
INTRODUCTION

Knowledge of the origin of the Chinese pond mussel
Sinanodonta woodiana, recorded in Poland since the
1990s, is based on import data about exotic fish, which
most probably carried its glochidia and in this way intro-
duced this bivalve species to Polish waters, giving rise to
numerous local populations (Protasov et al., 1993;
Kraszewski and Zdanowski, 2001). This has led to the hy-
pothesis that populations of S. woodiana appeared in Pol-
ish waters as a result of fish import from Hungary, mostly
cyprinid fish species, such as bighead carp (Aristichthys
nobilis, Richardson, 1845) and silver carp (Hypoph-
thalmichthys molitrix, Valenciennes, 1844). However,
there was no available published research to confirm this
hypothesis. 

The first genetic studies of S. woodiana, from warm
water bodies, show a low genetic variation between speci-
mens of the first Polish population (Soroka and Zdanowski,
2001; Soroka, 2005). In case of some water bodies with
natural water temperature, which are used as fish ponds,
documentation shows that the imported fry originated from
Gosławice Fish Farm, belonging to the Konin heated lakes
system. Gosławice Fish Farm bought earlier the fish in
Hungary. In other places where the mussel S. woodiana is
found, populations may be of different origin, as this
species could have invaded Poland by many routes.

The aim of this study was to determine if the individ-

uals of S. woodiana found in various localities in Poland
were derived from a single source population in Hungary,
which would be consistent with documentation of fish im-
port to Poland, or there exist some different, unknown and
undocumented sources of introduction of this bivalve
species to Poland. The genetic analysis of several Polish
and Hungarian specimens allowed also an assessment of
the mode and routes of its invasion into Poland. Addition-
ally, the obtained mitochondrial DNA sequences were
compared with available GenBank data for this species.
Moreover, we examined the documentation of fry origin
in the fish farms where material for genetic research was
collected.

METHODS

Detailed characteristics of the Polish localities, i.e.
ponds Urocze, Wojnowice, Polna Rzeka, and Oko, as well
as Gosławice Fish Farm, were presented in earlier works
(Soroka and Zdanowski, 2001; Urbańska et al., 2012; An-
drzejewski et al., 2013). For this study, specimens of S.
woodiana were collected from 4 new localities (fish ponds
in various parts of Poland), and compared with specimens
from Gosławice Fish Farm (near Konin, Poland) and from
the River Danube (south of Budapest, Hungary) (Fig. 1). 

Genetic analyses were performed for the 5 Polish pop-
ulations, each represented by 3 randomly selected indi-
viduals, and for 5 individuals from Hungary. Total DNA
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was isolated from gills of 20 specimens. The standard
phenol/chloroform extraction and ethanol precipitation
were used (Skibinski et al., 1994). The PCR reaction was
performed with primers LCO1490 and HCO2198 (Folmer
et al., 1994) for the mitochondrial cytochrome c oxidase
subunit I (cox1) gene. The PCR conditions were as fol-
lows: initial denaturation for 2 min at 96°C, followed by
5 cycles of 30 s at 95°C, 1 min at 45°C, 1.5 min at 72°C,
followed by 28 cycles of 30 s at 95°C, 45 s at 55°C, 1 min
at 72°C, and a final extension for 7 min at 72°C. The total
volume of each PCR reaction mixture was 20 µL. After
1% agarose gel electrophoresis, the amplification products
were viewed under UV light. The results were saved and
the size of the PCR products was analysed with Vision
Works®LS Analysis Software (UVP, Cambridge, UK).
PCR products were purified using Clean-up columns
(A&A Biotechnology, Gdynia, Poland) and cycle-se-
quenced in both directions (by Macrogen, Seoul, South
Korea, http://dna.macrogen.com/eng/). Both DNA strands
were assembled into consensus using DNAMAN 5.2.9
software (Lynnon, Quebec, Canada). The haplotypes for
the cox1 gene of the specimens were submitted to Gen-
Bank and their accession numbers are: KJ125078 and
KJ125079 for Polish and Hungarian speciments, respec-
tively. The cox1 sequences were aligned using ClustalW
program, being a part of MEGA4 software (Tamura et al.,
2007). This program was also used to calculate sequence
divergence (Kimura 2-parameter, K2P, and Maximum
Composite Likelihood, MCL, distances). MEGA4 was
applied to phylogeny reconstruction with minimum evo-
lution approach (Swofford et al., 1996, Nei and Kumar
2000) with K2P and MCL distances. 

We also analysed the documentation of the fish farms
from which the material for analyses was collected, to
identify the sources of introduced fish fry and of the par-
asitic glochidia of S. woodiana encysted on the fry, which
gave rise to populations of this accidentally introduced bi-
valve species.

RESULTS 

For 15 individuals of S. woodiana from 5 Polish pop-
ulations, identical haplotypes were obtained for the mito-
chondrial cox1 gene fragment, with a mean length of 661
bp. For 5 individuals of this species from the Danube in
Hungary, also identical haplotypes were obtained for the
analysed cox1 fragment, with a mean length of 662 bp.
Haplotypes from Poland and Hungary showed 100% sim-
ilarity to sequences of S. woodiana from Italy and
Ukraine, whereas significant differences were observed
(about 6%) in comparison with individuals from Romania
(Tab. 1). Blast analyses in GenBank confirmed our obser-
vations and showed that the obtained sequences have only
95% sequence identity with S. woodiana from Romania
and 100% with specimens from Italy and Ukraine.

Fish farm documentation indicates that S. woodiana
had spread in Poland by 2 routes. In ponds Urocze and
Wojnowice, the mussels arrived with fish directly from
Hungary. By contrast, in ponds Polna Rzeka and Oko, the
mussels arrived with fish indirectly, from Gosławice Fish
Farm, which in the 1960s introduced large amounts of
thermophilous fish from Hungary (Fig. 1).

DISCUSSION 

The Chinese pond mussel, distributed also in Europe,
was initially named Anodonta woodiana (Petró, 1984;
Kiss and Pekli, 1988; Nagel et al., 1996; Piechocki and

Fig. 1. Directions of spread of Sinanodonta woodiana in Poland.
Sampling sites in ponds Urocze (1), Wojnowice (2), Polna
Rzeka (3), Oko (4), and in the River Danube (5). Gosławice Fish
Farm is marked with A.
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Riedel, 1997; Watters, 1997; Kraszewski and Zdanowski,
2001; Soroka, 2005, 2008a). Currently it is assigned to
the genus Sinanodonta Modell, 1945 (Beran, 1997, 2008;
Bohme, 1998; Falkner et al., 2001; Yurishinets and Ko-
rniushin, 2001; Domagała et al., 2007; Gąbka et al.,
2007; Popa et al., 2007; Munjiu and Shubernetski, 2008;
Cappelletti et al., 2009; Soroka, 2010; Popa et al., 2011).
Mitochondrial cytochrome c oxidase subunit I gene cox1
is used most often for species identification and phylo-
genetic analyses. In over 95% of animal species, charac-
teristic sequences are found within this gene, and its
5’-region, 648 bp long, is used to create the huge Barcode
of Life Database (Hebert et al., 2003a, 2003b; Ratnas-
ingham and Hebert, 2007). The international GenBank
database includes sequences for the cox1 gene fragment

of mussels identified as A. woodiana or S. woodiana,
showing similarity of 100% to 95%, or even only 91%
(using Basic Local Alignment Search Tool, BLAST).
Here we use the name S. woodiana, and sequences of A.
woodiana from GenBank should not be treated as a sep-
arate species. 

So far, studies of European species of Unionidae have
revealed a low variation within the cox1 gene (less than
1%) in Unio gibbus, U. pictorum and U. tumidus, as well
as Anodonta anatina (Källeresjö et al., 2005, Araujo et al.
2009, Soroka 2008b, 2010). A higher intraspecific varia-
tion of the cox1 gene was reported for the gastropod
Sadleriana fluminensis (3%) (Szarowska and Falniowski,
2013) and Potamilus species (2.6%) (Roe and Lydeard,
1998). The highest differences (about 7%) were found be-

Tab. 1. Genetic distances computed with K2P (below diagonal) and MCL (above diagonal) between the studied specimens of S. woo-
diana and sequences from GenBank. 

1 2 3 4 5 6 7 8 9

1 Aw EF440349 Poland 0.000 0.000 0.000 0.000 0.000 0.000 0.061 0.183
2 Sw KJ125078 Poland* 0.000 0.000 0.000 0.000 0.000 0.000 0.061 0.183
3 Sw KJ125079 Hungary* 0.000 0.000 0.000 0.000 0.000 0.000 0.061 0.183
4 Sw KF731775 Italy 0.000 0.000 0.000 0.000 0.000 0.000 0.061 0.183
5 Sw KF731776 Italy 0.000 0.000 0.000 0.000 0.000 0.000 0.061 0.183
6 Sw JQ253893 Ukraine 0.000 0.000 0.000 0.000 0.000 0.000 0.061 0.183
7 Sw JQ253894 Ukraine 0.000 0.000 0.000 0.000 0.000 0.000 0.061 0.183
8 Sw JQ435822 Romania 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.236
9 Aa GU230745 0.182 0.182 0.182 0.182 0.182 0.182 0.182 0.231

Sw, Sinanodonta woodiana; Aw, Anodonta woodiana; Aa, Anodonta anatine; *novel sequences.

Fig. 2. Minimum-evolution tree computed with Kimura 2-parameter distances. Values above branches represent bootstrap support (2000
replicates). Sw, Sinanodonta woodiana; Aw, Anodonta woodiana; Aa, Anodonta anatine; *novel sequences.
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tween syntopic S. fluminensis and S. robici specimens,
which confirms species distinctness of these 2 lineages
(Szarowska and Falniowski, 2013). Specimens of S.
woodiana from 5 analysed Polish populations had identi-
cal sequences of the mitochondrial cox1 gene fragment.
They did not differ from those of individuals from other
populations in Poland (Soroka, 2010), Hungary, Italy, and
Ukraine (Tab. 1, Fig. 2). All the dendrograms showed the
same topology of the analysed sequences, so only one of
them with higher bootstrap values is presented in Fig. 2.
This provides strong evidence that these European local
populations may derive from one source population and
for specimens in Poland it was Hungarian population, as
indicated by both fish farming records and molecular data.
By contrast, specimens of S. woodiana from Romania
show a higher genetic variation (about 6%) as compared
to other European populations. Such a high variation may
attest to 2 distinct routes of migration of founder individ-
uals of these European populations, and show a high in-
traspecific variation of this species.

CONCLUSIONS

Earlier research on Polish populations of S. woodiana
shows significant differences in biometric parameters of
individuals from various locations (Soroka and
Zdanowski, 2001; Urbańska et al., 2012; Andrzejewski et
al., 2013). The observed phenotypic variation of indivi-
duals of S. woodiana coming from different Polish ponds
seemed to indicate varied provenance of these mussel po-
pulations, but molecular data do not confirm that assum-
ption. Their cox1 gene sequences suggest that all the
analyzed Polish specimens derive from Hungarian speci-
mens. The phenotypic variation is probably linked with
environmental factors, while the lack of genetic variation
of the cox1 gene sequence between the Hungarian and Po-
lish individuals of S. woodiana seems to be a result of the
founder effect.
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