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ABSTRACT
Chinese pond mussels are known as a  successful invasive species, spreading rapidly almost around 
the world. Here, we report the first record of Sinanodonta aff. woodiana (Lea, 1834)  in Afghanistan. 
The species was observed in the Amu Darya River in Qala-I-Zal, Kunduz Province. DNA barcoding 
revealed that the Afghan population belongs to the temperate invasive lineage that  is widespread in 
Europe. Consistent with our phylogenetic data, the haplotype network showed that the alien popula-
tion in Afghanistan shared the same COI haplotype as non-indigenous populations from Kazakhstan, 
Siberia, European Russia, Myanmar and Europe, suggesting a common origin from a single source 
population in China. Sinanodonta aff. woodiana seems to have been introduced into  Afghanistan 
via waterways from the Middle Asia and/or fish hosts. The presence of individuals between one to 
eight years old indicates that S. aff. woodiana can survive and breed in the environmental conditions 
of the Amu Darya River in Afghanistan. Further spread and colonisation of S. aff. woodiana in the 
Amu Darya is not unexpected due to of some human-mediated dispersal events and waterways in 
the region. Some identified invasive populations of Sinanodonta sp. based on the available databases 
are under discussion, as there are at least eight lineages within Sinanodonta complex, each could in-
dicate a separate cryptic species. Further work should be addressed to evaluate the taxonomy of this 
morphologically variable group.
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RÉSUMÉ
La présence de la moule d’eau douce envahissante Sinanodonta aff. woodiana (Lea, 1834) en Afghanistan 
révélée par le barcoding.
Les anodontes chinoises sont connues comme des espèces envahissantes qui se propagent rapidement 
presque partout dans le monde. Ici, nous rapportons la première signalisation de Sinanodonta aff. 
woodiana (Lea, 1834) en Afghanistan. L’espèce a été observée dans la rivière Amu Darya à Qala-I-Zal, 
province de Kunduz. Selon les données de barcoding, la population afghane appartient à la lignée inva-
sive tempérée qui est largement répandue en Europe. Conformément à nos données phylogénétiques, 
le réseau d’haplotypes montre que la population exotique en Afghanistan partage le même haplotype 
COI que celui des populations non indigènes du Kazakhstan, de Sibérie, de Russie européenne, du 
Myanmar et d’Europe, suggérant une origine commune à partir d’une population source unique en 
Chine. Sinanodonta aff. woodiana semble avoir été introduite en Afghanistan par des voies navigables 
depuis l’Asie centrale et/ou des poissons hôtes. La présence d’individus âgés de un à huit ans indique 
que S. aff. woodiana peut survivre et se reproduire dans les conditions environnementales du fleuve 
Amu Darya en Afghanistan. On peut s’attendre à ce que S. aff. woodiana continue à se propager et 
à coloniser d’autres territoires par des dispersions d’origine humaine et le long des voies navigables 
de la région. Certaines populations de Sinanodonta sp.  reconnues envahissantes à partir des bases 
de données disponibles sont en cours de discussion, car il existe au moins huit lignées au sein du 
complexe Sinanodonta, chacune pouvant correspondre à une espèce cryptique distincte. D’autres 
travaux devraient être entrepris pour évaluer la taxonomie de ce groupe morphologiquement variable.

INTRODUCTION

Freshwater bivalves are considered as one of the most threat-
ened groups in animals worldwide (Lydeard et al. 2004), but 
also comprise many detrimental exotic species (Karatayevy 
et al. 2007), so that some of them are known to be the main 
invaders of freshwater habitats (Sousa et al. 2008; Lajtner & 
Crnčan 2011; Karatayev et al. 2015). The freshwater mussel 
Sinanodonta woodiana (Lea, 1834), known as the Chinese 
pond mussel, is regarded as one of those invasive species which 
is widely introduced almost around the world (Bogan et al. 
2011a). It is a large-sized benthic filter-feeding species of the 
family Unionidae Rafinesque, 1820, which is resistant to pol-
lution (Li et al. 2015; Douda & Cadkova 2017). Sinanodonta 
woodiana is a habitat generalist, and extremely modified and 
artificial ecosystems with high siltation are known to be ap-
propriate for its populations (Paunovic et al. 2006). The species 
prefers silty and clay sediments, turbid and relatively warm 
(30-33°C) waters and is usually found in slow and standing-
water ecosystems (Soroka 2005; Zettler & Jueg 2006). As a 
hyper-successful invader (Sousa et al. 2014), S. woodiana may 
have adverse effect on indigenous mussels via competition 
for space, host and food. Its populations can alter physical 
and biological properties of freshwater habitats (Douda et al. 
2012; Guarneri et al. 2014). The species glochidia may also 
adversely impact the growth and physiological conditions of 
infected fishes (Douda et al. 2017).

Molecular studies have indicated that S. woodiana is rather a 
species complex that includes several divergent mitochondrial 
DNA lineages (Bolotov et al. 2016; Kondakov et al. 2018). 
Its native range is believed to be the river basins of Amur 
and Yangtze in China and Easten Russia (Watters 1997; Graf 

2007; Kondakov et al. 2018; Zieritz et al. 2018), Korea (Graf 
2007), Kampuchea (doubtful; Bogan et al. 2011b), Thailand 
(refuted by Brandt (1974)), Taiwan, Japan and Hong Kong 
(Popa et al. 2007). However, two species-level lineages of the 
complex (tropical and temperate) are considered as success-
ful invaders, sharing thoroughly allopatric non-native areas 
(Bolotov et al. 2016). 

To date, S. woodiana has been reported in many parts of 
Europe including Hungary (Petro 1984; Sárkány-Kiss 1986), 
Romania (Sárkány-Kiss 1986; Popa et al. 2007), France 
(Girardi & Ledoux 1989; Mouthon 2008), Slovakia (Kosel 
1995), Czech Republic (Beran 1997; Kubín 2013), Austria 
(Reischutz 1998), Poland (Bohme 1998; Spyra et al. 2016), 
Italy (Manganelli et al. 1998; Cappelletti et al. 2009; Kambur-
ska et al. 2013; Cilenti et al. 2019), Ukraine (Yurishinets & 
Korniushin 2001), Serbia (Paunovic et al. 2005), Germany 
(Gloer & Zeittler 2005), Bulgaria (Hubenov 2006), Sweden 
(Von Proschwitz 2008), Moldova (Munjiu & Shubernetski 
2008), Belgium (Packet et al. 2009), Spain (Pou-Rovira et al. 
2009), Croatia (Lajtner & Crnčan 2011; Beran 2020), Mon-
tenegro (Tomović et al. 2013), European Russia (Kondakov 
et al. 2020a) and Greece (Karaouzas et al. 2022). The species 
has also been observed in North and Central America and in 
the West Indies, including the Dominican Republic, Costa 
Rica (Watters 1997), probably Panama (Watters 1999), the 
United States (Bogan et al. 2011b), Guatemala (Watters & 
Coltro 2014), as well as some areas in Asia outside the na-
tive range, including Kazakhstan (Uvaliyeva 2001; Kondakov 
et al. 2020b), probably Turkey (Ercan et al. 2012), Myanmar 
(Vikhrev et al. 2017), the Philippines, Singapore (Watters 
1998, 1999), Indonesia (Djajasasmita 1982), Uzbekistan 
(Kondakov et al. 2018), Malaysia (Bogan & Schilthuizen 

MOTS CLÉS
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aff. woodiana, 
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2004; Zieritz et al. 2016), Iraq (Bogan et al. 2021) and also 
Eastern and Western Siberia (Bespalaya et al. 2018; Kondakov 
et al. 2020a). The invasive populations in Europe, Siberia, 
Uzbekistan and Kazakhstan are considered to belong to the 
temperate lineage (Bespalaya et al. 2018; Kondakov et al. 2018, 
2020a, b) while the populations invaded to the Southeast 
Asia and also Costa Rica belong to the tropical one (Bolotov 
et al. 2016; Zieritz et al. 2018; Bauer et al. 2021), possibly 
introduced through host fish from Taiwan or southern areas of 
continental China (Watters 1997; Djajasasmita 1982). A non-
indigenous population of the temperate lineage has been also 
discovered in Myanmar, Irrawaddy River basin (Vikhrev et al. 
2017). However, there are only limited molecular sequences 
available on online databases and the phylogenetic affinity 
of many other indigenous and non-indigenous populations 
of the S. woodiana complex is still unknown (Bolotov et al. 
2016; Kondakov et al. 2018). 

In the early summer 2020, during our project on Unionidae 
mussels in the Middle East and Afghanistan, we received a 
report from an Afghan colleague in which local people of the 
village Safikot in Kunduz province declared that there were 
some large mussels in the river. Based on the photos received, 
our team arranged a field trip with the help of Afghanistan 

colleagues to this region in August 2020 and finally collected 
samples from Amu Darya River. Here we report the first record 
of the alien freshwater mussel Sinanodonta aff. woodiana in 
Afghanistan and provide the first molecular and morphologi-
cal data on the Afghan population of this invasive species. 

MATERIAL AND METHODS

Study area and Sampling 
The study location is Amu Darya River, near Safikot, Qala-I-zal, 
Kunduz Province, Afghanistan (36°57’34.97”N, 68°33’3.47”E) 
(Fig. 1). With a length of 2400 km, the Amu Darya is a major 
river in middle Asia and Afghanistan. This river forms part of 
Afghanistan northern border with Uzbekistan, Tajikistan and 
Turkmenistan. The fieldwork was carried out on 10 August 
2020. The mussel specimens were collected by hand from the 
river. A small piece of foot was dissected from each mussel for 
molecular studies. The pieces of tissue were placed in ethanol 
(96%). Mussel shells were also collected to study morphologi-
cal traits. The specimens were deposited at Aquatic  laboratory 
of the Fisheries and Environment Faculty, Gorgan University 
of Agricultural Sciences and Natural Resources.

KAZAKHSTAN

58° E

58° E

43° N

43° N
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65°
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72°
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USBEKISTAN
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TURKMENISTAN

AFGHANISTAN

Aydar Lake
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Amu Darya River

Syr Darya River
Issy Kui Lake

Aral Sea

Fig. 1. — Map illustrating Amu Darya River position; Point 1 (red circle) indicates sampling site of Sinanodonta aff. woodiana (Lea, 1834) in Amu Darya River in 
Kunduz Province, Afghanistan.

https://www.openstreetmap.org/?mlat=36.9594444444444&mlon=68.5508333333333#map=11/36.9594444444444/68.5508333333333
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morphological analySiS

Biometric variables of mussel shells (N = 28), including length 
(L), height (H) and width (W), were measured to the nearest 
0.1 mm using an AACO caliper. Morphometric indices, i.e., 
shell elongation (EI = H/L ratio × 100) and convexity (CI = 
W/L ratio × 100) were also measured. The age of each speci-
men was determined by counting the annual growth rings 
that were obviously visible on the shells. We also classified 
our samples into four classes according to length (Afanasjev 
et al. 2001; Spyra et al. 2012) as follows: L less than 5 cm 
(very small), 5-10 cm (small), 10-15 cm (medium) and more 
than 15 cm (large).

dna extraction, pcr and Sequencing 
DNA was extracted from each alcohol-preserved tissue (N = 6) 
using a standard high-salt method (Sambrook et al. 1989) 
slightly modified. DNA quality and concentration were as-
sessed by agarose gel electrophoresis (1%) and a Biophotometer 
Spectrophotometer (Eppendorf, Germany). 

The  rimers used to amplify the cytochrome c oxidase subu-
nit I (COI) partial sequences were LCO22me2 (5’-GGT-
CAACAAAYCATAARGATATTGG-3’) and HCO700dy2 
(5’-TCAGGGTGACCAAAAAAYCA-3’) (Walker et al. 
2006, 2007). DNA fragments were amplified in a 25 µL 
reaction mixture containing 1 µL DNA (20-160 ng/µL), 
15 µL Taq 2× Master Mix Red-MgCl2: 1.5 mM (Amplicon), 
1 µL of each primers and 7 µL ddH2O. The PCR program 
included 4 min at 94°C, 40 cycles at 94°C (30 s), 50°C (40 s) 
and 72°C (60 s), followed by 10 min at 72°C. Products 
were checked by agarose gel (1.5%) electrophoresis in TBE 
buffer (1X). Finally, the amplicons were sequenced using 
an ABI 3730XL automatic sequencer (Applied Biosystems, 
3730/3730xl DNA Analyzers Sequencing, Bioneer, Korea) 
with the same primers. 

molecular analySiS

The sequences obtained were studied using a sequence align-
ment editor in BioEdit 7.2.5 (Hall 1999). We extracted 
185 COI sequences of Sinanodonta sp. and related taxa from 
the NCBI GenBank (Table 1). Multiple sequence alignment 
using ClustalW was implemented in BioEdit. Sequences were 
trimmed and a 616-bp fragment was left. Identical sequences 
were deleted using the online tool FaBox 1.41 (Villesen 2007). 
Phylogenetic tree was finally constructed using 37 unique 
sequences. Two taxa of Margaritifera dahurica (Middendorff, 
1850) (KJ161516) and M. laosensis (I. Lea, 1863)  (JX497731) 
were also applied as outgroups. 

We reconstructed the phylogenetic relationships among the 
taxa studied on the basis of Bayesian inference by MrBayes 
v3.2.2 (Huelsenbeck & Ronquist 2001). The best-fitting 
nucleotide substitution models based on Akaike information 
criterion (Akaike 1973) were assessed by MrModelTest v3.7 
(Posada & Crandall 1998) in PAUP v4.0 (Swofford 2003). 
Two parallel runs were conducted independently. Each in-
cluded one cold and three heated Metropolis coupled MCMC 
chains. The program was run for 10 million generations and 
sampled once every 10 000 generations with a 20% burn-in 

fraction. The phylogenetic tree was finally visualized using 
FigTree v1.4.2 (Rambaut 2008). We reconstructed the phy-
logenetic tree using the TIM + I + G model (Fig. 3)

Genetic divergence on the basis of P-distance was determined 
through MEGA 6.0 (Tamura et al. 2013). A median joining 
network was also constructed through PopArt v1.7 (Leigh & 
Bryant 2015) to study relationships among haplotypes. 

RESULTS

Superfamily unionoidea Rafinesque, 1820 
Family unionidae Rafinesque, 1820 

Genus Sinanodonta Modell, 1945

Sinanodonta woodiana (Lea, 1834) 
(Fig. 2)

Symphynota woodiana Lea, 1834: 42, pl. 5, fig. 12. 

Sinanodonta woodiana – Graf & Cummings 2007: 305.

common name. — Chinese pond mussel.

FirSt record oF the invaSive chineSe pond muSSel 
in aFghaniStan 
A well-established population of Sinanodonta was detected in 
Amu Darya River (ADR) in Afghanistan. No other Unioni-
dae species were found in the sampling site. The Sinanodonta 
settlement was confined to muddy-sandy substrates. The 
depth at the sampling area was about 60 cm. At the site with 
bivalve bed, the water flow was so low and there was a dense 
covering of macrophytes. The water temperature was 27°C 
on the sampling day. 

morphological traitS 
The valves (SING) pattern (pl) of the specimens were slightly 
elongated with brown/olive greenish periostracum (Fig. 2). 
The youngest and oldest specimens were one and eight years 
old respectively, with a mean age of 4.7 years. Morphometric 
traits of the specimens collected from the Amu Darya River in 
Afghanistan are given in Table 2. All size classes were observed 
in the collected samples except the large one (Fig. 2b). Most 
of the individuals were placed in small size class (N = 21) while 
the remaining ones (N = 7) were of medium and very small 
size (Table 2). The length, width and height of the shell of col-
lected samples varied respectively  from 33.82 to 127.40 mm, 
8.91 to 43.01 mm, and 23.42 to 71.63 mm. The convexity 
and elongation indices of the specimens also ranged from 
26.34 to 39.11 and from 55.79 to 69.24 mm, respectively.

molecular data 
DNA barcoding confirmed the invasion of the freshwater 
bivalve S. woodiana into Afghanistan. Six 671-bp long frag-
ments of Cytochrome oxidase subunit I were obtained from 
the S. woodiana individuals and deposited in the NCBI Gen-
Bank (Table 1). BI analysis of COI confirmed the presence of 
the alien species S. woodiana in Afghanistan. Our specimens 

https://www.ncbi.nlm.nih.gov/nuccore/KJ161516
https://www.ncbi.nlm.nih.gov/nuccore/JX497731
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Table 1. — COI sequences used for molecular studies in the present study 

Taxon Region Population Lineage/Hap. Code Acc. no. Reference
S. aff. woodiana (Lea, 1834) Afghanistan Non-indigenous E/E1 OP279027 This study
S. aff. woodiana Afghanistan Non-indigenous E/E1 OP279028 This study
S. aff. woodiana Afghanistan Non-indigenous E/E1 OP279029 This study
S. aff. woodiana Afghanistan Non-indigenous E/E1 OP279030 This study
S. aff. woodiana Afghanistan Non-indigenous E/E1 OP279031 This study
S. aff. woodiana Afghanistan Non-indigenous E/E1 OP279032 This study
S. aff. woodiana Germany Non-indigenous E/E1 OU070149 GenBank
S. cf. woodiana Iraq Non-indigenous A/A6 LC656037 Nuah and Mukhlif (GenBank)
S. cf. woodiana Philippines Non-indigenous A/A3 KX424967 Fornillos et al. (2020)
S. cf. woodiana Philippines Non-indigenous A/A1 KX424968 Fornillos et al. (2020)
S. cf. woodiana Philippines Non-indigenous A/A3 KX424969 Fornillos et al. (2020)
S. cf. woodiana Philippines Non-indigenous A/A3 KX424970 Fornillos et al. (2020)
S. cf. woodiana Philippines Non-indigenous A/A3 KX424976 Fornillos et al. (2020)
S. cf. woodiana Philippines Non-indigenous A/A3 KX424977 Fornillos et al. (2020)
S. cf. woodiana Philippines Non-indigenous A/A2 KX424978 Fornillos et al. (2020)
S. cf. woodiana Philippines Non-indigenous A/A2 KX424979 Fornillos et al. (2020)
S. cf. woodiana Philippines Non-indigenous A/A2 KX424971 Fornillos et al. (2020)
S. cf. woodiana Philippines Non-indigenous A/A2 KX424972 Fornillos et al. (2020)
S. cf. woodiana Philippines Non-indigenous A/A2 KX424973 Fornillos et al. (2020)
S. cf. woodiana Philippines Non-indigenous A/A3 KX424974 Fornillos et al. (2020)
S. cf. woodiana Philippines Non-indigenous A/A3 KX424975 Fornillos et al. (2020)
S. aff. woodiana European Russia Non-indigenous E/E1 MT013177 Kondakov et al. (2020a)
S. aff. woodiana European Russia Non-indigenous E/E1 MT013178 Kondakov et al. (2020a)
S. aff. woodiana European Russia Non-indigenous E/E1 MT013179 Kondakov et al. (2020a)
S. aff. woodiana European Russia Non-indigenous E/E1 MT013180 Kondakov et al. (2020a)
S. aff. woodiana European Russia Non-indigenous E/E1 MT013181 Kondakov et al. (2020a)
S. aff. woodiana European Russia Non-indigenous E/E1 MT013183 Kondakov et al. (2020a)
S. aff. woodiana European Russia Non-indigenous E/E1 MT013182 Kondakov et al. (2020a)
S. aff. woodiana European Russia Non-indigenous E/E1 MT013185 Kondakov et al. (2020a)
S. aff. woodiana European Russia Non-indigenous E/E1 MT013186 Kondakov et al. (2020a)
S. aff. woodiana European Russia Non-indigenous E/E1 MT013190 Kondakov et al. (2020a)
S. aff. woodiana European Russia Non-indigenous E/E1 MT013191 Kondakov et al. (2020a)
S. aff. woodiana European Russia Non-indigenous E/E1 MT013192 Kondakov et al. (2020a)

Fig. 2. — Non-indigenous Sinanodonta aff. woodiana (Lea, 1834) in Afghanistan: A, live samples of the mussels settled in the river, Qala-I-Zal (10 August 2020); 
B, shell exterior view of the mussels: a, b and c represent very small, small and medium size classes, respectively. 

https://www.ncbi.nlm.nih.gov/nuccore/OP279027
https://www.ncbi.nlm.nih.gov/nuccore/OP279028
https://www.ncbi.nlm.nih.gov/nuccore/OP279029
https://www.ncbi.nlm.nih.gov/nuccore/OP279030
https://www.ncbi.nlm.nih.gov/nuccore/OP279031
https://www.ncbi.nlm.nih.gov/nuccore/OP279032
https://www.ncbi.nlm.nih.gov/nuccore/OU070149
https://www.ncbi.nlm.nih.gov/nuccore/LC656037
https://www.ncbi.nlm.nih.gov/nuccore/KX424967
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https://www.ncbi.nlm.nih.gov/nuccore/KX424978
https://www.ncbi.nlm.nih.gov/nuccore/KX424979
https://www.ncbi.nlm.nih.gov/nuccore/KX424971
https://www.ncbi.nlm.nih.gov/nuccore/KX424972
https://www.ncbi.nlm.nih.gov/nuccore/KX424973
https://www.ncbi.nlm.nih.gov/nuccore/KX424974
https://www.ncbi.nlm.nih.gov/nuccore/KX424975
https://www.ncbi.nlm.nih.gov/nuccore/MT013177
https://www.ncbi.nlm.nih.gov/nuccore/MT013178
https://www.ncbi.nlm.nih.gov/nuccore/MT013179
https://www.ncbi.nlm.nih.gov/nuccore/MT013180
https://www.ncbi.nlm.nih.gov/nuccore/MT013181
https://www.ncbi.nlm.nih.gov/nuccore/MT013183
https://www.ncbi.nlm.nih.gov/nuccore/MT013182
https://www.ncbi.nlm.nih.gov/nuccore/MT013185
https://www.ncbi.nlm.nih.gov/nuccore/MT013186
https://www.ncbi.nlm.nih.gov/nuccore/MT013190
https://www.ncbi.nlm.nih.gov/nuccore/MT013191
https://www.ncbi.nlm.nih.gov/nuccore/MT013192
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Taxon Region Population Lineage/Hap. Code Acc. no. Reference
S. aff. woodiana European Russia Non-indigenous E/E1 MT013193 Kondakov et al. (2020a)
S. aff. woodiana European Russia Non-indigenous E/E1 MT013196 Kondakov et al. (2020a)
S. aff. woodiana European Russia Non-indigenous E/E1 MT013197 Kondakov et al. (2020a)
S. aff. woodiana Western Siberia Non-indigenous E/E1 MT013156 Kondakov et al. (2020a)
S. aff. woodiana Western Siberia Non-indigenous E/E1 MT013162 Kondakov et al. (2020a)
S. aff. woodiana Western Siberia Non-indigenous E/E1 MT013163 Kondakov et al. (2020a)
S. aff. woodiana Western Siberia Non-indigenous E/E1 MT013167 Kondakov et al. (2020a)
S. aff. woodiana Western Siberia Non-indigenous E/E1 MT013168 Kondakov et al. (2020a)
S. aff. woodiana Western Siberia Non-indigenous E/E1 MT013172 Kondakov et al. (2020a)
S. aff. woodiana Western Siberia Non-indigenous E/E1 MT013173 Kondakov et al. (2020a)
S. aff. woodiana Western Siberia Non-indigenous E/E1 MT013175 Kondakov et al. (2020a)
S. aff. woodiana Kazakhstan Non-indigenous E/E1 MN809929 Kondakov et al. (2020b)
S. aff. woodiana Kazakhstan Non-indigenous E/E1 MN809930 Kondakov et al. (2020b)
S. aff. woodiana Kazakhstan Non-indigenous E/E1 MN809931 Kondakov et al. (2020b)
S. aff. woodiana Kazakhstan Non-indigenous E/E1 MN809932 Kondakov et al. (2020b)
S. aff. woodiana Kazakhstan Non-indigenous E/E1 MN809933 Kondakov et al. (2020b)
S. aff. woodiana Kazakhstan Non-indigenous E/E1 MN809934 Kondakov et al. (2020b)
S. aff. woodiana Kazakhstan Non-indigenous E/E1 MN809935 Kondakov et al. (2020b)
S. aff. woodiana Kazakhstan Non-indigenous E/E1 MN809936 Kondakov et al. (2020b)
S. aff. woodiana Kazakhstan Non-indigenous E/E1 MN809937 Kondakov et al. (2020b)
S. aff. woodiana Kazakhstan Non-indigenous E/E1 MN809938 Kondakov et al. (2020b)
S. aff. woodiana Eastern Siberia Non-indigenous E/E1 KY978735  Bespalaya et al. (2018)
S. aff. woodiana Eastern Siberia Non-indigenous E/E1 KY978736  Bespalaya et al. (2018)
S. aff. woodiana Eastern Siberia Non-indigenous E/E1 KY978738  Bespalaya et al. (2018)
S. aff. woodiana Uzbekistan Non-indigenous E/E5 MG581711 Kondakov et al. (2018)
S. aff. woodiana Uzbekistan Non-indigenous E/E5 MG581712 Kondakov et al. (2018)
S. cf. woodiana Germany Non-indigenous A/A3 MH319868 Stelbrink et al. (2019)
S. aff. woodiana Myanmar Non-indigenous E/E1 MF497807 Vikhrev et al. (2017)
S. aff. woodiana Myanmar Non-indigenous E/E1 MF497808 Vikhrev et al. (2017)
S. aff. woodiana Myanmar Non-indigenous E/E1 MF497809 Vikhrev et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 KF731775 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 KF731776 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 KF731777 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414328 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414329 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414330 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414331 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414332 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414333 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414334 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414335 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414336 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414337 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E2 MF414338 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414339 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414340 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414341 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414342 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414343 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414344 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414345 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414346 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414347 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414348 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414349 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414350 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414351 Froufe et al. (2017)
S. aff. woodiana Italy Non-indigenous E/E1 MF414352 Froufe et al. (2017)
S. aff. woodiana Ukraine Non-indigenous E/E1 JQ253893 GenBank
S. aff. woodiana Ukraine Non-indigenous E/E1 JQ253894 GenBank
S. aff. woodiana Poland Non-indigenous E/E1 AF468683 Soroka (2005)
S. aff. woodiana Poland Non-indigenous E/E1 EF440349 GenBank
S. aff. woodiana Poland Non-indigenous E/E1 HQ283344 GenBank
S. aff. woodiana Poland Non-indigenous E/E1 HQ283345 GenBank
S. aff. woodiana Poland Non-indigenous E/E1 HQ283346 GenBank
S. aff. woodiana Poland Non-indigenous E/E1 HQ283347 GenBank
S. aff. woodiana Poland Non-indigenous E/E1 HQ283348 GenBank
S. aff. woodiana Hungary Non-indigenous E/E1 KJ125079 Soroka et al. (2014)
S. aff. woodiana Poland Non-indigenous E/E1 KJ125078 Soroka et al. (2014)
S. aff. woodiana China Indigenous E/E1 KJ434482 GenBank

Table 1. — Continuation.

https://www.ncbi.nlm.nih.gov/nuccore/MT013193
https://www.ncbi.nlm.nih.gov/nuccore/MT013196
https://www.ncbi.nlm.nih.gov/nuccore/MT013197
https://www.ncbi.nlm.nih.gov/nuccore/MT013156
https://www.ncbi.nlm.nih.gov/nuccore/MT013162
https://www.ncbi.nlm.nih.gov/nuccore/MT013163
https://www.ncbi.nlm.nih.gov/nuccore/MT013167
https://www.ncbi.nlm.nih.gov/nuccore/MT013168
https://www.ncbi.nlm.nih.gov/nuccore/MT013172
https://www.ncbi.nlm.nih.gov/nuccore/MT013173
https://www.ncbi.nlm.nih.gov/nuccore/MT013175
https://www.ncbi.nlm.nih.gov/nuccore/MN809929
https://www.ncbi.nlm.nih.gov/nuccore/MN809930
https://www.ncbi.nlm.nih.gov/nuccore/MN809931
https://www.ncbi.nlm.nih.gov/nuccore/MN809932
https://www.ncbi.nlm.nih.gov/nuccore/MN809933
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https://www.ncbi.nlm.nih.gov/nuccore/KY978736
https://www.ncbi.nlm.nih.gov/nuccore/KY978738
https://www.ncbi.nlm.nih.gov/nuccore/MG581711
https://www.ncbi.nlm.nih.gov/nuccore/MG581712
https://www.ncbi.nlm.nih.gov/nuccore/MH319868
https://www.ncbi.nlm.nih.gov/nuccore/MF497807
https://www.ncbi.nlm.nih.gov/nuccore/MF497808
https://www.ncbi.nlm.nih.gov/nuccore/MF497809
https://www.ncbi.nlm.nih.gov/nuccore/KF731775
https://www.ncbi.nlm.nih.gov/nuccore/KF731776
https://www.ncbi.nlm.nih.gov/nuccore/KF731777
https://www.ncbi.nlm.nih.gov/nuccore/MF414328
https://www.ncbi.nlm.nih.gov/nuccore/MF414329
https://www.ncbi.nlm.nih.gov/nuccore/MF414330
https://www.ncbi.nlm.nih.gov/nuccore/MF414331
https://www.ncbi.nlm.nih.gov/nuccore/MF414332
https://www.ncbi.nlm.nih.gov/nuccore/MF414333
https://www.ncbi.nlm.nih.gov/nuccore/MF414334
https://www.ncbi.nlm.nih.gov/nuccore/MF414335
https://www.ncbi.nlm.nih.gov/nuccore/MF414336
https://www.ncbi.nlm.nih.gov/nuccore/MF414337
https://www.ncbi.nlm.nih.gov/nuccore/MF414338
https://www.ncbi.nlm.nih.gov/nuccore/MF414339
https://www.ncbi.nlm.nih.gov/nuccore/MF414340
https://www.ncbi.nlm.nih.gov/nuccore/MF414341
https://www.ncbi.nlm.nih.gov/nuccore/MF414342
https://www.ncbi.nlm.nih.gov/nuccore/MF414343
https://www.ncbi.nlm.nih.gov/nuccore/MF414344
https://www.ncbi.nlm.nih.gov/nuccore/MF414345
https://www.ncbi.nlm.nih.gov/nuccore/MF414346
https://www.ncbi.nlm.nih.gov/nuccore/MF414347
https://www.ncbi.nlm.nih.gov/nuccore/MF414348
https://www.ncbi.nlm.nih.gov/nuccore/MF414349
https://www.ncbi.nlm.nih.gov/nuccore/MF414350
https://www.ncbi.nlm.nih.gov/nuccore/MF414351
https://www.ncbi.nlm.nih.gov/nuccore/MF414352
https://www.ncbi.nlm.nih.gov/nuccore/JQ253893
https://www.ncbi.nlm.nih.gov/nuccore/JQ253894
https://www.ncbi.nlm.nih.gov/nuccore/AF468683
https://www.ncbi.nlm.nih.gov/nuccore/EF440349
https://www.ncbi.nlm.nih.gov/nuccore/HQ283344
https://www.ncbi.nlm.nih.gov/nuccore/HQ283345
https://www.ncbi.nlm.nih.gov/nuccore/HQ283346
https://www.ncbi.nlm.nih.gov/nuccore/HQ283347
https://www.ncbi.nlm.nih.gov/nuccore/HQ283348
https://www.ncbi.nlm.nih.gov/nuccore/KJ125079
https://www.ncbi.nlm.nih.gov/nuccore/KJ125078
https://www.ncbi.nlm.nih.gov/nuccore/KJ434482
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Taxon Region Population Lineage/Hap. Code Acc. no. Reference
S. aff. woodiana China Indigenous E/E7 KJ434483 GenBank
S. aff. woodiana China Indigenous E/E1 KJ434484 GenBank
S. aff. woodiana China Indigenous E/E1 KJ434485 GenBank
S. aff. woodiana China Indigenous E/E9 KJ434486 GenBank
S. aff. woodiana China Indigenous B/B1 KJ434487 GenBank
S. aff. woodiana China Indigenous D/D1 KJ434489 GenBank
S. aff. woodiana China Indigenous D/D1 KJ434490 GenBank
S. aff. woodiana China Indigenous D/D1 KJ434488 GenBank
S. aff. woodiana China Indigenous E/E1 MG463060 Huang et al. (2019)
S. aff. woodiana China Indigenous E/E6 MG463068 Huang et al. (2019)
S. aff. woodiana China Indigenous E/E7 MG463069 Huang et al. (2019)
S. aff. woodiana China Indigenous E/E1 MG463070 Huang et al. (2019)
S. aff. woodiana China Indigenous E/E4 MG463073 Huang et al. (2019)
S. aff. woodiana China Indigenous E/E9 MG463075 Huang et al. (2019)
S. aff. woodiana China Indigenous E/E8 MG463076 Huang et al. (2019)
S. aff. woodiana China Indigenous E/E1 MG463078 Huang et al. (2019)
S. aff. woodiana China Indigenous E/E3 MG463080 Huang et al. (2019)
S. aff. woodiana Vietnam Indigenous H/H1 KY561635 Vikhrev et al. (2017)
S. aff. woodiana Vietnam Indigenous H/H3 KY978744 Vikhrev et al. (2017)
S. aff. woodiana Vietnam Indigenous H/H2 KY978745 Vikhrev et al. (2017)
S. aff. woodiana Vietnam Indigenous H/H3 KX822668 Lopes-Lima et al. (2017)
S. cf. woodiana Indonesia Indigenous A/A3 KU891641 Bolotov et al. (2016)
S. cf. woodiana Indonesia Indigenous A/A3 KU891642 Bolotov et al. (2016)
S. cf. woodiana Malaysia Non-indigenous A/A4 KX051328 Zieritz et al. (2016)
S. cf. woodiana Malaysia Non-indigenous A/A3 KX051326 Zieritz et al. (2016)
S. cf. woodiana Malaysia Non-indigenous A/A5 KX051325 Zieritz et al. (2016)
S. cf. woodiana Malaysia Non-indigenous A/A8 KX051324 Zieritz et al. (2016)
S. cf. woodiana Malaysia Non-indigenous A/A7 KX051323 Zieritz et al. (2016)
S. cf. woodiana Malaysia Non-indigenous A/A7 KX051322 Zieritz et al. (2016)
S. cf. woodiana Malaysia Non-indigenous A/A3 KX051321 Zieritz et al. (2016)
S. cf. woodiana Malaysia Non-indigenous A/A3 KX051320 Zieritz et al. (2016)
S. cf. woodiana Malaysia Non-indigenous A/A7 KX051319 Zieritz et al. (2016)
S. cf. woodiana Malaysia Non-indigenous A/A3 KX051318 Zieritz et al. (2016)
S. cf. woodiana Malaysia Non-indigenous A/A7 KX051317 Zieritz et al. (2016)
S. cf. woodiana Malaysia Non-indigenous A/A8 KX051316 Zieritz et al. (2016)
S. cf. woodiana Malaysia Non-indigenous A/A9 KX051315 Zieritz et al. (2016)
S. lauta (E. von Martens, 1877) Japan Indigenous C/C5 AB055627 GenBank
S. lauta Kazakhstan Non-indigenous C/C2 MN809939 Kondakov et al. (2020b)
S. lauta Kazakhstan Non-indigenous C/C2 MN809940 Kondakov et al. (2020b)
S. lauta Kazakhstan Non-indigenous C/C2 MN809941 Kondakov et al. (2020b)
S. lauta Kazakhstan Non-indigenous C/C2 MN809942 Kondakov et al. (2020b)
S. lauta Kazakhstan Non-indigenous C/C2 MN809943 Kondakov et al. (2020b)
S. lauta Kazakhstan Non-indigenous C/C2 MN809944 Kondakov et al. (2020b)
S. lauta Kazakhstan Non-indigenous C/C2 MN809945 Kondakov et al. (2020b)
S. lauta Kazakhstan Non-indigenous C/C2 MN809946 Kondakov et al. (2020b)
S. lauta Kazakhstan Non-indigenous C/C2 MN809947 Kondakov et al. (2020b)
S. lauta Kazakhstan Non-indigenous C/C2 MN809948 Kondakov et al. (2020b)
S. lauta Kazakhstan Non-indigenous C/C2 MN809949 Kondakov et al. (2020b)
S. lauta Kazakhstan Non-indigenous C/C2 MN809950 Kondakov et al. (2020b)
S. lauta Kazakhstan Non-indigenous C/C2 MN809951 Kondakov et al. (2020b)
S. lauta Kazakhstan Non-indigenous C/C2 MN809952 Kondakov et al. (2020b)
S. lauta European Russia Non-indigenous C/C2 MT013184 Kondakov et al. (2020a)
S. lauta European Russia Non-indigenous C/C2 MT013187 Kondakov et al. (2020a)
S. lauta European Russia Non-indigenous C/C2 MT013188 Kondakov et al. (2020a)
S. lauta European Russia Non-indigenous C/C2 MT013189 Kondakov et al. (2020a)
S. lauta European Russia Non-indigenous C/C2 MT013194 Kondakov et al. (2020a)
S. lauta European Russia Non-indigenous C/C2 MT013195 Kondakov et al. (2020a)
S. lauta Western Siberia Non-indigenous C/C2 MT013157 Kondakov et al. (2020a)
S. lauta Western Siberia Non-indigenous C/C2 MT013158 Kondakov et al. (2020a)
S. lauta Western Siberia Non-indigenous C/C2 MT013160 Kondakov et al. (2020a)
S. lauta Western Siberia Non-indigenous C/C2 MT013161 Kondakov et al. (2020a)
S. lauta Western Siberia Non-indigenous C/C2 MT013164 Kondakov et al. (2020a)
S. lauta Western Siberia Non-indigenous C/C2 MT013165 Kondakov et al. (2020a)
S. lauta Western Siberia Non-indigenous C/C2 MT013176 Kondakov et al. (2020a)
S. lauta Western Siberia Non-indigenous C/C2 MT013166 Kondakov et al. (2020a)
S. lauta Western Siberia Non-indigenous C/C2 MT013169 Kondakov et al. (2020a)
S. lauta Western Siberia Non-indigenous C/C2 MT013170 Kondakov et al. (2020a)
S. lauta Western Siberia Non-indigenous C/C2 MT013171 Kondakov et al. (2020a)
S. lauta Western Siberia Non-indigenous C/C2 MT013174 Kondakov et al. (2020a)
S. lauta Western Siberia Non-indigenous C/C2 MT013159 Kondakov et al. (2020a)

Table 1. — Continuation.
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exhibited the same haplotype as previously recorded for non-
indigenous individuals in Kazakhstan, Eastern and Western 
Siberia, European Russia, Myanmar, Hungary, Italy, Poland, 
Germany and Ukraine (Hap E1). This haplotype was placed 
in the same clade along with eight other haplotypes from 
Uzbekistan, Italy and China with strong bootstrap support, 
applying to be the temperate invasive lineage (Lineage E; 
Sinanodonta aff. woodiana) (Fig. 3). 

Based on our molecular data, there are at least eight mito-
chondrial lineages within the Sinanodonta complex (Fig. 3). The 
mean COI P-distances among the mitochondrial lineages in the 
Sinanodonta complex are given in Table 3. The highest mean 
P-distance was observed among the lineages F and A (13.9%), 
while the lowest value was observed among the lineages A and 
B (2.1%). The distance between the lineage E comprising our 

specimens and other lineages ranged between 4.2 and 12.5%. 
This value was also 5.7% between the temperate and tropical 
invasive lineages. The mean distance within the temperate 
lineage comprising nine unique haplotypes was also 0.3.%. 

The median joining network was constructed based on 
99 COI sequences of S. aff. woodiana within the temperate 
invasive lineage (Lineage E) (Fig. 4). Consistent with our 
phylogenetic data, in the haplotype network, our specimens 
and those from China (KJ434482, KJ434484 and KJ434485), 
and non-indigenous individuals from Kazakhstan, Eastern and 
Western Siberia, European Russia, Myanmar, Hungary, Italy, 
Poland, Germany (OU070149) and Ukraine were lumped 
together into a same haplotype. This haplotype also weakly 
separated from non-indigenous individuals of Uzbekistan and 
Italy (MF414338) by only one substitution. 

Taxon Region Population Lineage/Hap. Code Acc. no. Reference
S. lauta Eastern Siberia Non-indigenous C/C2 KY561633 Bespalaya et al. (2018)
S. lauta Eastern Siberia Non-indigenous C/C2 KY978739 Bespalaya et al. (2018)
S. lauta Eastern Siberia Non-indigenous C/C2 KY978740 Bespalaya et al. (2018)
S. lauta Eastern Siberia Non-indigenous C/C2 KY978741 Bespalaya et al. (2018)
S. lauta Eastern Siberia Non-indigenous C/C2 KY978737 Bespalaya et al. (2018)
S. lauta Eastern Siberia Non-indigenous C/C2 KY978741 Bespalaya et al. (2018)
S. lauta Russian Far East Indigenous C/C4 KY978743 Bespalaya et al. (2018)
S. lauta Russian Far East Indigenous C/C4 KY978742 Bespalaya et al. (2018)
S. lauta South Korea Indigenous C/C1 GQ451869 GenBank
S. lauta South Korea Indigenous C/C3 GQ451870 GenBank
S. schrenkii (I. Lea, 1870) Russia Indigenous G/G1 KU853266 Sayenko et al. (2017)
S. schrenkii Russia Indigenous G/G2 KU853267 Sayenko et al. (2017)
S. schrenkii Russia Indigenous G/G2 KU853268 Sayenko et al. (2017)
S. schrenkii Russia Indigenous G/G1 KU853269 Sayenko et al. (2017)
S. lucida (Heude, 1878) China Indigenous F/F1 KX822667 Lopes-Lima et al. (GenBank)
Anemina arcaeformis  

(Heude, 1877)
China Indigenous -/I3 KJ434481 Uyang et al. (GenBank)

A. arcaeformis China Indigenous -/I1 KJ434479 Uyang et al. (GenBank)
A. arcaeformis China Indigenous -/I2 KJ434480 Uyang et al. (GenBank)

Table 1. — Continuation.

Table 2. — Morphometric features of Sinanodonta aff. woodiana (Lea, 1834) from Afghanistan. Abbreviation: SD, standard deviation.

Size class No. of individuals Length Height width Elongation index Convexity index
Very small 3 Min-Max 33.82-45.43 23.42-26.18 8.91-12.44 57.62-69.24 26.34-27.38

Mean ± SD 40.39 ± 14.9 24.96 ± 11.6 10.95 ± 8.2 62.38 ± 14.5 26.77 ± 12.6
Small 21 Min-Max 69.44-96.14 41.06-62.28 20.66-37.43 58.02-67.31 28.64-39.11

Mean ± SD 83.60 ± 17.4 53.75 ± 12.8 28.32 ± 11.9 61.22 ± 15.6 33.72 ± 13.8
Medium 4 Min-Max 106.11-127.40 69.12-71.63 38.44-43.01 55.79-65.13 33.36-36.22

Mean ± SD 118.22 ± 21.8 70.46 ± 15.2 41.21 ± 14.7 59.81 ± 14.8 34.91 ± 13.2

Table 3. — Genetic divergences (mean uncorrected P-distance %) among the Sinanodonta sp. lineages. Symbol: *, the lineage that includes Afghan samples.

Lineage A Lineage B Lineage C Lineage D Lineage E* Lineage F Lineage G
Lineage B 2.1 – – – – – –
Lineage C 3.7 2.8 – – – – –
Lineage D 5.4 3.7 4.9 – – – –
Lineage E 5.7 5.3 4.9 4.9 – – –
Lineage F 13.9 12.9 13.5 12.9 12.5 – –
Lineage G 9.8 10.2 10.6 9.5 8.2 12.7 –
Lineage H 6 4.9 4.8 4.0 4.2 12.9 8.5

https://www.ncbi.nlm.nih.gov/nuccore/KJ434482
https://www.ncbi.nlm.nih.gov/nuccore/KJ434484
https://www.ncbi.nlm.nih.gov/nuccore/KJ434485
https://www.ncbi.nlm.nih.gov/nuccore/OU070149
https://www.ncbi.nlm.nih.gov/nuccore/MF414338
https://www.ncbi.nlm.nih.gov/nuccore/KY561633
https://www.ncbi.nlm.nih.gov/nuccore/KY978739
https://www.ncbi.nlm.nih.gov/nuccore/KY978740
https://www.ncbi.nlm.nih.gov/nuccore/KY978741
https://www.ncbi.nlm.nih.gov/nuccore/KY978737
https://www.ncbi.nlm.nih.gov/nuccore/KY978741
https://www.ncbi.nlm.nih.gov/nuccore/KY978743
https://www.ncbi.nlm.nih.gov/nuccore/KY978742
https://www.ncbi.nlm.nih.gov/nuccore/GQ451869
https://www.ncbi.nlm.nih.gov/nuccore/GQ451870
https://www.ncbi.nlm.nih.gov/nuccore/KU853266
https://www.ncbi.nlm.nih.gov/nuccore/KU853267
https://www.ncbi.nlm.nih.gov/nuccore/KU853268
https://www.ncbi.nlm.nih.gov/nuccore/KU853269
https://www.ncbi.nlm.nih.gov/nuccore/KX822667
https://www.ncbi.nlm.nih.gov/nuccore/KJ434481
https://www.ncbi.nlm.nih.gov/nuccore/KJ434479
https://www.ncbi.nlm.nih.gov/nuccore/KJ434480
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DISCUSSION

Our study confirms the invasion of the freshwater bivalve 
Sinanodonta woodiana to South Asia, Afghanistan. No spe-
cies of the genus Sinanodonta has yet been reported from any 
other region of Southern of Asia. However, S. woodiana has 
previously been reported from Middle Asia including Uz-
bekistan (Kondakov et al. 2018) and Kazakhstan (Kondakov 
et al. 2020b) as well as the Middle East region including Iraq 
(Bogan et al. 2021) and probably Turkey (Ercan et al. 2012). 

According to our phylogenetic analysis, the invasive popula-
tion found in Afghanistan belongs to the temperate invasive 
lineage (Lineage E, Sinanodonta aff. woodiana). The primary 
source of the temperate lineage which is now widespread in 
Europe, is debatable. However, it has been suggested that 
this lineage probably originated from  a founder event and 
the  introduction of host fish from the Yangtze Basin (Watters 
1997; Bolotov et al. 2016; Bespalaya et al. 2018; Kondakov 
et al. 2018). Consistent with our phylogenetic data, the haplo-

type network also revealed that the alien population found in 
Afghanistan shared similar COI haplotype as that previously 
reported for non-indigenous populations from Kazakhstan, 
Siberia, European Russia, Myanmar and Europe suggesting 
the common origin from a single source population in China 
(Kondakov et al. 2018, 2020b; Huang et al. 2019). 

Fish host carrying the glochidia is regarded as the primary 
vector for Sinanodonta sp. introduction into non-native re-
gions (Watters 1997; Spyra et al. 2016; Bespalaya et al. 2018; 
Kondakov et al. 2020b). In Afghanistan, Asian carps including 
Hypophthalmichthys molitrix (Valenciennes, 1844), Ctenophar-
yngodon idella (Valenciennes, 1844), Hypophthalmichthys nobilis 
(Richardson, 1845)  and Cyprinus carpio Linnaeus, 1758 have 
been repeatedly introduced to some parts including Qala-I-Zal 
for aquaculture activities. Asian carps have been recognized to 
serve as hosts for glochidia (Von Proschwitz 2008; Tomović 
et al. 2013). These fish species introduction to the river may 
become possible via migrating from hatchery and fish farms. 
Currently, we have no information about the fish fauna present 
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in Amu Darya River in Afghanistan but the introduction of 
S. aff. woodiana to Afghanistan may be closely related to the 
introduction of Asian carps as glochidia hosts. Besides, viable 
population of S. woodiana has been previously reported from 
Uzbekistan (Syr Darya, Zarafshan and Amu Darya Rivers). 
This species was observed in 1960-1965 in Uzbekistan with 
H. molitrix and C. idella  imported from China (Kondakov 
et al. 2018). Unfortunately, there are no  molecular data on 
S. woodiana population in Syr Darya but taking into account 
the waterways between Uzbekistan and Afghanistan (Fig. 1), 
we can also propose a scenario in which the invasive popula-
tion in Afghanistan may originate from Middle Asia, where 
S. woodiana sharing a unique COI haplotype was found in 
Amu Darya in Uzbekistan (Kondakov et al. 2018). In this 
regard, during Autumn, flood sometimes occur in Amu Darya 
from Uzbekistan to Afghanistan which may cause the move-
ment of mussels in the river. In addition,  we recently received 
photos attesting that the mussel is also present in two other 
parts of Amu Darya in Kunduz Province. As this river also 
forms part of Afghanistan northern border with Tajikistan and 
Turkmenistan, the mussel may be present in these countries. 
However, no information is yet available on the presence 
of this invasive mussel in Tajikistan and Turkmenistan. The 
other possible means of introducing invertebrates including 
Sinanodonta sp. into non-native regions is considered to be the 
aquarium trade (Von Proschwitz 2008; Duggan 2010), but 
as this trade is not common in Afghanistan, this explanation 
for S. woodiana invasion is not considered here.

The individuals we collected at Amu Daryan were between 
one and eight years old. The presence of eight-year-old in-
dividuals means that the invasive settlement lives for at least 
seven to eight years, suggesting a rather recent introduction 
in 2012. However, due to the lack of information available 
in Afghanistan and the fact that area of initial invasion is 
unknown, it is difficult to determine the exact date and 
source of the introduction of S. woodiana into this coun-
try. We, therefore, can only propose two scenarios in which 
S. woodiana was introduced to Afghanistan at the glochidia 

stage with Asian carps imported into the  country and/or was 
introduced from neighbouring countries via the Amu Darya 
River. However, it is possible that S. woodiana has arrived via 
some intermediate stations and if so, more freshwater areas 
may be invaded by this species. 

Water temperature is suggested to be a main parameter 
playing a pivotal role in Sinanodonta sp. growth and survival 
(Kraszewski & Zdanowski 2001; Kraszewski 2007; Liu et al. 
2014). It is stated that temperature may affect gametogen-
esis, incubation and glochidia development of S. woodiana 
(Araujo & Ramos 2000; Galbraith & Vaughn 2009). The 
thermophilic character of this species was previously suggested 
by various lines of evidence (Kraszewski 2007; Kraszewski & 
Zdanowski 2007; Demayo et al. 2012; Spyra et al. 2016) but 
S. woodiana has now colonised freshwater ecosystems with 
low temperature (Kamburska et al. 2013). In fact, the spe-
cies is currently known to be resistant to unfavourable situ-
ations even when temperature of water decreases below 0°C 
(Domagala et al. 2007; Lajtner & Crnčan 2011; Labęcka & 
Domagala 2016, this study). In this regard, Kraszewski & 
Zdanowski (2007) reported the highest length of 241 mm 
for S. woodiana in the warmest parts of the heated Konin 
lake system in Poland, while it was 125 mm in moderate 
temperature areas. Here, in the case of Amu Darya in Qala-I-
Zal where the weather temperature sometimes exceeds 45°C 
in summer and drops below 0°C in winter, the maximum 
shell lengths of the collected specimens was 127.40 mm 
and no individuals were observed in the large size class 
(Table 2). Here, the absence of large size mussels cannot be 
related to the temperature: more studies on indigenous and 
non-indigenous populations are needed to exactly determine 
the role of ecological parameters including temperature on 
the length growth and ecological preference of this invasive 
species. Besides temperature, the presence of fish host and 
proper interaction with it is also essential for stimulating 
large larval release of Unionidae (Haag & Warren-Junior 
2003) but as mentioned above, we currently do not have 
enough information on the fish fauna of the Amu Darya 
River in Afghanistan. However, the morphological data of 
our specimens (Table 2) reveals the presence of very small 
class individuals with the age of one and two years, suggesting 
successful reproduction and glochidia development of S. aff. 
woodiana in the sampling region. Velocity of water, substrate 
as well as the presence of macrophytes are also considered to 
affect the density and biomass of S. woodiana (Kraszewski & 
Zdanowski 2007). It was previously stated that this species 
prefers sandy beds with moderate water velocity (Kraszewski & 
Zdanowski 2007), but the studies by Paunovic et al. (2006) 
and Lajtner & Crnčan (2011) indicated that S. woodiana 
prefers the habitats with low water flow or even without it 
as wells as the beds dominated by muddy and salt-silt. The 
region where we collected the mussels had a very low water 
flow with dense covering of macrophytes and the bed was 
dominated by silt substrate. It seems that the details of the 
environmental preference of S. woodiana and the effect of  
habitat features on this invasive species are not yet clear and 
require further study in the future. 

Fig. 4. — Median joining network for COI sequences of Sinanodonta aff. 
woodiana (N = 100; Lineage E (Table 1)). The numbers near branches show 
the number of mutation sites. 
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Although the density and biomass of S. woodiana in an 
invaded area like the Amu Darya River may be significantly 
different from its indigenous habitats, our record of one to 
eight-year-old individuals indicates that S. woodiana can be 
able to survive and breed in the natural environment of the 
Amu Darya in Afghanistan. This is in conflict with the theory 
that alien species are unable to spread beyond regions with 
variable water temperatures and therefore constitute a threat 
for indigenous fauna (Najberek et al. 2013). The resistance 
of S. woodiana to low levels of temperature and its capability 
to adapt to fluctuation could enhance its opportunities to 
colonise new freshwater ecosystems, as previously suggested 
by Douda et al. (2012). As mentioned above, we have recently 
found that S. woodiana inhabits two other areas of the Amu 
Darya in Afghanistan. Considering this discovery and several 
introductions of Asian carps into Afghanistan together with 
the establishment of viable populations of the species in the 
Amu Darya in Uzbekistan, rapid spread and colonisation of 
this invasive bivalve in Amu Darya as a major river in the Mid-
dle Asia and Afghanistan is not unexpected in next future. It 
is also possible that the non-indigenous population of S. aff. 
woodiana we found in Amu Darya may serve as a source for 
future human-mediated spread events. The possible spread 
of invasive S. woodiana may produce some adverse impacts 
on invaded areas. As an  ecosystem engineer, S. woodiana can 
produce changes in the whole system such as aquatic com-
position and structure, as previously reported for Dreissena 
polymorpha (Pallas, 1771). As a wide host generalist (Douda 
et al. 2012), S. woodiana glochidia may adversely effect on 
the growth and physiological traits of host fishes (Douda 
et al. 2017). This species may also be a vector for introducing 
parasites and diseases (Sousa et al. 2014; Lopes-Lima et al. 
2017). Moreover, the higher resistance to metal pollution and 
thermal stress (Bielen et al. 2016) and the more successful 
development the glochidia of S. woodiana lead to a competi-
tive superiority of this species over indigenous mussels (Sousa 
et al. 2014; Huber & Geist 2019). Because of high tempera-
tures during most of the year (exceeding 20°C), it could also 
be assumed that this river can support the establishment and 
further expansion of the invasive S. woodiana along this river 
system in Afghanistan. Therefore, sampling at different seasons 
and locations seems necessary to better estimate the actual 
distribution structure and habitat preference of S. woodiana 
in the Amu Darya River. 

In the future, we will study the mussel and fish fauna of 
the Amu Darya river in Afghanistan and possible spread of 
invasive S. woodiana in different locations of this river. How-
ever, the most significant work at the global level is the exact 
determination of the taxonomic status of Sinanodonta sp. as 
the current status is yet under discussion due to insufficient 
molecular data for native and non-native populations as well 
as the high morphological resemblance among the cryptic taxa 
(Bolotov et al. 2016; Sayenko et al. 2017; Bespalaya et al. 2018; 
Kondakov et al. 2018, 2020b). In fact, large morphological 
variations may complicate Sinanodonta sp. relationships caus-
ing species misidentification (Sano et al. 2017). According to 
the COI distances obtained in the present study (Table 3), 

each clade in our phylogenetic tree could correspond to a 
separate cryptic species, indicating at least eight species-level 
lineages within the Sinanodonta complex, but it is possible 
that more species-level lineages could be detected based on 
a larger molecular data set. In the case of lineage C, the re-
corded sequences from South Korea and Japan in GenBank 
were misidentified as Anodonta arcaeformis (Heude, 1877) 
and S. woodiana. Previously reported sequences from South 
Korea (lineage G) were also misidentified as S. woodiana in 
GenBank, whereas they are two haplotypes of S. schrenkii 
(I. Lea, 1870) (Hap. G3 and G4, Fig. 3). However, many 
nominal taxa are regarded as junior subjective synonyms of 
the Asian pond mussel (Graf & Cummings 2015) and revising 
their taxonomy with respect to recently obtained molecular 
information will be a complicated work. In the previous 
study by Bolotov et al. (2016), the mean P-distance within 
the tropical lineage was 0.3% and no intraspecific variation 
was observed within the temperate invasive lineage. In our 
study, mean COI P-distances observed within the tropical 
and temperate lineages were 0.7 and 0.3% respectively, each 
comprising nine unique haplotypes. High intraspecific varia-
tion has been recorded however  (Källersjö et al. 2005; Soroka 
2010; Prié & Puillandre 2014). Overall, the morphospecies 
of the family Unionidae require revision on the basis of inte-
grative taxonomy together with studying topotypes and type 
series as well as inter- and intraspecific diversity of genetic 
and morphological traits. Valuable steps in the right direction 
have been taken by Bolotov et al. (2015), Klishko et al. (2017) 
and Sayenko et al. (2017). Nevertheless, further work should 
be conducted to assess the taxonomy of this morphologically 
variable group.

Acknowledgements
Sincere thanks to Reza Khaleghi, the expert of the Genetics and 
Biotechnology Laboratory, for his friendly help in this work 
and reviewers for their valuable comments on our manuscript. 

REFERENCES 

aFanaSjev S. a., ZdanowSki B. & kraSZewSki a. 2001. — Growth 
and population structure of the mussel Anodonta woodiana (Lea, 
1834) (Bivalvia, Unionidae) in the heated Konin lakes system. 
Archives of Polish Fisheries 9 (1): 123-131. 

akaike h. 1973. — Information theory and an extension of the 
maximum likelihood principle, in petrov B. n. & cScSáki F. 
(eds), Second International Symposium on Information Theory. 
Akadémiai Kiadó, Budapest: 267-281.

araujo r. & ramoS m. a. 2000. — Status and conservation of 
the relict giant European freshwater pearl mussel Margaritifera 
auricularia (Spengler, 1793). Biology Conservation 96 (2): 233-
239. https://doi.org/10.1016/S0006-3207(00)00075-6

Bauer w. g., Stewart d. t., ceSpedeS r. q., valverde S. a. & 
eaSy r. h. 2021. — DNA Barcoding Evidence of the Tropical 
Invasive Lineage of Sinanodonta woodiana in Costa Rica. Neo-
tropical Naturalist 5: 1-8. 

Beran l. 1997. — First record of Sinanodonta woodiana (Mol-
lusca: Bivalvia) in the Czech Republic. Acta Societatis Zoologica 
Bohemicae 61: 1-2.

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=K%C3%A4llersj%C3%B6%2C+Mari
https://doi.org/10.1016/S0006-3207(00)00075-6


144 ZOOSYSTEMA • 2024 • 46 (6) 

Kashiri H. et al.

Beran l. 2020. — First records of Sinanodonta woodiana (Lea, 1834) 
and Corbicula fluminea (O. F. Müller, 1774) (Mollusca, Bivalvia) 
from the Adriatic part of Croatia. Folia Malacologica 28 (4): 295-
302. https://doi.org/10.12657/folmal.028.024

BeSpalaya y. v., Bolotov i. n., akSenova o. v., goFarov 
m. y., kondakov a. v., vikhrev i. v. & vinaSki m. v. 
2018. — DNA barcoding reveals invasion of two cryptic Sina-
nodonta mussel species (Bivalvia: Unionidae) into the largest 
Siberian river. Limnologica 69: 94-102. https://doi.org/10.1016/j.
limno.2017.11.009

Bielen a., Bošnjak i., SepČiĆ k., jakliČ m., cvitaniĆ m., lušiĆ j., 
lajtner j., SimČiČ t. & hudina S. 2016. — Differences in 
tolerance to anthropogenic stress between invasive and native 
bivalves. Science of the Total Environment 543 (Part A): 449-459. 
https://doi.org/10.1016/j.scitotenv.2015.11.049

Bogan a. e. & SchilthuiZen m. 2004. — First report of the 
introduced freshwater bivalve, Anodonta woodiana (Lea, 1834) 
from the island of Borneo, Sabah, Malaysia. Ellipsaria 6 (1): 5. 

Bogan a. e., BowerS-altman j. & raley m. 2011a. — A new 
threat to conservation of North American freshwater mussels: 
Chinese Pond Mussel (Sinanodonta woodiana) in the United 
States. Tentacle 19: 39-40.

Bogan a. e., BowerS-altman j. & raley m. 2011b. — The 
first confirmed record of the Chinese pond mussel (Sinanodonta 
woodiana) (Bivalvia: Unionidae) in the United States. The Nau-
tilus 125 (1): 41-43.

Bogan a. e., al-Fanharawi a. a. & lopeS-lima m. 2021. — 
First record of Sinanodonta woodiana and report for freshwater 
bivalves from Iraq (Mollusca: Bivalvia: Unionidae). Ecologica 
Montenegrina 46: 52-60. https://doi.org/10.37828/em.2021.46.2

Bohme m. 1998. — Ein neuer Fundort der Chinesischen Teich-
muschel (Sinanodonta woodiana) in Mitteleuropa. Heldia 2 
(5-6): 166.

Bolotov i. n., BeSpalaya y. v., vikhrev i. v., akSenova o. 
v., aSpholm p.e., goFarov m. y., kliShko o. k., koloSova 
y. v., kondakov a. v., lyuBaS a. a., paltSer i. S., konopleva 
i. S., tumpeeSuwan S., Bolotov n. i. & voroShilova i. S. 
2015. — Taxonomy and distribution of freshwater pearl mussels 
(Unionoida: Margaritiferidae) of the Russian Far East. PLoS One 
10 (5): e0122408. https://doi.org/10.1371/journal.pone.0122408.

Bolotov i. n., BeSpalaya y. v., goFarov m. y., kondakov 
a. v., konopleva e. S. & vikhrev i. v. 2016. — Spread-
ing of the Chinese pond mussel, Sinanodonta woodiana, across 
Wallacea: One or more lineages invade tropical islands and 
Europe. Biochemical Systematics and Ecology 67: 58-64. https://
doi.org/10.1016/j.bse.2016.05.018

Brandt r. a. m. 1974. — The non-marine aquatic Mollusca of 
Thailand. Archiv fur Molluskenkunde 105: 1-423. 

cappelletti c., cianFanelli S., Beltrami m. e. & ciutti F. 
2009. — Sinanodonta woodiana (Lea, 1834) (Bivalvia: Unio-
nidae): a new non-indigenous species in Lake Garda. Aquatic 
Invasions 4 (4): 685-688. https://doi.org/10.3391/ai.2009.4.4.15

cilenti l., mancinelli g., Scirocco t., Specchiulli a. 2019. — 
First record of Sinanodonta woodiana (Lea, 1834) in an artificial 
reservoir in the Molise region, Southeast Italy. BioInvasions 
Records 8 (2): 320-328. https://doi.org/10.3391/bir.2019.8.2.14

demayo g. c., caBacaBa c. k. m. & torreS j. m. a. 2012. — 
Shell shapes of the Chinese pond mussel Sinanodonta woodiana 
(Lea, 1834) from Lawis Stream in Iligan City and Lake Lanao 
in Mindanao, Philippines. Advances in Environmental Biol-
ogy 6 (4): 1468-1473.

djajaSaSmita m. 1982. — The occurrence of Anodonta woodiana 
lea, 1837 in Indonesia (Pelecypoda: Unionidae). Veliger 25: 175. 

domagala j., ŁaBecka a. m., migdalSka B. & pilecka-rapacZ 
m. 2007. — Colonisation of the channels of Miedzyodrze (north-
western Poland) by Sinanodonta woodiana (Lea, 1834) (Bivalvia: 
Unionidae). Polish Journal of Natural Sciences 22 (4): 679-690. 
https://doi.org/10.2478/V10020-007-0058-8

douda k. & cadkova Z. 2017. — Water clearance efficiency 
indicates potential filter-feeding interactions between invasive 
Sinanodonta woodiana and native freshwater mussels. Biologi-
cal Invasions 20: 1093-1098. https://doi.org/10.1007/s10530-
017-1615-x

douda k., vrtilek m., Slavik o. & reichard m. 2012. — The 
role of host specificity in explaining the invasion success of the 
freshwater mussel Anodonta woodiana in Europe. Biological Inva-
sions 14: 127-137. https://doi.org/10.1007/s10530-011-9989-7

douda k., velíšek j., koláŘová j., rylková k., Slavík o., 
horký p. & langrová i. 2017. — Direct impact of invasive 
bivalve (Sinanodonta woodiana) parasitism on freshwater fish 
physiology: evidence and implications. Biological Invasions 19: 
989-999. https://doi.org/10.1007/s10530-016-1319-7

duggan i. c. 2010. — The freshwater aquarium trade as a vector 
for incidental invertebrate fauna. Biological Invasions 12: 3757-
3770. https://doi.org/10.1007/s10530-010-9768-x.

ercan e., gayguSuZ o., tarkan a. S., reichard m. & Smith c. 
2012. — The ecology of freshwater bivalves in the Lake Sapanca 
basin, Turkey. Turkish Journal of Zoology 37 (6): 730-738. https://
doi.org/10.3906/zoo-1212-23

FornilloS r. j. c., que g. c. l., mendoZa r. v. d. & 
Fontanilla i. k. c. 2020. — Molecular identification of 
the Chinese pond mussel Sinanodonta woodiana (Lea, 1834) 
from Mindoro and Leyte Islands, Philippines. Science Dili-
man 32 (2): 77-96.

FrouFe e., lopeS-lima m., riccardi n., Zaccara S., vanetti i., 
lajtner j., teixeira a., varandaS S., prié v., ZieritZ a., 
SouSa r. & Bogan a. e. 2017. — Lifting the curtain on the 
freshwater mussel diversity of the Italian Peninsula and Croatian 
Adriatic coast. Biodiversity and Conservation 26: 3255-3274. 
https://doi.org/10.1007/s10531-017-1403-zSO

galBraith h. S. & vaughn c. c. 2009. — Temperature and 
food interact to influence gamete development in fresh water 
mussels. Hydrobiologia 636: 35-47: https://doi.org/10.1007/
s10750-009-9933-3

girardi h. & ledoux j. c. 1989. — Presence d Anodonta woodi-
ana (Lea) en France (Mollusques, Lamellibranches, Unionidae). 
Bulletin Mensuel de la Societe Linneenne de Lyon 58: 186-290.

gloer p. & Zeittler m. l. 2005. — Kommentierte Artenliste 
der Suswasser mollusken. Deutschlands Malakologische Abhand-
lungen 23: 3-23.

graF d. l. 2007. — Palearctic freshwater mussel (Mollusca: 
Bivalvia: Unionida) diversity and the comparatory method as a 
species concept. Proceedings of the Academy of Natural Sciences of 
Philadelphia 156: 71-88. 

graF d. l. & cummingS k. S. 2007. — Review of the systematics 
and global diversity of freshwater mussel species (Bivalvia: Unio-
noida). Journal of Molluscan Studies 73 (4): 291-314. https://doi.
org/10.1093/mollus/eym029

graF d. l. & cummingS k. S. 2015. — The Freshwater Mus-
sels (Unionoida) of theWorld (And Other Less Consequential 
Bivalves) updated 5 August 2015. MUSSEL Project Web Site. 
http://www.mussel-project.net/

guarneri i., popa o. p., gola l., kamBurSka l., lauceri r., 
lopeS-lima m., popa l. o. & riccardi n. 2014. — A mor-
phometric and genetic comparison of Sinanodonta woodiana (Lea, 
1834) populations: does shape really matter? Aquatic Invasions 9 
(2): 183-194. https://doi.org/10.3391/ai.2014.9.2.07

haag w. r. & warren-junior m. l. 2003. — Host fishes and 
infection strategies of freshwater mussels in large mobile basin 
streams, USA, Oxford. Journal of the North American Bentho-
logical Society 22 (1): 78-91. https://doi.org/10.2307/1467979 

hall t. a. 1999. — BioEdit: a user-friendly biological sequence 
alignment editor and analysis program for Windows 95/98/NT. 
Nucleic Acids Symposium Series 41: 95e98.

huang x. c., Su j. h., ouyang j. x., ouyang S., Zhou c. h. & 
wu x. p. 2019. — Towards a global phylogeny of freshwater 

https://doi.org/10.12657/folmal.028.024
https://doi.org/10.1016/j.limno.2017.11.009
https://doi.org/10.1016/j.limno.2017.11.009
https://doi.org/10.1016/j.scitotenv.2015.11.049
https://doi.org/10.37828/em.2021.46.2%20
http://dx.doi.org/10.1371/journal.pone.0122408
http://dx.doi.org/10.3391/ai.2009.4.4.15
https://doi.org/10.3391/bir.2019.8.2.14
https://doi.org/10.2478/V10020-007-0058-8
https://doi.org/10.1007/s10530-017-1615-x
https://doi.org/10.1007/s10530-017-1615-x
https://doi.org/10.1007/s10530-011-9989-7
https://doi.org/10.1007/s10530-016-1319-7
https://doi.org/10.1007/s10530-010-9768-x
https://doi.org/10.3906/zoo-1212-23
https://doi.org/10.3906/zoo-1212-23
https://doi.org/10.1007/s10531-017-1403-z
http://dx.doi.org/10.1007/s10750-009-9933-3
http://dx.doi.org/10.1007/s10750-009-9933-3
https://doi.org/10.1093/mollus/eym029
https://doi.org/10.1093/mollus/eym029
http://www.mussel-project.net/
http://dx.doi.org/10.3391/ai.2014.9.2.07


145 

The presence of Sinanodonta aff. woodiana in Afghanistan

ZOOSYSTEMA • 2024 • 46 (6)

mussels (Bivalvia: Unionida): Species delimitation of Chinese 
taxa, mitochondrial phylogenomics, and diversification patterns. 
Molecular Phylogenetics and Evolution 130: 45-59. https://doi.
org/10.1016/j.ympev.2018.09.019

huBenov Z. 2006. — Anodonta (Sinanodonta) woodiana (Lea, 
1834) (Mollusca: Bivalvia: Unionidae): a new invasive species for 
the Bulgarian malacofauna. Acta Zoologica Bulgarica 58: 37-42. 

huBer v. & geiSt j. 2019. — Reproduction success of the inva-
sive Sinanodonta woodiana (Lea 1834) in relation to native 
mussel species. Biological Invasions 21: 3451-3465. https://doi.
Org/10.1007/S10530-019-02060-3.

huelSenBeck j. p. & ronquiSt F. 2001. — MRBAYES: Bayesian 
inference of phylogenetic trees. Bioinformatics 17 (8): 754-755. 
https://doi.org/10.1093/bioinformatics/17.8.754.

källerSjö m., von proSchwitZ t., lundBerg S., eldenäS p. & 
erSéuS c. 2005. — Evaluation of ITS rDNA as a complement 
to mitochondrial gene sequences for phylogenetic studies in 
freshwater mussels: an example using Unionidae from north-
western Europe. Zoologica Scripta 34 (2): 415e424. https://doi.
org/10.1111/j.1463-6409.2005.00202.x

kamBurSka l., lauceri r. & riccardi n. 2013. — Establishment 
a new alien species in Lake Maggiore (Northern Italy): Anodonta 
(Sinanodonta) woodiana (Lea, 1834) (Bivalvia: Unionidae). Aquatic 
Invasions 8 (1): 111-116. https://doi.org/10.3391/ai.2013.8.1.13

karaouZaS i., gonçalveZ d. v., riccardi n., varandaS S., 
FrouFe e., ZogariS S. & lopeS-lima m. 2022. — First established 
population of the Chinese pond mussel Sinanodonta woodiana 
(Lea, 1834) (Bivalvia: Unionidae) in Greece. BioInvasions Records 
11 (1): 165-172. https://doi.org/10.3391/bir.2022.11.1.16

karatayev a.y., padilla d. k., minchin d., BoltovSkoy v. & 
Burlakova l. e. 2007. — Changes in global economies and 
trade: the potential spread of exotic freshwater bivalves. Biological 
Invasions 9: 161-180. https://doi.org/10.1007/s10530-006-9013-9

karatayev a. y., Burlakova l. e., maStitSky S. e. & padilia d. 
2015. — Predicting the spread of aquatic invaders: insight from 
200 years of invasion by zebra mussels. Ecological Applications 22 
(5): 430-440. https://doi.org/10.1890/13-1339.1 

kliShko o., lopeS-lima m., FrouFe e., Bogan a., vaSiliev l. & 
yanovich l. 2017. — Taxonomic reassessment of the freshwater 
mussel genus Unio (Bivalvia: unionidae) in Russia and Ukraine 
based on morphological and molecular data. Zootaxa 4286: 
93-112. https://doi.org/10.11646/zootaxa.4286.1.4

kondakov a. v., palatov d. m., rajaBov Z. p., goFarov 
m. y., konopleva e. S., tomilova a. a., vikhrev i. v. & 
Bolotov i. n. 2018. — DNA analysis of a non-native lineage 
of Sinanodonta woodiana species complex (Bivalvia: Unionidae) 
from Middle Asia supports the Chinese origin of the European 
invaders. Zootaxa 4462 (4): 511-522. https://doi.org/10.11646/
zootaxa.4462.4.4

kondakov a. v., BeSpalayS y. v., vikhrev i. v., konopleva 
e. S., goFarov m. y., tomilova a. a., vinarSki m. v. & 
Bolotov i. n. 2020a. — The Asian pond mussels rapidly 
colonize Russia: successful invasions of two cryptic species to 
the Volga and Ob rivers. BioInvasions Records 9 (3): 504-518. 
https://doi.org/10.3391/bir.2020.9.3.07

kondakov a. v., konopleva e. S., vikhrev i. v., BeSpalaya 
y. v., goFarov m. y., kaBakov m. B., tomilova a. a., 
vinarSki m. v. & Bolotov i. n. 2020b. — Phylogeographic 
affinities, distribution and population status of the non-native 
Asian pond mussels Sinanodonta lauta and S. woodiana in 
Kazakhstan. Ecologica Montenegrina 27: 22-34. https://doi.
org/10.37828/em.2020.27.3

koSel v. 1995. — The first record of Anodonta woodiana (Mollusca, 
Bivalvia) in Slovakia. Acta Zoologica Universitatis Comenianae, 
Bratislava 39: 3-8.

kraSZewSki a. & ZdanowSki B. 2001. — The distribution and 
abundance of the Chinese mussel Anodonta woodiana (Lea, 1834) 
in the heated Konin Lakes. Archives of Polish Fisheries 9: 253-265. 

kraSZewSki a. 2007. — The continuing expansion of Sinanodonta 
woodiana (Lea, 1834) (Bivalvia: Unionidae) in Poland and 
Europe. Folia Malacologica 15: 65-69. https://doi.org/10.12657/
folmal.015.007 

kraSZewSki a. & ZdanowSki B. 2007. — S. woodiana (Lea, 
1834) (Mollusca) a new mussel species in Poland: occurrence 
and habitat preferences in a heated lake system. Polish Journal 
of Ecology 55: 337-356.

kuBín m. 2013. — First record of Chinese pond mussel (Sinano-
donta woodiana) in the Moravian Wallachia (Czech republic). 
Acta Carpathica Occidentalis 4: 96-97. 

laBĘcka a. m. & domagala j. 2016. — Continuous reproduction 
of Sinanodonta woodiana(Lea, 1824) females: an invasive mussel 
species in a female-biased population. Hydrobiologia 810: 57-76. 
https://doi.org/10.1007/s10750-016-2835-2

lajtner j. & crnČan p. 2011. — Distribution of the invasive bivalve 
Sinanodonta woodiana (Lea, 1834) in Croatia. Aquatic Invasions 
6 (1): S119-S124. https://doi.org/10.3391/ai.2011.6.S1.027

leigh j. w. & Bryant d. 2015. — PopART: Full-feature software 
for haplotype network construction. Methods in Ecology and 
Evolution 6 (9): 1110-1116. https://doi.org/10.1111/2041-
210X.12410

li y., yang h., liu n., lue j., wang q., wang l. 2015. — 
Cadmium accumulation and metallothionein biosynthesis in 
cadmium-treated freshwater mussel Anodonta woodiana. PLoS 
ONE 1: 1-15. https://doi.org/10.1371/journal.pone.0117037

liu j., hayaShi h., inajuma y., ikematSu S., Shimatani y., 
minagawa t. 2014. — Factors of water quality and feeding 
environment for a freshwater mussel’s (Anodonta lauta) survival 
in a restored wetland. Wetlands 34 (5): 865-876. 

lopeS-lima m., SouSa r., geiSt j., aldridge d. c., araujo r., 
Bergengren j., BeSpalaya y., BodiS e., Burlakova l., van 
damme d., douda k., FrouFe e., georgiev d., gumpinger 
c., karatayev a., keBapçi Ü., kileen i., lajtner j., larSen 
B. m., roSaria l., legakiS a., loiS S., lundBerg S., moork-
enS e., motte g., nagel k. o., ondina p., outerio a., 
paunovic m., prie v., von proSchwitZ t., riccardi 
n., rudZite m., Scheder c., Seddon m., SereFliSan h., 
Simic v. m., Sokolova S., Sockl k., taSkinen j., teixeira 
a., thielen F., tricjkova t., varandaS S., vicentini h., 
Zajac k., Zajac t. & ZogariS S. 2017. — Conservation sta-
tus of freshwater mussels in Europe: state of the art and future 
challenges. Biological Reviews 92 (1): 572-607. https://doi.
org/10.1111/brv.12244

lydeard c., cowie r. h., ponder w. F., Bogan a. e., Bou-
chet p., clark S. a., cummingS k. S., FreSt t. j., gargominy 
o., herBert d. g., herShler r., pereZ k. e., roth B., Sed-
don m. B., Strong e. e. & thompSon F. g. 2004. — The 
global decline of nonmarine mollusks. BioScience 54 (4): 321-
330. https://doi.org/10.1641/0006-3568(2004)054[0321:TGD
ONM]2.0.CO;2

manganelli g., Bodon m., Favilli l., caStagnolo l. & 
giuSti F. 1998. — Checklist delle specie della fauna d’Italia, 
molluschi terrestri e d’acqua dolce. Errata and addenda, 1. Bollet-
tino Malacologico Italiano 33: 151-156. 

mouthon j. 2008. — Discovery of Sinanodonta woodiana (Lea, 
1834) (Bivalvia: Unionacea) in an eutrophic reservoir: The Grand 
Large upstream from Lyon (Rhône, France). MalaCo 5: 241-243. 

munjiu o. & ShuBernetSki i. 2008. — First record of Sinanodonta 
woodiana (Lea, 1834) Bivalvia: Unionidae) in Moldova. Aquatic 
Invasions 3 (4): 441-442. https://doi.org/10.3391/ai.2008.3.4.12

najBerek k., SolarZ w., król w., pepkowSka-król a., 
StrZalka m. 2013. — New location of the Chinese mussel 
Sinanodonta woodiana in Przeręb ponds near the town of Zator. 
Chrońmy Przyrodę Ojczystą 68: 155-158.

packet j., van den neucker t. & SaBlon r. 2009. — Distribu-
tion of the Chinese pond mussel, Sinanodonta woodiana (Lea, 
1834) in Flanders (Belgium): ready for the invasion? Brussels, 

https://doi.org/10.1016/j.ympev.2018.09.019
https://doi.org/10.1016/j.ympev.2018.09.019
https://doi.org/10.1007/s10530-019-02060-3
https://doi.org/10.1007/s10530-019-02060-3
https://doi.org/10.1093/bioinformatics/17.8.754
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Elden%C3%A4s%2C+Pia
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Ers%C3%A9us%2C+Christer
https://doi.org/10.1111/j.1463-6409.2005.00202.x
https://doi.org/10.1111/j.1463-6409.2005.00202.x
http://dx.doi.org/10.3391/ai.2013.8.1.13
https://doi.org/10.3391/bir.2022.11.1.16
https://doi.org/10.1890/13-1339.1
https://doi.org/10.11646/zootaxa.4286.1.4
https://doi.org/10.11646/zootaxa.4462.4.4
https://doi.org/10.11646/zootaxa.4462.4.4
http://dx.doi.org/10.3391/bir.2020.9.3.07
https://doi.org/10.37828/em.2020.27.3%20
https://doi.org/10.37828/em.2020.27.3%20
https://doi.org/10.12657/folmal.015.007
https://doi.org/10.12657/folmal.015.007
https://doi.org/10.1007/s10750-016-2835-2
https://doi.org/10.3391/ai.2011.6.S1.027
https://doi.org/10.1111/2041-210X.12410
https://doi.org/10.1111/2041-210X.12410
https://doi.org/10.1371/journal.pone.0117037
https://doi.org/10.1111/brv.12244
https://doi.org/10.1111/brv.12244
http://dx.doi.org/10.1641/0006-3568(2004)054%5b0321:TGDONM%5d2.0.CO;2
http://dx.doi.org/10.1641/0006-3568(2004)054%5b0321:TGDONM%5d2.0.CO;2
https://doi.org/10.3391/ai.2008.3.4.12


146 ZOOSYSTEMA • 2024 • 46 (6) 

Kashiri H. et al.

Belgium: Research Institute for Nature and Forest. http://ias.biodi-
versity.be/meetings/200905_science_facing_aliens/poster_21.pdf

paunovic m., Simic v., jakovcev-todorovic d. & Sto-
janovic B. 2005. — Results on macroinvertebrate community 
investigation in the Danube River in the sector upstream the 
Iron Gate (1083-1071 km). Archives of Biological Sciences, Bel-
grade 57 (1): 57-63.

paunovic m., cSanyi B., Simic v., Stojanovic B. & cakie p. 
2006. — Distribution of Anodonta (Anodonta) woodiana (Rea, 
1834) in inland waters of Serbia. Aquatic Invasions 1 (3): 154-
160. https://doi.org/10.3391/ai.2006.1.3.10

petro e. 1984. — Occurrence of Anodonta woodiana (Lea, 1834) 
(Bivalvia: Unionacea) in Hungary. Allatani kozlemenyek 71: 
181-191.

popa o. p., keleman B. S., murariu d. & popa l. o. 2007. — 
New record of Sinanodonta woodiana (Lea, 1834) (Mollusca: 
Bivalvia: Unionidae) from Eastern Romania. Aquatic Invasions 2: 
265-267. https://doi.org/10.3391/ai.2007.2.3.12

poSada d. & crandall k. a. 1998. — Modeltest: testing the 
model of DNA substitution. Bioinformatics 14 (9): 817-818. 
https://doi.org/10.1093/bioinformatics/14.9.817 

pou-rovira q., araujo r., Boix d., clavero m., Feo c., ordeix 
m. & Zamora i. 2009. — Presence of the alien Chinese pond 
mussel Anodonta woodiana (Lea, 1834) (Bivalvia, Unionidae) in the 
Iberian Peninsula. Graellsia 65: 67-70. https://doi.org/10.3989/
graellsia.2009.v65.i1.137

prié v. & puillandre n. 2014. — Molecular phylogeny, taxonomy, 
and distribution of French Unio species (Bivalvia, Unionidae). 
Hydrobiologia 735: 95e110. https://doi.org/10.1007/s10750-
013-1571-0

ramBaut a. 2008. — FigTree v1.1.1: Tree figure drawing tool. 
Available at: http://tree.bio.ed.ac.uk/software/figtree/. Accessed 
on 20 June 2008

reiSchutZ p. l. 1998. — Vorschlag fur deutsche Namen der in 
Osterreich nachgewiesenen Schnecken- und Muschelarten. 
Nachichtenblam der ersten orarlberger Malakologischen Gesells-
chaft 6: 31-44. 

SamBrook j., FritSchi e. F. & maniatiS t. 1989. — Molecular 
cloning: a laboratory manual. Cold Spring Harbor Laboratory 
Press, New York, 1659 p. 

Sano i., Shirai a., kondo t. & miyaZaki j. i. 2017. — Phylo-
genetic relationships of Japanese Unionoida (Mollusca: bivalvia) 
based on mitochondrial 16S rDNA sequences. Journal of Water 
Resource and Protection 9 (5): 493-509. https://doi.org/10.4236/
jwarp.2017.95032

Sárkány-kiSS a. 1986. — Anodonta woodiana (Lea, 1834) a new 
species in Romania (Bivalvia: Unionacea). Travaux du Museum 
d’Histoire Naturelle “Grigore Antipa” 28: 15-17.

Sayenko e. m., Soroka m. & kholin S. k. 2017. — Comparison 
of the species Sinanodonta amurensis Moskvicheva, 1973 and 
Sinanodonta primorjensis Bogatov et Zatrawkin, 1988 (Bivalvia: 
Unionidae: Anodontinae) in view of variability of the mitochon-
drial DNA cox1 gene and conchological features. Biology Bulletin 
of the Russian Academy of Sciences 44 (3): 266-276. https://doi.
org/10.1134/S1062359017030086

Soroka m. 2005. — Genetic variability among freshwater mussel 
Anodonta woodiana (Lea, 1834) populations recently introduced 
in Poland. Zoological Science 22 (10): 1137-1144. https://doi.
org/10.2108/zsj.22.1137 

Soroka m. 2010. — Characteristics of mitochondrial DNA of unio-
nid bivalves (Mollusca: Bivalvia: Unionidae). II. Comparison of 
complete sequences of maternally inherited mitochondrial genomes 
of Sinanodonta woodiana and Unio pictorum. Folia Malacologica 
18 (4): 189-209. https://doi.org/10.2478/v10125-010-0016-x

Soroka m., urBaŃSka m. & andrZejewSki w. 2014. — Chinese 
pond mussel Sinanodonta woodiana (Lea, 1834) (Bivalvia): origin 
of the polish population and GenBank data. Journal of Limnol-
ogy 73 (3): 454-458. https://doi.org/10.4081/jlimnol.2014.938

SouSa r., nogueria a. j. a., gaSpar m., antuneS c. & guil-
hermino l. 2008. — Growth and extremely high production of 
the non-indigenous invasive species Corbicula fluminea (Muller, 
1774): possible implications for ecosystem functioning. Estu-
arian, Coastal and Shelf Science 80 (2): 289-295. https://doi.
org/10.1016/j.ecss.2008.08.006

SouSa r., novaiS a., coSta r. & Strayer d. l. 2014. — Invasive 
bivalves in fresh waters: impacts from individuals to ecosystems 
and possible control strategies. Hydrobiologia 735 (1): 233-251. 
https://doi.org/10.1007/s10750-012-1409-1

Spyra a., StrZelec m., lewin i., krodkiewSka m., michalik-
kucharZ a. & gara m. 2012. — Characteristics of Sinano-
donta woodiana (Lea, 1834) populations in fish ponds (upper 
Silesia, Southern Poland) in relation to environmental factors. 
International Review of Hydrobiology 97 (1): 12-25 https://doi.
org/10.1002/iroh.201111425

Spyra a., jedraSZewSka n., StrZelekc m. & krodkiewSka m. 
2016. — Further expansion of the invasive mussel Sinano-
donta woodiana (Lea, 1834) in Poland – establishment of a 
new locality and population features. Knowledge and Manage-
ment of Aquatic Ecosystems 417: 41. https://doi.org/10.1051/
kmae/2016028

StelBrink B., von rintelen t., alBrecht c., clewing c. & 
naga p. o. 2019. — Forgotten for decades: Lake Lanao and the 
genetic assessment of its mollusc diversity. Hydrobiologia 843: 
31-49. https://doi.org/10.1007/s10750-018-3666-0

SwoFFord d. l. 2003. — PAUP: Phylogenetic analysis using 
parsimony (and other methods). Version 4, Sinauer Associates, 
Sunderland, Massachusetts.

tamura k., Stecher g., peterSon d., FilipSki a. & kumar S. 
2013. — MEGA6: molecular evolutionary genetics analysis ver-
sion 6.0. Molecular Biology and Evolution 30 (12): 2725-2729. 
https://doi.org/10.1093/molbev/mst197 

tomoviĆ j., ZoriĆ k., SimiĆ v., koStiĆ m., kijajiĆ Z., lajt-
ner j. & paunoviĆ m. 2013. — The first record of the Chinese 
pond mussel Sinanodonta woodiana (Lea, 1834) in Montenegro. 
Archives of Biological Sciences 65 (4): 1523-1533. https://doi.
org/10.2298/ABS1304525T

uvaliyeva k. k. 2001. — The most important results of the 
systemic-ecological research of molluscs from the arid zone of 
Kazakhstan. Zhytomyr Ivan Franko State University Journal 10: 
130-132 (in Russian, English abstract).

vikhrev i. v., konopleva e. S., goFarov m. y., kondakov a. v., 
chapurina y. e. & Bolotov i. n. 2017. — A tropical biodiver-
sity hotspot under the new threat: discovery and DNA barcoding 
of the invasive Chinese pond mussel Sinanodonta Woodiana in 
Myanmar. Tropical Conservation Science 10: 1-11. https://doi.
org/10.1177/1940082917738151

villeSen p. 2007. — FaBox: an online toolbox for matrix choice. 
Nucleic Acids Research 22: 4673-4680. https://doi.org/10.1111/
j.1471-8286.2007.01821.x

von proSchwitZ t. 2008. — The Chinese giant mussel – Sinano-
donta woodiana (Lea, 1834) (Bivalvia, Unionidae) – an unwelcome 
addition to the Swedish fauna. Basteria 72: 307-311. 

walker j. m., curole j. p., wade d. e., chapman e. g., Bogan 
a. e., watterS g. t. & hoeh w. r. 2006. — Taxonomic 
distribution and phylogenetic utility of gender-associated mito-
chondrial genomes in the Unionoida (Bivalvia). Malacologia 
48: 265-282. 

walker j. m., Bogan a. e., BonFiglo e. a., campBell d. c., 
chriStian a. d., curole j. p., harriS j. l., wojtecki r. j. & 
hoeh w. r. 2007. — Primers for amplifying the hypervariable, 
male-transmitted COII-COI junction region in amblemine fresh-
water mussels (Bivalvia: Unionoidea: Ambleminae). Molecular 
Ecology Notes 7 (3): 489-491. https://doi.org/10.1111/j.1471-
8286.2006.01630.x

watterS g. t. 1997. — A synthesis and review of the expanding 
range of the Asian freshwater mussel Anodonta woodiana (Lea, 

https://doi.org/10.3391/ai.2006.1.3.10
https://doi.org/10.3391/ai.2007.2.3.12
https://doi.org/10.1093/bioinformatics/14.9.817
https://doi.org/10.3989/graellsia.2009.v65.i1.137
https://doi.org/10.3989/graellsia.2009.v65.i1.137
https://doi.org/10.1007/s10750-013-1571-0
https://doi.org/10.1007/s10750-013-1571-0
http://tree.bio.ed.ac.uk/software/figtree/
https://www.scirp.org/journal/journalarticles.aspx?journalid=46
https://www.scirp.org/journal/journalarticles.aspx?journalid=46
https://doi.org/10.4236/jwarp.2017.95032
https://doi.org/10.4236/jwarp.2017.95032
https://doi.org/10.1134/S1062359017030086
https://doi.org/10.1134/S1062359017030086
https://doi.org/10.2108/zsj.22.1137
https://doi.org/10.2478/v10125-010-0016-x
https://doi.org/10.1016/j.ecss.2008.08.006
https://doi.org/10.1016/j.ecss.2008.08.006
https://doi.org/10.1007/s10750-012-1409-1
http://dx.doi.org/10.1002/iroh.201111425
http://dx.doi.org/10.1002/iroh.201111425
https://doi.org/10.1051/kmae/2016028
https://doi.org/10.1051/kmae/2016028
https://doi.org/10.1007/s10750-018-3666-0
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.2298/ABS1304525T
https://doi.org/10.2298/ABS1304525T
https://doi.org/10.1177/1940082917738151
https://doi.org/10.1177/1940082917738151
https://doi.org/10.1111/j.1471-8286.2007.01821.x
https://doi.org/10.1111/j.1471-8286.2007.01821.x
https://doi.org/10.1111/j.1471-8286.2006.01630.x
https://doi.org/10.1111/j.1471-8286.2006.01630.x


147 

The presence of Sinanodonta aff. woodiana in Afghanistan

ZOOSYSTEMA • 2024 • 46 (6)

1834) )Bivalvia: Unionidae). The Veliger 40 (2): 152-156. 
watterS g. t. 1998. — The continuing saga of Anodonta woodi-

ana. Triannual Unionid Report 14: 10. 
watterS g. t. 1999. — More Anodonta woodiana. Triannual 

Unionid Report 17: 18. 
watterS g. t. & coltro j. 2014. — First record of the invasive 

freshwater mussel Sinanodonta woodiana (Lea, 1834) in Guate-
mala. Ellipsaria 16 (3): 11-12.

yuriShinetS v. i. & korniuShin a. v. 2001. — The new spe-
cies in the fauna of Ukraine Sinanodonta woodiana (Bivalvia: 
Unionidae), its diagnostics and possible ways of introduction. 
Vestnik zoologii 35 (1): 79-84.

Zettler m. l. & jueg u. 2006. — The situation of the freshwater 
mussel Unio crassus (Philipsson, 1788) in north-east Germany 

and its monitoring in terms of the EC Habitats Directive. Mol-
lusca 25 (2): 165-174.

ZieritZ a., lopeS-lima m., Bogan a. e., SouSa r., walton S., 
rahim k. a. a., wilSon j. j., ng p. y., FrouFe e. & mcgowan 
S. 2016. — Factors driving changes in reshwater mussel (Bival-
via, Unionida) diversity and distribution in Peninsular Malaysia. 
Science of the Total Environment 571: 1069-1078. https://doi.
org/10.1016/j.scitotenv.2016.07.098

ZieritZ a., Bogan a. e. FrouFe e. kliShko o., kondo t., 
kovitvadhi u., kovitvadhi S., lee j. h., lopeS-lima m., 
pFeiFFer j. m. & SouSa r. 2018. — Diversity, biogeography 
and conservation of freshwater mussels (Bivalvia: Unionida) in 
East and Southeast Asia. Hydrobiologia 810 (1): 29-44. https://
doi.org/10.1007/s10750-017-3104-8

Submitted on 5 September 2022; 
accepted on 7 October 2023; 

published on 12 March 2024.

https://doi.org/10.1016/j.scitotenv.2016.07.098
https://doi.org/10.1016/j.scitotenv.2016.07.098
https://doi.org/10.1007/s10750-017-3104-8
https://doi.org/10.1007/s10750-017-3104-8

