noted
(Table 1 and Fig. 1). Nevertheless no hybridization between
L_XIV and L_X was observed in the zone of sympatry. The intraspe-
cific variability in both markers did not exceed 0.27%. The 3nt dele-
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tion is characteristic (gap-13; Figs. 3 and 5) for these gudgeons and
they can be easily discriminated from the nominotypical Lineage_I
by “S7indel diagnostics” (Table 3). The molecular results support
the species status proposed on the basis of the morphologic data
by Kottelat and Freyhof (2007).

Gudgeons of the major clade I[I—Ponto-Caspian, and Turkish gud-
geons with European relations

3.5.6. Gudgeons from Turkey

The Turkish area is of great interest since it belongs to one of the
most important glacial refuges, the Ponto-Caspian (Banarescu,
1992b), and represents a region with a high variability of gudgeon
populations resulting in the identification of eight species/subspe-
cies of the genus Gobio (Erk’akan et al., 2005; Naseka et al., 2006).
Our analyses revealed three different monophyletic lineages from
this area with strong support. On the basis of mitochondrial
analysis, one of the lineages (Lineage_V) was assigned to subclade
A—Northwestern European, and two lineages (Lineage_VIII and
Lineage_IX) were assigned to subclade C—Southern Ponto-Caspian
(Fig. 4).

3.5.6.1. Gobio sp. 2. Specimens of Lineage_V (Figs. 3 and 4) come
from Northwest Anatolia (Bakacak deresi, Biga; Fig. 1). Erk’akan
et al. (2005) presumed this area to be populated by the nominotyp-
ical species G. gobio. One haplotype H_23 and two nucleotypes
N_10, 11 were identified within this lineage (Fig. 2 and Supple-
mentary Fig. SM_1). The intraspecific sequence divergence did
not exceed 0.45%. This lineage shows certain similarity with the
nominotypical Lineage_I (Table 5) and belongs to the same subc-
lade A (Fig. 4) as well, but two deletions (gap-7 and gap-12), which
are typical for the common gudgeon were not found in the Turkish
lineage (Figs. 3 and 5). Therefore Lineages_I and V are easy distin-
guishable by “S7 diagnostics” (Table 3) and it is evident that they
are not conspecific. Freyhof and Naseka (2005) classified gudgeons
from the Meria R. in the European part of Turkey as G. bulgaricus
Drensky, 1926 that were originally described from the Maritza Riv-
er (Southern Bulgaria). Since gudgeon populations from the Marit-
za R. basin were not studied, we will refrain from any conclusion
on the availability of the name bulgaricus for gudgeons from our
Anatolian Lineage_V and designate it as Gobio sp. 2, a species which
needs a comprehensive revision.

3.5.6.2. Gobio insuyanus Ladiges, 1960. The specimens of the second
distinct Turkish Lineage_VIII originate from Central Anatolia, spe-
cifically from three localities, the Ayranci Dam Lake, the Sugla Riv-
er, and the Insuyu Stream (Fig. 1 and Table 1). The last of these is
the type locality of G. gobio insuyanus (Erk’akan et al., 2005; Naseka
et al., 2006). Seven haplotypes H_29-35 and three nucleotypes
N_20-22 were found in this lineage (Fig. 2 and Supplementary
Fig. SM_1). The intraspecific diversity did not exceed 0.30%, the val-
ues of genetic divergence from L_V were high for both markers (Ta-
ble 5). Figs. 3 and 5 show the existence of the typical gap-9. These
results support the specific status of G. insuyanus proposed by Nas-
eka et al. (2006) and further extends its occurrence outside the
type locality.

3.5.6.3. Gobio sp. 3. Gudgeons from the locality Bilecik in north-
western Anatolia, form the third Turkish monophyletic Line-
age_IX with haplotype H_36 and nucleotypes N_23-24 (Figs.
1-4 and Supplementary Fig. SM_1) with an intraspecific diver-
sity about 0.30%. The aforementioned locality belongs to the
area of the Sakarya River basin, where the occurrence of the
subspecies G. g. obtusirostris was previously recorded (Erk’akan
et al, 2005). However, Lineage_IX significantly differs from
Lineage_Il in both molecular markers: by 9.53% (CR) and

2.81% (S7). Moreover, due to the “S7 diagnostics,” L_IX is easily
distinguishable (Table 3). Thus Lineages_Il and IX obviously
represent different species, and we have designated the latter
as Gobio sp. 3, “species-in-waiting” until a comprehensive revi-
sion can be undertaken.

3.5.7. Gudgeons from the northeastern coast of the Black Sea and the
Crimean Peninsula

Phylogenetic analyses revealed four separate lineages of differ-
ent origin among samples collected in this area. Only one of them,
Lineage_VII, represents an unquestionably pure lineage with its
own mitochondrial and nuclear patterns. In contrast, lineages
L_XII and L_XIII demonstrated an ambiguous situation with an
indefinite origin of the CR pattern. Therefore, we used the label
L_XII/XIII in Figs. 2 and 4. The fourth lineage L_XV includes speci-
mens that were demonstrated to be of hybrid origin.

3.5.7.1. Gobio caucasicus Kamensky, 1901. The specimens examined
from the northeastern coast of the Black Sea (Fig. 1) form the
monophyletic Transcaucasian Lineage_VII in the phylogram
(Fig. 3), which belongs to subclade D—Northern Ponto-Caspian
(Fig. 4). Four haplotypes H_25-28 and four nucleotypes N_14-17
were determined for this group (Fig. 2). The intraspecific diversity
on both markers did not exceed 0.55%. The “S7indel diagnostics”
differentiates this lineage within subclade D (excluding Line-
age_XV; Table 3). Freyhof and Naseka (2005) stated that rivers
from the Black Sea basin in Krasnodar province (including rivers
presented in this study) are populated by the Caucasian gudgeon
G. caucasicus which was described as a variety caucasica of the Cen-
tral Asian gudgeon G. lepidolaemus Kessler, 1872 from both the
Caspian Sea (Podkumok and Sulak rivers) and the Black Sea (Rioni
R. system) basins (see Kottelat, 1997). We are not sure of the con-
specificity of the Caspian and Black Sea populations, but we will
presume to use G. caucasicus as an available name for gudgeon spe-
cies represented by the phylogenetic Lineage _VII.

3.5.7.2. Gobio brevicirris Fowler, 1976. Freyhof and Naseka (2005)
classified gudgeons from the Don River drainage as a distinct
species G. brevicirris. This name became available after Fowler
(1976) concluded G. gobio morpha brevicirris Berg, 1932 to be
a valid subspecies G. gobio brevicirris distributed in Ukraine
and Russia (see Kottelat, 1997). The specimens from the Don
River basin (Sosna R.; Fig. 1) represent the second Northern
Pontic lineage (subclade D; Fig. 4) designated as Lineage_XIII
in the phylogram (Fig. 3). This lineage is characterised by the
haplotype H_44 and unique nucleotypes N_28-29 (Fig. 2)
which differ from each other by 0.26%. The significant long
22nd deletion was found (gap-14; Figs. 3 and 5). “S7indel
diagnostics” enables us to distinguish this lineage and Lineage
XII specifically, (Table 3) despite their ambiguous species status
of CR patterns. Molecular results support the species status of
the Don gudgeon proposed on the basis of morphologic data
by Kottelat and Freyhof (2007). Further analyses will be neces-
sary to resolve the lineage classification of the haplotype H_44
(L_XII/XIII; Fig. 2 and Table 1).

3.5.7.3. Gobio tauricus Vasil’eva, 2005 and Gobio delyamurei Freyhof
and Naseka, 2005. The molecular analysis of specimens from the
Chernaya River raises complicated questions about the taxonomic
status of gudgeon populations in the western part of the Crimean
Peninsula. The specimen labeled as Chernaya4549 had haplotype
H_42 and a unique nucleotype N_27, whereas the specimen la-
beled as Chernaya4550 had a similar haplotype H_43 but a differ-
ent nucleotype N_19, which is related to nucleotypes of
Lineage_VII (Fig. 2). The sequence divergences between these spec-
imens reached 0.81% and 1.74% on mtDNA and nDNA markers,
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respectively (Table 5). This increased “interindividual” difference
results from substitutions and the presence of 7nt insertion (gap-
6; Fig. 5), not found in other gudgeon lineages. In accordance to
the aforementioned differences, the specimen Chernaya4549 rep-
resents a distinct Lineage XII in the phylogram (Fig. 3). We will re-
frain from classifying of the specimen Chernaya4550 and leave this
question open for the present (Table 1 and Figs. 2-4). The above
mentioned data indicates the genetic and taxonomic heterogeneity
of gudgeons from the Chernaya River. This conclusion agrees with
obvious morphological heterogeneity observed in samples used by
Freyhof and Naseka (2005) in their description of G. delyamurei,
and also with our new materials collected from the same river.
In accordance with the molecular data we surmise that the present
gudgeon population in the Chernaya River results from hybridiza-
tion between native species (Lineage XII) and from species having
penetrated into the river during recent years as a result of acclima-
tization and irrigation activity in the Crimean Peninsula. The native
species was subjected to karyological and craniological analyses
based on specimens collected in the Chernaya River in 1981. The
karyological and craniological peculiarities of these gudgeons are
the main grounds for the description of the species G. tauricus
and were presented as its main diagnostic characters (Vasil’eva
et al., 2005). Thus, we classify the specimen Chernaya4549 as G.
tauricus, despite the hybrid origin of several type specimens iden-
tified by molecular analyses (ICZN, 1999, art. 17). At the same time,
the morphological characters of the holotype of G. delyamurei pre-
sented by Freyhof and Naseka (2005) allow consideration of this
specimen to not be conspecific to native gudgeons that have been
distributed in the Chernaya R. in the past. This situation with gud-
geons in the Chernaya R. is very complicated and also needs further
investigation.

3.5.7.4. Gobio krymensis Bandrescu and Nalbant, 1973. In contrast
to previous Ponto-Caspian lineages, the molecular analyses of
gudgeons from the Bel'bek River in the Steppe Crimea (Fig. 1
and Table 1) labeled as Bel’bek4605 and Bel’bek4607 revealed a
specifically mixed origin. Bel’'bek4607 had haplotype H_9 closely
related to haplotypes from Lineage_I, and unique nucleotype
N_32 (Fig. 2). Therefore this specimen forms (based on S7 marker
analysis) a separate Lineage_XV in phylogram (Fig. 3ii). According
to obtained data, we concluded that this specimen most probably
represents a hybrid between a female from L_I and a male of an-
other species distributed in the Bel’'bek River. The other specimen
from this sample (Bel’bek4605) had haplotype H_1 and nucleo-
type N_18 (Fig. 2) and should be considered as a hybrid between
a female from Lineage_I and a male from another phylogenetic
lineage with CR haplotypes most related to the ones of Line-
age_VII. The S7 sequence variability of both the representatives
from the Bel'bek River was 2.24%. We will refrain from the clas-
sification of males having participated in the aforementioned
hybridization as members of Lineage_VII representing G. caucasi-
cus since the hybridization between this species and Crimean
gudgeons seems impossible due to their geographic isolation. It
is possible that, arrangements of acclimatization and irrigation
in the Crimean Peninsula indicate there may have been an acci-
dental introduction (and further distribution) of gudgeons from
the Dnieper River basin, which have not been subject to molecu-
lar studies. Therefore it is quite possible that at least one of the
nucleotypes N_18 or N_19 belong to G. sarmaticus Berg, 1949 dis-
tributed in the Dnieper R. basin. As to an available name for the
Lineage_XV distributed in the Steppe Crimea, we are inclined to-
wards Freyhof and Naseka (2005), who classify these gudgeons as
independent species G. krymensis. The above stated data indicates
that the situation with gudgeons from the Crimean Peninsula is
extremely complicated and requires a more exhaustive analysis,
both morphological and genetic.

3.6. Phylogeography, genetic aspects and taxonomic implications

The aim of this phylogenetic study was to bring up new findings
in the field of genetics and the phylogeography of the genus Gobio
and to throw light on the current and rather complicated taxon-
omy and systematics of this genus. We attempted a more compre-
hensive molecular approach based on combinations of both
mitochondrial and nuclear genomic markers. On the basis of se-
quence analyses of the material collected at type localities or in
their close surroundings, and on the background of the data from
literature, we have arrived at the following findings and conclu-
sions. The gudgeons of the genus Gobio show a large scale of haplo-
and nucleotype patterns, which also exhibit a large distribution
spectrum ranging from small areas (G. ohridanus, G. skadarensis,
some Turkish gudgeons, etc.) to vast territories covering thousands
of kilometres, e.g. extending from the British Isles to the Black Sea,
as in the case of the nominotypical species G. gobio s. stricto. Local-
ities (BeCva R, Dyje R., Hana R, Laborec R, Odra R,, Revistia ch.; Ta-
ble 1 and Fig. 1) demonstrate the sympatry of several different
species (G. gobio and G. obtusirostris, gudgeons from the Tisza River
basin), which can lead to problems in their identification, as a re-
sult of possible hybridization events. Our analysis reveals that
the cytonuclear disequilibrium is an actual phenomenon among
gudgeons of the genus Gobio (rivers Bel’bek, Chernaya/Sosna; Table
1). The phylogeography of different species, including the zones of
their sympatry (A-C), are shown in Fig. 1. We surmise that the
existence of many closely related species living together in the
same proximity presents the likelihood of frequent hybridization
or introgresive hybridization. We consider this phenomenon to
be one of the principal reasons for the wide variability of gudgeons,
as mentioned by most previous authors. The question as to
whether or not specimens of hybrid origin form a numerous, viable
and spawning lineage can be answered only after further
investigation.

The above mentioned results also leads us to the conclusion
that data resulting from phylogenetic studies based on mtDNA
analyses only are not sufficient for taxonomical reconstructions.
The application of a suitable nDNA locus in combination with the
mtDNA marker provides more useful tools to answer systematic
questions. In addition to the employed molecular methods we dis-
covered a new and promising method called “S7indel diagnostics”
which is based on different lengths of the PCR products in most
studied gudgeon lineages and therefore allows for a more simple
identification of species of the genus Gobio undistinguishable by
traditional morphological characters; for example, G. gobio and
the new species G. volgensis. We presume that further investiga-
tions of gudgeons from different parts of the generic distribution
will illustrate the convenience of this method with regard to the
taxonomy.

The phylogentic analyses based on both mtDNA and nDNA
markers confirm the validity of the genus Gobio as a monophyletic
group with strong support, similarly mentioned by Yang et al.
(2006). Altogether 15 gudgeon lineages are distinguishable in this
genus, most of them identified as pure species. The phylogenetic
relations obtained by control region analysis and applied statistical
methods (NJ, MP, ML, BI) demonstrate these lineages are divided
into two main clades, namely, the Northern European and the Pon-
to-Caspian. According to the BI analysis, the first clade was subdi-
vided into two subclades—Northwestern European (A) and
Northeastern European (B). The second main clade was subdivided
into the Southern Ponto-Caspian (C) and the Northern Ponto-Cas-
pian (D). These results agree with previous zoogeographic data.

The molecular analyses confirmed the validity of 11 taxa as
independent species of the genus Gobio, namely G. gobio, G. obtusi-
rostris, G. carpathicus, G. caucasicus, G. insuyanus, G. ohridanus, G.
skadarensis, G. cynocephalus, G. brevicirris, G. tauricus, and G. krym-
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ensis. Their genetic diagnostic characters were revealed as well.
Based on these studies, gudgeons from the Volga River basin were
separated from G. gobio s. stricto and described as a new species G.
volgensis. Moreover, three phylogenetic lineages designated as Go-
bio sp. 1-3 were submitted for a comprehensive revision owing to
their description/redescription as separate species. Thus, this study
offers new views of the present taxonomy of the genus Gobio.
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Appendix A. Description of new species

A.1. Gobio volgensis Vasil’eva, Mendel, Vasil'ev, Lusk, Luskovd sp. nova
(Supplementary Fig. SM_2)

Cyprinus gobio (not of Linnaeus, 1758): Pallas, 1814: 295 (part.:
Volga R. basin).

Gobio fluviatilis (not of Fleming, 1828): Cuvier in Cuvier and
Valenciennes, 1842: 300 (Europe-part.); Kessler, 1877: 251 (part.:
Eastern Europe-part.).

Gobio gobio (not of Linnaeus, 1758): Berg, 1914: 428 (part.: Eur-
ope-part.); Berg, 1916: 218 (part.: Europe-part.); Lukash, 1923:
174, 176 (Vychegda); Lukash, 1933: 56 (Rivers Vyatka, Voya, Ir-
yuk); Lukash, 1940: 26 (Vyatka and Kama basins); Berg, 1949:
640 (part.: Europe-part.); Banarescu, 1992a: 317 (part.: Caspian
Sea basin); Naseka, 1998: 82 (part.: European part of Russia-part.);
Banarescu et al., 1999: 81 (part.: Europe-part.); Tsepkin, 2002: 249
(part.: Europe-part.); Ruchin and Naseka, 2003: 334-335 (Sura R.);
Vasil’eva et al., 2004: 772 (part.: Volga R. basin). Freyhof and Nas-
eka, 2005: 336 (part.: Sura, Volga).

Gobio gobio gobio (not of Linnaeus, 1758): Bandrescu et al.,
1999: 109 (part.); Ruchin and Naseka, 2003: 334 (Volga).

A.1.1. Holotype

ZMMU P-21861, SL 91.5 mm, TL 109.0 mm, the Moskva River at
Staraya Ruza City, Moskovskaya District; collector V.P. Vasil’ev,
2004, August 21.

A.1.2. Paratypes

ZMMU P-21865, 4 spec., SL 64.2-86.0 mm, TL 76.5-103.0 mm
the Moskva River at Zvenigorod City, Moskovskaya District; collec-
tor V.P. Vasil’ev, 2005, June 14; P-21910, 4 spec., SL 46.5-66.0 mm,
TL 57.0-78.0 mm the Moskva R. at Zvenigorod City, collector V.P.
Vasil’ev, 2004, June 05, voucher specimens for this molecular
study.

A.1.3. Additional materials

The Moskva R. basin: P-442 (5 spec.), P-2705 (1 spec.), P-16229
(4 spec.), P-16819 (1 spec.), P-17966 (2 spec.), P-21235 (9 spec.),
P-21413 (1 spec.), P-21422 (10 spec.), P-21426 (5 spec.). The Volga
R. basin: P-3441 (Moksha R., 45 spec.), P-4164 (Oka R., 3 spec.),
P-9561 (Ozerna R., 1 spec.), P-21040 (Sura R., 1 spec.), P-21234
(Kobra R., 7 spec.), P-21206 (Vytebet’ R, 1 spec.), P-21236 (Mytets
R., 5 spec.), P-21844 (Sura R,, 3 spec.).

Comparative materials on G. gobio s. stricto. England: P-9423
(Thames R. at Reading, 1 spec.). The Baltic Sea basin: P-2762 (Ne-
man R, Lithuania, 4 spec.), P-13033 (pound Vira at Tfebon, South-
ern Bohemia, 1 spec.), P-19034 (Ahja R, South Estonia, 1 spec.).

A.1.4. Diagnosis

DN (7)8; ANL(IN) 6-7; VI(II) 7(8); P1(14) 15-16; LI 40-43,
usually 42-43; the body and the caudal peduncle are moderately
compressed; the minimum body depth is somewhat smaller than
the width of the caudal peduncle at the level of the last anal ray in lar-
ger specimens and somewhat greater in smaller fishes; the anus is
closer to the insertion of the anal fin than to the origin of the pelvic
fins; there are no epithelial crests on the dorsal scales and there
are no barbellike prolongations at the corners of the mouth; barbels
are moderately long: they usually extend beyond the anterior edge
of the eye (only rarely do they not reach anterior eye edge), some-
times reaching up to the middle of the eye, but never reach to its pos-
terior edge; the barbel length varies from 15% to 28% of the head
length with modal values between 21% and 22%; paired fins are mod-
erately long: pectoral fins never reach the pelvic fin insertion, and
their average length varies from 74.7% to 84.8% of the distance be-
tween the base of paired fins; ventral fins never reach the anal fin
insertion, and their average length varies from 72.8% to 75.7% of
the distance between ventral and anal fin bases; there are large,
more or less rounded, dark spots located along the lateral line and
several rows of small dark spots on the dorsal and caudal fins; the
eye is large with a diameter greater than 3, of the interorbital dis-
tance; the breast in front of the level of the rear extent of the pelvic
fin insertions usually lacks scales; the lateral branch of the supraor-
bital cephalic sensory canal (CSO) is connected with the infraorbital
canal behind the eye; there are usually seven pores in the fronto-
parietal area of CSO and five pores in the pteroticum; both supra-
and infraorbital bones are wide: the average width of the supraor-
bital bone exceeds 40% of its length, and the average width of the last
infraorbitals comes to more than half of the bone length; 2n = 50(24
meta-, 24 submeta-, 2 subtelo-acrocentric chromosomes), NF = 98;
the total number of vertebrae (according to Naseka, 2001)—40 (cau-
dal, 19; preanal caudal, 2; abdominal, 21).

A.1.5. Other morphological features

Morphometric characters of gudgeons from the Sura River have
been presented earlier by Ruchin and Naseka (2003). The variabil-
ity of the relative length of paired fins among different populations
from the Volga River basin, as well as the karyotype of specimens
from the Yakot’ River (Volga R. basin) were described by Vasil’eva
et al. (2004). The craniological features and indices were demon-
strated for gudgeons from the Yakot’ R. (Vasil’eva et al., 2004; Va-
sil’eva and Kuga, 2005).

A.1.6. Distribution

According to our molecular data we have restricted the range of
this species to the Volga River basin only. Its occurrence in neigh-
bouring river systems needs further investigation.

A.1.7. Etymology
The name volgensis refers to the range of the species.

A.1.8. Comparative remarks

G. volgensis differs from most of the species previously included
in G. gobio s. lato with the complex of features presented in the
diagnosis, but, as mentioned previously, this species is very similar
to G. gobio s. stricto in its external morphology. According to our
preliminary study G. gobio (we examined several specimens of this
species for comparison) differs due to the smaller average number
of lateral line pored scales. The analysis of karyotypes presented by
different authors for G. gobio s. lato reveals that the karyotype of G.
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volgensis obviously differed from karyotypes of such species as G.
tauricus Vasil’eva, 2005 and G. kubanicus Vasil'eva et Vasil’ev,
2004, but was quite similar to karyotypes obtained from gudgeons
from the Odra R. basin, Lower Danube R. and Garonna R. (Hafez
et al., 1978; VujoSeviC et al.,, 1983; Raicu et al., 1996; Kirtiklis
et al., 2005). This result indicates karyological similarity between
G. gobio and G. volgensis. Thus, the last taxon represents a cryptic
species distinguishing from G. gobio only by molecular analysis
and “S7indel diagnostics”.

Appendix B. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.ympev.2008.03.005.
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