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Abstract

A new large population of the Asian clam Corbicula 
� uminea (O. F. Müller, 1774) was found within a reach 
(ca 210 km long) of one of the largest European rivers, the 
Vistula. The largest population and the largest individuals 
were found at the outlet of a channel collecting heated 
water from the cooling process at the Połaniec power 
station and adjacent parts of the river. In the northern 
part of the study area, bivalves occurred at the channel 
margins, in groyne � elds, and in the shallows of sand banks 
or sandbars. The clams were less numerous in places where 
the river was regulated with straightened banks and stone 
ripraps. Twenty-� ve other taxa of mollusks were found 
altogether at the sampling stations where Corbicula was 
observed, including other non-indigenous mollusk species.  

Key words: invasive alien species; non-
indigenous bivalves; Vistula River; thermal 
pollution; geographic distribution 



76
Maciej Bonk, Katarzyna Zając, Anna M. Lipińska

www.oandhs.ocean.ug.edu.plwww.oandhs.ocean.ug.edu.plwww.oandhs.ocean.ug.edu.pl

Oceanological and Hydrobiological Studies, VOL. 47, ISSUE 1 | MARCH 2018

© Fa c u l t y  o f  O c e a n o g r a p h y  a n d  G e o g r a p h y,  U n i v e r s i t y  o f  G d a ń s k ,  Po l a n d .  A l l  r i g h t s  r e s e r v e d .

Introduction

Mussels and clams (Bivalvia) are among the most 
invasive animals in freshwater ecosystems (Francis & 
Chadwick 2012). They include Corbicula fluminea (O. F. 
Müller, 1774), regarded as one of the 100 most invasive 
species in Europe (Minchin 2009). 

The species originates in Southeast Asia. Genetic 
studies imply that expansive strains are of hermaphro-
ditic, androgenetic lineages with extremely low levels 
of genetic diversity (like clones) and originate in Japan 
(Pigneur et al. 2014). Currently, C. fluminea is widely 
distributed, including also other parts of Asia, North 
and South America, Europe, Africa (Counts 1981; Ituarte 
1981; Morton 1986; Araujo et al. 1993; Glaubrecht et 
al. 2007; Pigneur et al. 2011; 2014; Crespo et al. 2015), 
and Australia, where it is known only from few records 
based on dead shells (Ponder et al. 2016). The place of 
origin of European populations is not clear, but it could 
be located in either North or South America (Pigneur 
et al. 2014). 

In the 1980s, C. fluminea was detected for the first 
time in Europe, in Portugal and France (Mouthon 
1981; Araujo et al. 1993; Sousa et al. 2007). In 1985, 
it was found in the Rhine in the Netherlands (Bij de 
Vaate & Greijdanus-Klaas 1990), and since then it has 
spread mainly to the north and east, occupying river 
basins in France, Spain, Germany, the Netherlands, 
Luxembourg, Switzerland, and Austria (Minchin 
2009), as well as in Great Britain and Ireland (Howlett 
& Baker 1999; Aldridge & Müller 2001; Minchin 2014). 
Recently, Corbicula has spread from western to central 
Europe and has been reported from Italy, Bulgaria, 
Serbia, Romania, Moldova, Hungary, Poland, the 
Czech Republic, and Slovakia (Tittizer & Taxacher 1997; 
Csányi 1998–1999; Bij de Vaate & Hulea 2000; Beran 
2000; 2006; Vrabec et al. 2003; Domagała et al. 2004; 
Paunović et al. 2007; Munjiu & Shubernetski 2010; Bódis 
et al. 2011; Ciutti & Cappelletti 2009; Maćkiewicz 2013; 
Hubenov et al. 2013), and even from the European 
Arctic region in Russia (Bespalaya et al. 2016). 

The first record from Poland comes from the 
heated water of the Lower Oder channel (Domagała et 
al. 2004), where C. fluminea occurs together with very 
similar also expansive C. fluminalis (Łabęcka et al. 2005). 
Next, the spread of C. fluminea was noted upstream 
of the Oder River (Wawrzyniak-Wydrowska 2007; 
Piechocki & Szlauer-Łukaszewska 2013). In the Vistula, 
one empty Corbicula shell was found in the debris on a 
boulevard near Wawel Hill in Kraków after an extreme 
spate in July 2010 (R. Żurek, personal communica-
tion). In 2011, live specimens of C. fluminea were 
reported from the Vistula in Kraków by Maćkiewicz 
(2013), who suspected that the clams had been in the 

river at least since 2008. Recently, C. fluminea was also 
collected in the Vistula and two oxbows in Warsaw 
in 2016 (Romanowski et al. 2016). Until the end of the 
twentieth century, there were no records of C. fluminea 
from the Vistula River (Kownacki 1999). 

It is suspected that the introduction and spread of 
C. fluminea are probably the result of human activities 
(edible for humans, souvenirs, fish bait, released from 
aquariums or ballast waters, or transported passively 
by means of byssal attachment to boat hulls; McMahon 
1999; 2002; Lee et al. 2005). Additionally, C. fluminea 
can disperse using natural factors as larvae (pediveli-
gers) and juveniles can be transported passively by 
water currents or aquatic birds (Prezant & Chalermwat 
1984; McMahon 1999; 2002). 

It can reach very high densities and biomass, 
causing a significant impact not only on the environ-
ment but also on the local economy (Sousa et al. 
2009; Ilarri & Sousa 2012), for example large aggrega-
tions of clams can clog waterways and pipes or clams 
burrowing in gravel or sand, used in the production of 
cement, can compromise its quality (McMahon 1983). 
Some life history characteristics of C. fluminea, such as 
quick ontogenetic development and high fecundity, 
result in the rapid population growth and prolific 
dispersion to new sites, where it becomes a new food 
resource for other species (e.g. Sickel 1986; Ferreira-
Rodríguez et al. 2017a). As a filter-feeder with a high 
filtration rate (Beaver et al. 1991), it affects freshwater 
ecosystems in both positive (e.g. water purification) 
and negative ways, e.g. by outcompeting native 
species (Strayer 1999; Sousa et al. 2008a; Ferreira-
Rodríguez et al. 2017b) or being a vector for diseases 
and parasites (Graczyk et al. 2003). 

This paper presents data on the recent extension 
of the C. fluminea range to the Vistula River. It offers 
a unique opportunity to document the course of the 
potential range extension and to compare the status 
of the mollusks before and after the extension, with 
a discussion on the related predictable threats and a 
review of the current knowledge. 

Materials and methods

Observations and sampling were carried out 
from 2011 to 2016, between May and September. 
Identification of C. fluminea was based on Corbicula 
studies in Poland (Domagała et al. 2004; Łabęcka et al. 
2005; Stańczykowska & Kołodziejczyk 2011) and other 
Mollusca species were identified based on the publica-
tion by Horsák et al. (2013). 

At first, we explored the whole reach of the river 
from a motorboat (section between Tarnobrzeg and 
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Annopol; Fig. 1) and checked each large sand bar 
and sand island for the presence of Corbicula. Other 
sampling stations presented in Fig. 1 were accessed 
from the bank (sections between Opatowiec and 
Tarnobrzeg as well as between Annopol and Puławy; 
Fig. 1); we searched for empty shells and sampled 
the bottom sediment until we found live specimens, 
where we performed detailed sampling (sampling 
stations no. 1–27 in Fig. 1). For the bottom sampling, 
a dredge rake (0.385  m wide) with nylon netting 
(mesh size 3 mm) was used. Based on the local survey 
at each sampling station, we selected 6–7 sites with 
clams and then at each site, we took 3 adjacent and 
slightly overlapping bottom samples with the rake, 
each 1 m long. The whole sediment from an area 
of 1 m2 (3 × 0.385  m × 1  m of the marked bottom 
area of 1 m2) was sampled in this way to a maximum 
sediment depth of 0.2 m and a water depth of up to 
0.5 m. In places where the use of a rake was impossible 
(large stones on the banks, stones, woody debris, 
vegetation, or numerous sticks within the sediment 
impeding sampling), we carefully searched sediment 
in analogous 1 m2 areas with small rakes or fingers. 
In order to calculate Corbicula distribution within the 
river channel and to estimate its abundance in natural 
channel sections, individual bottom samples (0.385 
m2, n  =  42) were collected at regular intervals (every 
2 m) along three transects (Fig. 2) perpendicular to the 
banks of the Vistula channel, near the mouth of the 
tributary Sanna in September 2015 (sampling station 
no. 22 in Fig. 1; Table 1). At this location, the Vistula 
channel is characterized by anastomosis between 
many sand islands and forms extensive shallows and 
sand bars. Within these transects, the depth of water 
and the flow rate were measured with a Geopacks 
flow meter. We were unable to sample locations 
deeper than 2 m, due to the limitations of the method 
employed. 

Each Corbicula individual in samples collected in 
2016 (eight sampling stations shown in Fig. 3) was 
measured using a Vernier caliper to the nearest 0.1 
mm. Individual body size was determined through the 
length of the shell (maximum antero-posterior axis).

Results 

In the autumn of 2011, Corbicula sp. shells were 
found for the first time within the heated water drain 
of the Połaniec power station (sampling station no. 2; 
Table 1; Fig. 1) and adjacent banks of the Vistula River 
in Tursko Małe (sampling station no. 3; Table 1; Fig. 1). 
Subsequently, empty shells were found near the bank 
of the main channel, ca 100 m below the mouth of the 

heated water channel (50°26’27.58’’N; 21°22’40.71’’E; 
Fig. 1) and further downstream (50°26’34.63’’N; 
21°22’3.82’’E; Fig. 1). The empty shells were usually 
well preserved and shell valves were connected with 
a ligamentum. C. fluminea shells predominated. On 
23 and 24 January 2016, the occurrence of the living 
individuals and the identification of C. fluminea within 
this locality were confirmed.

Between 2012 and 2016, we confirmed the 
occurrence of the species at 27 sampling stations, 
distributed within a 210 km section of the Vistula 
River, where both empty shells and live individuals 
were found (Fig. 1; Table 1). Fewer clams were found 
within the regulated channel, where the Vistula 
was characterized by a stony and pebbly bottom: 
2 individuals per m2 at sampling station no. 1 and 6 
individuals per m2 at sampling station no. 6 (Fig. 1, 
Table 1). 

Corbicula also occurred in large numbers in 
shallows on sand islands and sandbars spread over 
the riverbed of the Vistula channel, especially in the 
area near Kępa Chwałowska (samplings stations 

Figure 1
Distribution map of Corbicula � uminea sampling 
stations in the stretch of the Vistula River (ca 210 km 
long) between Opatowiec and Puławy. Sampling 
station no. 22 where samples were collected along the 
transects is indicated by a larger font size
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nos 9−23, 25, and 26; Figs 1 and 3; Table 1): from 10.8 
individuals per 1 m2 (SD = 5.12, n = 6) at site no. 19 to 
108.3 individuals per 1 m2 (SD  =  93.39, n  =  6) at site 
no. 11. The distribution of clams within the habitat 
of sand bars and  islands near the Sanna river mouth 
(sampling station no. 22) shows that shallow riffle 
channels between the sandbars or islands occupy 

the whole cross section of the channel. At sampling 
station no. 22, clams were found in the channel with 
sandy bottom and the water flow rate ranging from 
0.11 to 0.58 m s−1 (Fig. 4) at a depth from 5 cm to over 
1  m. There was no significant relation between water 
depth (on average 0.25 m, SD = 0.190) and the number 
of clams in samples collected along the transect 

Table 1
Occurrence of Corbicula � uminea in the stretch (ca 210 km long) of the Vistula River between Opatowiec and Puławy

Sampling 
sta� on

no.
Nearest locality name Coordinates Date of the fi rst record/

density measurement
Number of

samples

Mean density at 
occupied sites
[ind. per m2]

± SD Descrip� on of sampling sta� on

1 Opatowiec – ferry 50º14ʹ23.93ʺN 
20º43ʹ41.25ʺE

9 February 2016
9 February 2016

7

2.0** ± 1.63
the le�  bank of the Vistula above the ferry route 
in Opatowiec, muddy-gravel bo� om, regulated 
river channel

2 Połaniec – heated water drain 50º26ʹ34.63ʺN 
21º22ʹ3.82ʺE

1 September 2011
3 September 2016

74.4 ± 16.46 the le�  bank of the channel with stone lining, dis-
charging heated water from the power plant

3 Tursko Małe – the Vistula below the 
mouth of the power sta� on channel

50º26ʹ27.58ʺN 
21º22ʹ40.71ʺE

6

142.0** ± 46.89

the le�  bank of the Vistula with stone lining, ca 
100 m below the mouth of the channel dischar-
ging heated water from the power plant, bo� om 
covered with stones

4 Niekurza 50º26ʹ22.57ʺN 
21º23ʹ41.92ʺE

3 September 2016
3 September 2016 6694.5** ± 1458.21

the fi rth between the groyne fi eld on the le�  bank 
of the Vistula opposite of the Wisłoka mouth, 
muddy-sandy bo� om

5 Tarnobrzeg (Siarkopol) – bridge 50º31ʹ15.65ʺN 
21º36ʹ11.98ʺE 9 February 2016

9 February 2016

37.0 ± 10.32 sandy shoal in the river channel under the bridge 
(na� onal road number 9)

6 Ciszyca – ferry 50º34ʹ22.33ʺN 
21º39ʹ27.11ʺE 6.0 ± 3.58

the le�  bank of the Vistula at the groyne fi eld, 
muddy-gravel bo� om

7 Sandomierz – bridge 50º40ʹ29.93ʺN 
21º45ʹ26.34ʺE

7 June 2014
2 September 2016

7

1.9 ± 1.77

8 Kamień Łukawski 50º41ʹ2.85ʺN 
21º48ʹ8.85ʺE

6 June 2014
2 September 2016

6.0 ± 2.0

sand banks or sandbars and shoal water in the 
river channel

9 Kępa Chwałowska – sandbar 1 50º45ʹ36.2ʺN 
21º50ʹ30.1ʺE 25 May 2012

2 September 2016

6

107.2 ± 8.52

10 Kępa Chwałowska – sandbar 2 50º45ʹ48.2ʺN 
21º50ʹ41.9ʺE 84.2 ± 14.03

11 Kępa Chwałowska – sandbar 3 50º45ʹ57.99ʺN 
21º50ʹ47.85ʺE 11 June 2014

2 September 2016

108.3 ± 93.39

12 Kępa Chwałowska – sandbar 4 50º46ʹ6.43ʺN 
21º50ʹ55.06ʺE 84.8 ± 37.93

13 Winiary 50º46ʹ48.1ʺN 
21º51ʹ24.1ʺE

25 May 2012
1 September 2016 23.3 ± 8.09

14 Popowice – sandbar 1 50º47ʹ13.9ʺN 
21º51ʹ44.13ʺE

17 June 2014
1 September 2016 19.0 ± 2.61

15 Popowice – sandbar 2 50º47ʹ30.5ʺN 
21º51ʹ36.6ʺE

25 May 2012
1 September 2016 7 16.0 ± 7.53

16 Popowice – sandbar 3 50º47ʹ53.07ʺN 
21º51ʹ42.34ʺE 17 June 2014

1 September 2016 6
16.3 ± 12.75

17 Zawichost – ferry 50º48ʹ20.77ʺN 
21º51ʹ48.66ʺE 11.5 ± 1.97 the fi rth between groyne fi elds on the le�  bank of 

the Vistula, muddy-sandy bo� om

18 Piotrowice – landing 50º50ʹ18.73ʺN 
21º50ʹ22.62ʺE 6 June 2014

1 September 2016

7 11.9 ± 3.39
the le�  bank of the Vistula at the groyne fi eld, 
muddy-gravel bo� om

19 Piotrowice – passage on road 759 50º50ʹ37.94ʺN 
21º50ʹ26.05ʺE

6

10.8 ± 5.12

20 Opoka Duża – sandbar 1 50º51ʹ8.62ʺN 
21º50ʹ41.53ʺE

8 May 2014
1 September 2016 12.5 ± 3.94

sand banks or sandbars and shoal water in the 
river channel21 Opoka Duża – sandbar 2 50º51ʹ31.46ʺN 

21º50ʹ58.17ʺE
11 June 2014

1 September 2016 20.3 ± 8.24

22 Opoka Duża – sandbar 3 50º52ʹ3.77ʺN 
21º50ʹ54.96ʺE

11 June 2014
11 June 2014 42* 17.8** ± 16.74

23 Annopol – bridge 50º52ʹ55.95ʺN 
21º50ʹ9.04ʺE

11 July 2014
1 September 2016 6 11.5 ± 5.13 the fi rth between groyne fi elds on the right bank 

of the Vistula, muddy-sandy bo� om

24 Józefów 51º 2ʹ32.29ʺN 
21º49ʹ37.14ʺE 2 September 2016

2 September 2016

7 4.0** ± 2.16 the side channel on the right bank of the Vistula

25 Kłudzie – ferry 51º 9ʹ17.90ʺN 
21º46ʹ46.02ʺE

6

88.0** ± 11.93 the le�  bank, gravel bo� om, Corbicula in sand un-
der a layer of gravel and small stones

26 Nasiłów – ferry 51º21ʹ11.56ʺN 
21º58ʹ55.90ʺE 3 September 2016

3 September 2016

24.0** ± 4.15 sandbar on the le�  bank of the Vistula

27 Puławy 51º24ʹ38.38ʺN 
21º56ʹ33.03ʺE 2.8** ± 1.72 the le�  bank of the Vistula at the groyne fi eld, 

sandy bo� om
* bottom samples (3 × 0.385 m × 1 m of the marked bottom area of 1 m2) ; ** density and shell length measured in 2016 and shown in Fig. 4.
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Figure 2
Distribution of C. � uminea along the transects in the Vistula channel at sampling station no. 22

Figure 3
Density (ind. m−2) and the maximum shell length (mm) of C. � uminea at eight sampling stations in the Vistula 
depending on the distance (km) from the mouth of the power plant channel with heated water
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lines (data pooled for all transects: rs = −0.16, n  =  42, 
p  =  0.323). The main Vistula channel also features 
slopes of islands or sandbars. In this unregulated reach 
of channels characterized by anastomosis, sampled in 
a regular manner along transects perpendicular to the 
bank, we recorded a mean density of 17.8 individuals 
per 1 m2  (SD  =  16.74, n  =  42). At sampling station no. 
3 (0.1 km from the Połaniec power station’s drain 
outflow, but with a stony bottom), the mean density 
at the occupied sites was much higher (142 individuals 
per 1 m2, SD = 46.9, n = 6), whereas at sampling station 
no. 4 (1 km from the Połaniec power station’s drain 
outflow with heated water, but with a sandy bottom), 
the mean density at the occupied sites was 6694.5 
individuals per 1 m2 (SD = 1458, n = 6) (Fig. 3, Table 1).  

The largest individual body sizes were found in 
heated waters in an artificial channel near the power 
plant in Połaniec (maximum shell length 38 mm; 
sampling station no. 2). The maximum shell length of 

large individuals from the next two sampling stations, 
no. 3 and 4, was 32.9 mm (mean 17.0 mm, SD  =  7.08, 
n = 34; Fig. 3) and 29.0 mm (mean 10.9 mm, SD = 3.11, 
n  =  232; Fig. 3), respectively. At sandy-bottomed 
sampling station no. 22, with the natural thermal 
regime of water, the maximum shell length of 
individuals was much shorter (21 mm), and most of the 
individuals were shorter than 10 mm (mean 8.7 mm, SD 
= 2.91, n = 288; Fig. 4).

During the search for Corbicula, other mollusk 
species were found: 15 species of freshwater snails 
and 10 species of bivalves (Table 2). Within the 
surveyed reach, other non-indigenous species were 
also recorded, including some not listed yet from 
this stretch of the Vistula: Dreissena polymorpha, 
Potamopyrgus antipodarum, and Sinanodonta 
woodiana. The first two were previously recorded 
relatively far from the study area, in the lower Vistula 
(Kownacki 1999), with P. antipodarum found also 

Table 2
Checklist of Mollusca species recorded in the studied reach of the Vistula River

No. species previous studies (Kownacki 1999: the reach 
of the river from Kraków to Warszawa)

the current study (2012–16): 
the reach of the river from Opatowiec to Puławy, and 
Maćkiewicz 2013: the Vistula in Kraków (in brackets)

GASTROPODA
1 Viviparus viviparus + +
2 Potamopyrgus antipodarum – + (+)
3 Valvata piscinalis + +
4 Bithynia sp./Bithynia tentaculata + + (+)
5 Physella acuta + +
6 Lymnaea stagnalis + +
7 Galba truncatula + +
8 Radix auricularia + +
9 Radix balthica + +

10 Planorbis planorbis + + (+)
11 Bathyomphalus contortus + +
12 Anisus vortex + +
13 Gyraulus albus + +
14 Planorbarius corneus + +
15 Ancylus � uviatilis + +

BIVALVIA
16 Anodonta anatina + + (+)
17 Unio pictorum + +
18 Unio tumidus – +
19 Unio crassus + + (+)
20 Corbicula � uminea – + (+)
21 Dreissena polymorpha – +
22 Sinanodonta woodiana – +
23 Pseudanodonta complanata + –
24 Anodonta cygnea + +
25 Sphaerium corneum – + (+)
26 Pisidium sp. – +

Total number of taxa 19 25
"+" - indicates species present; "−" - indicates species absent
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in the reach in Kraków (Maćkiewicz 2013), whereas 
S. woodiana has never been found in the river before. 
Only one snail species regarded as non-indigenous 
and known from the Vistula for decades, Physella acuta, 
still occurs in the river. 

Discussion

This new population of C. fluminea, found in 
the ca 460 km Vistula reach (including 210 km from 
Opatowiec to Puławy), stretching from Kraków 
(Maćkiewicz 2013) to Warsaw (Romanowski et al. 2016), 
has existed since at least 2008. The earlier spread of 
this species in the Oder River was characterized by a 
similar progress: the first observations of the clams 
were carried out in 2003 in the Lower Oder channel, 
in the heated water drain from the power station 
(NW Poland; Domagała et al. 2004; Stańczykowska & 
Kołodziejczyk 2011). Similarly, during the first few years 
after the first recording of its presence, a large number 
of individuals was found in a long stretch of the Oder 
channel (Wawrzynak-Wydrowska 2007; Piechocki & 
Szlauer-Łukaszewska 2013; Cebulska & Krodkiewska 
2017). In the lower and middle course of the Oder, 
C. fluminea occurs together with C. fluminalis (Łabęcka 
et al. 2005; Kołodziejczyk & Łabęcka 2011; Piechocki 
& Szlauer-Łukaszewska 2013). However, to date, the 
latter species has not been recorded within the studied 
reach of the Vistula.

The population of Corbicula, found during this 
study, is located over 80 km from the first known 
individual record of this species in the Vistula in 
Kraków. Due to its high dispersal ability that may 
exceed 100 km per year (Bij de Vaate 1991), the species 
can colonize most of the river’s course in just a few 
years. The direction of expansion is not significant, 
because the rapid spread of this clam may be boosted 
by the transport of gravel and sand along the river by 
barges. 

The question about the source of the expansion 
remains unanswered. It is rather unlikely that the 
Vistula was invaded from the Oder River. This and 
other species of Corbicula are bred as ornamental pets 
in aquariums, and we suspect that this is the most 
likely source of dispersion, assuming it starts in cities. 
It is suspected that the larvae of this species could be a 
component of plankton in the water used for transport 
of fish to breeding devices set up for commercial 
purposes in discharge canals (Domagała et al. 2004; 
Stańczykowska & Kołodziejczyk 2011). Fish, including 
alien species, are quite often released into heated 
waters to control the rapid growth of submerged 
vegetation. Therefore, this source of expansion cannot 
be excluded.

Although the source of the expansion has not been 
identified, it should be noted that the first individ-
uals of C. fluminea in the Vistula were recorded in the 
warm waters of the Połaniec power station channel 
(2011) and in the regulated river channel in a big city 

Figure 4
Percentages of C. � uminea in size classes in the Vistula channel near the Sanna river mouth (sampling station no. 22; 
clams were grouped into shell length classes di� ering by 1 mm); mean 8.7 mm, SD ± 2.91, n = 288
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(Kraków, in 2008). Warm waters may facilitate initial 
stages of invasion for species less adapted to local 
climates. They may also be an effective refuge during 
harsh winters, enabling colonization when climate 
conditions become favorable (Panov et al. 2009; Müller 
& Baur 2011; Simard et al. 2012; Yanygina 2017). The 
Vistula River basin lies in the climate zone of Central 
Europe, under the significant influence of continental 
climate characterized by long winter periods of frost, 
which might be one of the factors limiting the spread 
of Corbicula. Winter die-offs have been reported – for 
most populations, 2°C is the lower temperature limit 
(McMahon 1983). According to Müller & Bauer (2011), 
some individuals, especially larger ones (> 15 mm in 
length), can survive 9 weeks at 0°C. While C. fluminea 
has also been found in water with a typical Polish 
temperature regime, heated water may accelerate the 
ontogenetic development of individuals, because they 
inhabit water no cooler than 2°C for extended periods 
of time (Mattice & Dye 1976) and produce much more 
larvae during warm winters (Weitere et al. 2009). It 
appears that low water temperatures and ice formation 
during winter have limited the northern distribution 
of this species (Crespo et al. 2015). Recently, however, 
Corbicula has spread north in heated water produced 
by power plants (Simard et al. 2012; Bespalaya et al. 
2016). The short life cycle (up to two overlapping 
generations per year; Sousa et al. 2008a) of this species 
may result in its mass occurrence in some areas, 
however, this enormous fecundity may also affect 
the downstream reaches of the Vistula and thus may 
facilitate the dispersal. 

In Central Europe, the maximum recorded body 
size of Corbicula (in unmodified thermal regimes) was 
smaller than in the south and west of the continent, 
e.g. ca 21 mm in Poland (this study) and 16  mm in 
Hungary (Bódis 2007), compared to ca 30 mm in the 
Minho (Portugal; Sousa et al. 2008b), 28 mm in the 
Thames (England; Elliott & zu Ermgassen 2008), and 
25  mm in the upper Rhine (Schmidlin & Baur 2007). 
These differences may be related to size-depen-
dent mortality (Zając 2014), however, the most likely 
explanation is the effect of temperature: both due to 
accelerated ontogenetic growth and/or earlier onset 
of reproduction resulting in a more advanced develop-
mental stage and thus the body size of the young of 
the year. The individuals found in the heated water 
of the Połaniec power station were over 30 mm long, 
whereas in the semi-natural river channel with floating 
sands, the maximum shell length was 21 mm, and 
most clams were smaller than 13 mm (Fig. 4). Similar 
differences between artificially heated (35–40  mm) 
and unmodified waters (16  mm) were reported from 
the Danube by Bódis et al. (2007, 2011). 

Not only is the shell size of Corbicula smaller in the 
Vistula in unmodified conditions than in heated water, 
but clam density is also much lower (Table 1, Fig. 3). 
The density of C. fluminea can be extremely variable 
between the study sites. For example, the mean 
abundance per site in the Minho River in Portugal 
ranged from 80 (2004) to 4185 (2005) individuals per 
1 m2 (Sousa et al. 2008b), in the Altrhein River (near 
Basel) – from 1–50 in the upper parts of the river to 
200–600 individuals per 1 m2 (Schmidlin et al. 2012) 
and in the Hungarian stretch of the Danube, the 
density varied from 736 (Bódis 2007) to 5000 individ-
uals per 1 m2 (Csányi 1998–99). The reason for such 
differences is not only the water temperature (Sousa 
et al. 2008b). It seems that the hydraulic conditions 
can be an important factor in the Vistula, because the 
distribution of the species varied in the channel cross 
sections (Fig. 2), despite the fact that its individuals 
occur in the whole channel. 

According to the studies conducted to date, it 
should be expected that the expansion of Corbicula 
may cause a series of significant ecological and 
economic effects (Sousa et al. 2009; Ilarri & Sousa 
2012). They probably cause some native populations to 
decline, while others seem to coexist with this species 
(e.g. Gardner et al. 1976, Kraemer 1979, Leff et al. 1990, 
Strayer 1999, Yeager et al. 1999). In the Rhine, the 
abundance of the native gastropod Ancylus fluviatilis 
(O. F. Müller, 1774) has decreased after C. fluminea 
expansion. This could partly be a result of competi-
tion between A. fluviatilis and C. fluminea for space and 
food (Schmidlin 2004). Ferreira-Rodríguez et al. (2017) 
discovered that the native bivalve Unio delphinus is 
characterized by reduced growth, reduced physiolog-
ical condition, and increased locomotor activity (likely 
searching for a competitor-free habitat) at higher 
densities of C. fluminea. 

The impact of Corbicula on native species could 
be confounded with other non-indigenous species 
(Leuven et al. 2009), including co-occurring alien snails 
and bivalves: P. antipodarum, P. acuta, D. polymorpha 
and S. woodiana (Table 2). The published results of the 
research show the negative impact of the two snail 
species on the native fauna (Spyra et al. 2015; Zukowski 
& Walker 2009). Numerous papers report the negative 
impact exerted by D.  polymorpha on the native 
freshwater fauna including mollusks (e.g. Hebert et al. 
1991; Sousa et al. 2011; 2014; Bódis et al. 2014; Krebs et 
al. 2015), whereas there is no direct evidence for the 
negative impact of S. woodiana on native mollusks (but 
see Cappelletti et al. 2009). Some negative effects can 
be expected in the lower course of the Vistula from 
the newcomer bivalve Rangia cuneata (G. B. SowerbyI, 
1831) that prefers brackish waters near the Vistula 
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mouth (Warzocha & Drgas 2013; Janas et al. 2014).
The occurrence of C. fluminalis and other alien 

species in the Vistula should be considered an 
important nature conservation challenge in Poland. 
The potential strong and negative synergies of these 
dispersions should be carefully monitored to identify 
measures capable of mitigating any expected negative 
effects in the Vistula, one of the largest unmodified 
rivers of Europe. 

Acknowledgements 

The authors thank to Paweł Adamski, Wojciech 
Bielański, Adam Ćmiel and Michał Lipiński for their 
assistance in the fieldwork. We are also grateful to 
Tadeusz Zając for his assistance in the field and helpful 
comments on the earlier versions of the manuscript. 
We are very much thankful to anonymous reviewers 
for their useful suggestions and comments that have 
improved the paper. The project was partly financed 
from EEA Grants – Norway Grants, project number 
PL02-0055.

References

Aldridge, D.C. & Müller, S.J. (2001). The Asiatic clam, Corbicula 
� uminea, in Britain: current status and potential impacts. 
Journal of Conchology 37(2): 177–183.  

Araujo, R., Moreno, D. & Ramos, M.A. (1993). The Asiatic clam 
Corbicula � uminea (Müller, 1774) (Bivalvia: Corbiculidae) in 
Europe. American Malacological Bulletin 10: 39–49. 

Beaver, J.R., Crisman, T.L. & Brock, R. J. (1991). Grazing E� ects of 
an Exotic Bivalve (Corbicula � uminea) on Hypereutrophic 
Lake Water. Lake and Reservoir Management 7(1): 45–51. 
DOI: 10.1080/07438149109354253. 

Beran, L. (2000). First record of Corbicula � uminea (Mollusca: 
Bivalvia) in the Czech Republic. Acta Societatis Zoologicae 
Bohemicae 64: 1–2.

Beran, L. (2006). Spreading expansion of Corbicula � uminea 
(Mollusca: Bivalvia) in the Czech Republic. Heldia 6: 187–
192.

Bespalaya, Y., Bolotov, I., Aksenova, O., Kondakov, A. (2016). 
The � rst records of Corbicula clams (Bivalvia Corbiculidae) 
in Northern European Russia: main causes and possible 
consequences genetic and shell morphological 
discrepancies. In: Abstract Book. UArctic Congress 2016, 
12–16 September, St. Petersburg, Russia (p. 88). University 
of the Arctic/University of Oulu. 

Bij de Vaate, A. (1991). Colonization of the German part of the 
River Rhine by the Asiatic clam, Corbicula � uminea Müller, 
1774 (Pelecypoda, Corbiculidae). Bulletin Zoölogisch 
Museum. Universiteit van Amsterdam 13(2): 13–16. 

Bij de Vaate, A. & Greijdanus-Klaas, M. (1990). The Asiatic clam, 
Corbicula � uminea Müller, 1774 (Pelecypoda, Corbiculidae), 
a new immigrant in the Netherlands. Bulletin Zoologisch 
Museum, Universiteit van Amsterdam 12(12): 173–178. 

Bij de Vaate, A. & Hulea, O. (2000). Range extension of the 
Asiatic clam Corbicula � uminea (Müller 1774) in the river 
Danube: � rst record from Romania. Lauterbornia 38: 23–
26. 

Bódis, E. (2007). The biomass dynamics of Corbicula � uminea 
invasive mussel. Acta Biologica Debrecina. Supplementum 
Oecologica Hungarica 16: 9–20. 

Bódis, E., Nosek, J., Oertel, N., Tóth, B. & Fehér, Z. (2011). A 
Comparative Study of Two Corbicula Morphs (Bivalvia, 
Corbiculidae) Inhabiting River Danube. International 
Review of Hydrobiology 96(3): 257–273. DOI: 10.1002/
iroh.201111344. 

Bódis, E., Tóth, B.  & Sousa, R. (2014). Impact of Dreissena 
fouling on the physiological condition of native and 
invasive bivalves: interspeci� c and temporal variations. 
Biological Invasions 16: 1373–1386. DOI: 10.1007/s10530-
013-0575-z. 

Cappelletti, C., Cianfanelli, S., Beltrami, M. E. & Ciutti, F. (2009). 
Sinanodonta woodiana (Lea, 1834) (Bivalvia: Unionidae): a 
new non-indigenous species in Lake Garda (Italy). Aquatic 
Invasions 4: 685–688. DOI: 10.3391/ai.2009.4.4.15. 

Ciutti, F. & Cappelletti, C. (2009). First record of Corbicula 
� uminalis (Müller, 1774) in Lake Garda (Italy), living in 
sympatry with Corbicula � uminea (Müller, 1774). Journal of 
Limnology 68(1): 162–165. DOI: 10.4081/jlimnol.2009.162.

Cebulska, K., Krodkiewska, M. (2017). The dispersion 
of Corbicula � uminea (O. F. Müller, 1774) (Mollusca: 
Corbiculidae) in the Upper Oder River (Southern 
Poland). In Abstracts of 8th EuroMal European Congress of 
Malacological Societies, 10–14 September 2017, Kraków, 
Poland (p. 115). Polish Malacological Society/Institute of 
Nature Conservation PAS. 

Counts, C.L. (1981). Corbicula � uminea (Bivalvia: Corbiculidea) 
in British Columbia. Nautilus 95: 12–13. 

Crespo, D., Dolbeth, M., Leston, S., Sousa, R. & Pardal, M.Â. 
(2015). Distribution of Corbicula � uminea (Müller, 1774) in 
the invaded range: a geographic approach with notes on 
species traits variability. Biological Invasions 17(7): 2087–
2101. DOI: 10.1007/s10530-015-0862-y.

Csányi, B. (1998–1999). Spreading invaders along the 
Danubian highway: � rst record of Corbicula � uminea and 
C. � uminalis in Hungary. Folia Historico Naturalia Musei 
Matraensis 23: 343–345. 

Domagała, J., Łabęcka, M.A., Pilecka-Rapacz, M. & Migdalska 
B. (2004). Corbicula � uminea (O.F. Müller, 1774) (Bivalvia, 
Corbiculidae) – a species new to the Polish malacofauna. 
Folia Malacologica 12: 145–148. DOI: 10.12657/
folmal.012.011. 

Elliott, P. & zu Ermgassen, P.S.E. (2008). The Asian clam 
(Corbicula � uminea) in the River Thames, London, England. 



84
Maciej Bonk, Katarzyna Zając, Anna M. Lipińska

www.oandhs.ocean.ug.edu.plwww.oandhs.ocean.ug.edu.plwww.oandhs.ocean.ug.edu.pl

Oceanological and Hydrobiological Studies, VOL. 47, ISSUE 1 | MARCH 2018

© Fa c u l t y  o f  O c e a n o g r a p h y  a n d  G e o g r a p h y,  U n i v e r s i t y  o f  G d a ń s k ,  Po l a n d .  A l l  r i g h t s  r e s e r v e d .

Aquatic Invasions 3(1): 54–60. DOI: 10.3391/ai.2008.3.1.9. 
Ferreira-Rodríguez, N.,  Fernández, C.A. & Pardo,  I.  (2017a). 

Corbicula  � uminea  as  new  food resource for native and 
exotic terrapins (NW Iberian Peninsula). North-Western 
Journal of Zoology: e171502. 

Ferreira-Rodríguez, N., Sousa, R. & Pardo, I. (2017b). Negative 
e� ects of Corbicula � uminea over native freshwater 
mussels. Hydrobiologia. DOI: 10.1007/s10750-016-3059-1.  

Francis, R.A. & Chadwick M.A. (2012). Invasive alien species in 
freshwater ecosystems. A brief overview. In R.A. Francis 
(Ed.), A Handbook of Global Freshwater Invasive Species (pp. 
3–14). London, UK: Earthscan. 

Gardner, J.A., Woodall, W.R., Staats, A. & Napoli, J.F. (1976). 
Invasion of the Asiatic clam (Corbicula manilensis Philippi) 
in the Altamaha River, Georgia. Nautilus 90: 117–125. 

Glaubrecht, M., Fehér, Z. & Köhler, F. (2007). Inventorizing an 
invader: Annotated type catalogue of the freshwater 
clams Corbiculidae Gray, 1847 (Bivalvia, Heterodonta, 
Veneroidea), including old world limnic Corbicula in the 
Natural History Museum Berlin. Malacologia 49(2): 243–
272. DOI: 10.4002/0076-2997-49.2.243. 

Graczyk, T.K., Conn, D.B., Marcogliese, D.J., Graczyk, H. & de 
Lafontaine, Y. (2003). Accumulation of human waterborne 
parasites by zebra mussels (Dreissena polymorpha) and 
Asian freshwater clams (Corbicula � uminea). Parasitology 
Research 89(2): 107–112. DOI: 10.1007/s00436-002-0729-x.

Hebert, P.D.N., Wilson, C.C., Murdoch, M.H. & Lazar, R. (1991). 
Demography and ecological impacts of the invading 
mollusc Dreissena polymorpha. Canadian Journal of 
Zoology 69: 405–409. DOI: 10.1139/z91-063. 

Horsák, M., Juřičková, L. & Picka, J. (2013). Molluscs of the Czech 
and Slovak Republics. Zlin: Nakladatelstvi Kabourek.

Howlett, D. & Baker, R. (1999). Corbicula � uminea (Müller): New 
to UK. Journal of Conchology 36: 83–83. 

Hubenov, Z., Trichkova, T., Kenderov, L. & Kozuharov, D. (2013). 
Distribution of Corbicula � uminea (Mollusca: Corbiculidae) 
over an Eleven-Year Period of its Invasion in Bulgaria. Acta 
zoologica bulgarica 65(3): 315–326. 

Ilarri, M.I. & Sousa, R. (2012). Corbicula � uminea Müller (Asian 
calm). In R.A. Francis (Ed.), A Handbook of Global Freshwater 
Invasive Species (pp. 173-183). London, UK: Earthscan. 

Ituarte, C.F. (1981). Primera noticia acerca de la introduccion 
de pelecipodos asiaticos en el area Rioplatense (Mollusca, 
Corbiculidae). Neotropica 27: 79–82. 

Janas, U., Kendzierska, H., Dąbrowska, A.H. & Dziubińska, 
A. (2014). Non-indigenous bivalve − the Atlantic rangia 
Rangia cuneata − in the Wisła Śmiała River (coastal waters 
of the Gulf of Gdańsk, the southern Baltic Sea). Oceanol. 
Hydrobiol. St. 43(4): 427–430. DOI: 10.2478/s13545-014-
0158-3. 

Kołodziejczyk, A. & Łabęcka, A.M. (2011). Corbicula � uminalis 
(O.F. Müller, 1774). In Z. Głowaciński, H. Okarma, J. 
Pawłowski & W. Solarz (Eds.), Alien species in the fauna of 
Poland (pp. 146–150). Kraków: IOP PAN (in Polish with 

English summary).
Kownacki, A. (1999). Checklist of macroinvertebrates in the 

River Vistula. Acta Hydrobiologica 41(1): 45–75.
Kraemer, L.R. (1979). Corbicula (Bivalvia: Sphaeriacea) vs. 

indigenous mussels (Bivalvia: Unionacea) in U.S. rivers. 
A hard case for interspeci� c competition? American 
Zoologist 19: 1085–1096. DOI: 10.1093/icb/19.4.1085. 

Krebs, R.A., Barkett, E.M. & Begley, M.T. (2015). The impact of 
dreissenid mussels on growth of the fragile papershell 
(Leptodea fragilis), the most abundant unionid species in 
Lake Erie. Canadian Journal of Zoology 93: 143–148. DOI: 
10.1139/cjz-2014-0215. 

Lee, T., Siripattrawan, S., Ituarte, C. F. & O´Foighil, D. (2005). 
Invasion of the clonal clams: Corbicula lineages in the New 
World. American Malacological Bulletin 20: 113–122. 

Le� , L.G., Burch, J.L. & McArthur, J.V. (1990). Spatial distribution, 
seston removal, and potential competitive interactions of 
the bivalves Corbicula � uminea and Elliptio complanata in 
a coastal plain stream. Freshwater Biology 24: 490–416.

Leuven, R.S.E.W., Van der Velde, G., Baijens, I., Snijders, J., Van 
der Zwart, C. et al. (2009). The river Rhine: a global highway 
for dispersal of aquatic invasive species. Biological Invasions 
11: 1998–2008. DOI: 10.1007/s10530-009-9491-7. 

Łabęcka, A.M., Domagała, J. & Pilecka-Rapacz, M. (2005). First 
record of Corbicula � uminalis (O. F. Müller, 1774) (Bivalvia: 
Corbiculidae) in Poland. Folia Malacologica 13(1): 25–27. 
DOI: 10.12657/folmal.013.003. 

Maćkiewicz, J.J. (2013). The � rst record of the Asian clam 
Corbicula � uminea (Bivalvia: Veneroida: Corbiculidae) in 
the upper Vistula (south Poland). Folia Malacologica 21(2): 
87–90. DOI: 10.12657/folmal.021.009. 

Mattice, J.S., & Dye, L.L. (1976). Thermal tolerance of the adult 
Asiatic Clam. In G.W. Esch & R.W. McFarlane (Eds.), Thermal 
Ecology II, United States Energy Research and Development 
Association ERDA Symposium Series (CON F-750425) 
(pp. 130–35). Spring� eld, Virginia: National Technical 
Information Service.

McMahon, R.F. (1983). Ecology of an invasive pest bivalve, 
Corbicula. In: W.D. Russell-Hunter (Ed.), The Mollusca. 
Ecology (pp. 505–561). New York: Academic Press. 

McMahon, R. F. (1999). Invasive characteristics of the freshwater 
bivalve Corbicula � uminea. Chapter 23. In R. Claudi & J.H. 
Leach (Eds.), Nonindigenous freshwater organisms. Vectors, 
biology, and impacts (pp. 315–343). Boca Raton, FL: Lewis 
Publishers. 

McMahon, R.F. (2002). Evolutionary and physiological 
adaptations of aquatic invasive animals: r selection versus 
resistance. Canadian Journal of Fisheries and Aquatic 
Sciences 59(7): 1235–1244. DOI: 10.1139/f02-105. 

Minchin, D. (2009). Corbicula � uminea (Müller), Asian clam 
(Corbiculidae, Mollusca). In DAISIE. Handbook of Alien 
Species in Europe. Chapter 13. Species Accounts of 100 of 
the Most Invasive Alien Species in Europe. (p. 306). Springer 
Netherlands. DOI: 10.1007/978-1-4020-8280-1. 



85
Corbicula � uminea in the Vistula

Oceanological and Hydrobiological Studies, VOL. 47, ISSUE 1 | MARCH 2018 

© Fa c u l t y  o f  O c e a n o g r a p h y  a n d  G e o g r a p h y,  U n i v e r s i t y  o f  G d a ń s k ,  Po l a n d .  A l l  r i g h t s  r e s e r v e d .

Minchin, D. (2014). The distribution of the Asian clam 
Corbicula � uminea  and its potential to spread in Ireland. 
Management of Biological Invasions 5(2): 165–177. DOI: 
10.3391/mbi.2014.5.2.10. 

Morton, B. (1986). Corbicula in Asia – an updated synthesis. 
American Malacological Bulletin, Special Edition: 113–124. 

Mouthon, J. (1981). Sur la presence en France et au Portugal 
de Corbicula  (Bivalvia, Corbiculidae) originaire d’Asie. 
Basteria 45: 109–116. 

Müller, O. & Baur, B. (2011). Survival of the invasive clam 
Corbicula � uminea (Müller) in response to winter 
water temperature. Malacologia 53(2): 367–371. DOI: 
10.4002/040.053.0207. 

Munjiu, O. & Shubernetski, I. (2010). First record of Asian 
clam Corbicula � uminea (Müller, 1774) in the Republic of 
Moldova. Aquatic Invasions 5, Supplement 1: 67–70. DOI: 
10.3391/ai.2010.5.S1.015. 

Panov, V.E., Alexandrov, B., Arbaciauskas, K., Binimelis, R., Copp, 
G.H. et al. (2009). Assessing the Risks of Aquatic Species 
Invasions via European Inland Waterways: From Concepts 
to Environmental Indicators. Integrated Environmental 
Assessment and Management 5(1): 110–126. DOI: 10.1897/
IEAM_2008-034.1. 

Paunović, M., Csányi, B. , Knežević, S. , Simić, V. , Nedanić, D. et 
al. (2007). Distribution of Asian clams Corbicula � uminea 
(Müller, 1774) and Corbicula � uminalis (Müller, 1774) 
in Serbia. Aquatic Invasions 2(2): 99–106. DOI: 10.3391/
ai.2007.2.2.3. 

Piechocki, A. & Szlauer-Łukaszewska, A. (2013). Molluscs of 
the middle and lower Odra: The role of the river in the 
expansion of alien species in Poland. Folia Malacologica 
21(2): 73–86. DOI: 10.12657/folmal.021.008. 

Pigneur, L.-M., Marescaux, J., Roland, K., Etoundi, E., Descy J.-P. 
et al. (2011). Phylogeny and androgenesis in the invasive 
Corbicula clams (Bivalvia, Corbiculidae) in Western Europe. 
BMC Evolutionary Biology 11: 147. DOI: 10.1186/1471-
2148-11-147. 

Pigneur, L.-M., Etoundi, E., Aldridge, D.C., Marescaux, J., Yasuda, 
N. et al. (2014). Genetic uniformity and long-distance 
clonal dispersal in the invasive androgenetic Corbicula 
clams. Molecular Ecology 23(20): 5102–5116. DOI: 10.1111/
mec.12912. 

Ponder, W. F., Hallan, A., Shea, M. & Clark, S.A. (2016). Australian 
Freshwater Molluscs. http://keys.lucidcentral.org/keys/v3/
freshwater_molluscs/.

Prezant, R.S. & Chalermwat, K. (1984). Flotation of the 
Bivalve Corbicula � uminea as a Means of Dispersal. 
Science 225(4669): 1491–1493. DOI: 10.1126/
science.225.4669.1491. 

Romanowski, J., Winczek, M. & Ceryngier, P. (2016). 
Stwierdzenie Corbicula � uminea (O. F. Müller, 1774) 
(Veneroida: Corbiculidae) w Wiśle w Warszawie. Kulon 21: 
131−133.

Schmidlin, S. (2004). Muschel-Invasion im Rhein. Uni Nova 97: 

30−31. 
Schmidlin, S. & Baur, B. (2007). Distribution and substrate 

preference of the invasive clam Corbicula � uminea in the 
river Rhine in the region of Basel (Switzerland, Germany, 
France). Aquatic Sciences 69(1): 153–161. DOI: 10.1007/
s00027-006-0865-y. 

Schmidlin, S., Schmera, D., Ursenbacher, S. & Baur, B. (2012). 
Separate introductions but lack of genetic variability in 
the invasive clam Corbicula spp. in Swiss lakes. Aquatic 
Invasions 7(1): 73–80. DOI: 10.3391/ai.2012.7.1.008.

Sickel, J.B. (1986). Corbicula population mortalities: factors 
in� uencing population control. American Malacological 
Bulletin, Special Edition 2: 89–94. 

Simard, M.A., Paquet, A., Jutras, Ch., Robitaille, Y., Blier, P.U. et 
al. (2012). North American range extension of the invasive 
Asian clam in a St. Lawrence River power station thermal 
plume. Aquatic Invasions 7(1): 81–89. DOI: 10.3391/
ai.2012.7.1.009. 

Sousa, R., Freire, R., Ru� no, M., Méndez, J., Gaspar, M. et al. 
(2007). Genetic and shell morphological variability of the 
invasive bivalve Corbicula � uminea (Müller, 1774) in two 
Portuguese estuaries. Estuarine, Coastal and Shelf Science 
74 (1-2): 166–174. DOI: 10.1016/j.ecss.2007.04.011. 

Sousa, R., Antunes, C.& Guilhermino, L. (2008a). Ecology of the 
invasive Asian clam Corbicula � uminea (Müller, 1774) in 
aquatic ecosystems: an overview. Annales de Limnologie 
- International Journal of Limnology 44(2): 85–94. DOI: 
10.1051/limn:2008017. 

Sousa, R., Ru� no, M., Gaspar, M., Antunes, C. & Guilhermino, 
L. (2008b). Abiotic impacts on spatial and temporal 
distribution of Corbicula � uminea (Müller, 1774) in the 
River Minho estuary, Portugal. Aquatic Conservation: 
Marine and Freshwater Ecosystems 18(1): 98–110. DOI: 
10.1002/aqc.838. 

Sousa, R, Gutiérrez, J.L. & Aldridge, D.C. (2009). Non-indigenous 
invasive bivalves as ecosystem engineers. Biological 
Invasions 11(10): 2367–2385. DOI: 10.1007/s10530-009-
9422-7. 

Sousa, R., Pilotto, F. & Aldridge D.C. (2011). Fouling of European 
freshwater bivalves (Unionidae) by the invasive zebra 
mussel (Dreissena polymorpha). Freshwater Biology 56: 
867–876. 

Sousa, R., Novais, A., Costa, R. & Strayer, D. (2014). Invasive 
bivalves in fresh waters: impacts from individuals to 
ecosystems and possible control strategies. Hydrobiologia 
735: 233–251. 

Spyra, A., Kubicka, J. & Strzelec, M. (2015). The In� uence of the 
Disturbed Continuity of the River and the Invasive Species 
— Potamopyrgus antipodarum (Gray, 1843), Gammarus 
tigrinus (Sexton, 1939) on Benthos Fauna: A Case Study 
on Urban Area in the River Ruda (Poland). Environmental 
Management 56: 233–244. DOI: 10.1007/s00267-015-
0483-3. 

Stańczykowska, A. & Kołodziejczyk, A. (2011). Corbicula 



86
Maciej Bonk, Katarzyna Zając, Anna M. Lipińska

www.oandhs.ocean.ug.edu.plwww.oandhs.ocean.ug.edu.plwww.oandhs.ocean.ug.edu.pl

Oceanological and Hydrobiological Studies, VOL. 47, ISSUE 1 | MARCH 2018

© Fa c u l t y  o f  O c e a n o g r a p h y  a n d  G e o g r a p h y,  U n i v e r s i t y  o f  G d a ń s k ,  Po l a n d .  A l l  r i g h t s  r e s e r v e d .

� uminea (O.F. Müller, 1774). In Z. Głowaciński, H. Okarma, 
J. Pawłowski & W. Solarz (Eds.), Alien species in the fauna 
of Poland (pp: 151–156). Kraków: IOP PAN (In Polish with 
English summary).

Strayer, D.L. (1999). E� ects of alien species on freshwater 
molluscs in North America. Journal of North American 
Benthological Society 18(1): 74–98. DOI: 10.2307/1468010. 

Tittizer, T. & Taxacher, M. (1997). Erstnachweis von Corbicula 
� uminea/� uminalis (Müller, 1774) (Corbiculidae, Mollusca) 
in the River Danube. Lauterbornia 31: 103–107. 

Warzocha, J. & Drgas, A. (2013). The Alien Gulf Wedge Clam 
(Rangia cuneata G. B. Sowerby I, 1831) (Mollusca: Bivalvia: 
Mactridae) in the Polish Part of the Vistula Lagoon (SE 
Baltic). Folia Malacologica 21(4): 291–292. DOI: 10.12657/
folmal.021.030. 

Wawrzyniak-Wydrowska, B. (2007). Preliminary studies on 
the occurrence of the Asiatic clam Corbicula � uminea 
(O. F. Müller, 1774) (Bivalvia: Corbiculidae) in River Odra 
(Poland). In World Congress of Malacology, 15020 July 2007 
(pp. 238–239). Antwerp, Belgium: Unitas Malacologica. 

Weitere, M., Vohmann, A., Schulz, N., Linn, C., Dietrich, D. 
et al. (2009). Linking environmental warming to the 
� tness of the invasive clam Corbicula � uminea. Global 
Change Biology 15(12): 2838–2851. DOI: 10.1111/j.1365-
2486.2009.01925.x. 

Vrabec, V., Čejka, T., Šporka, F., Hamerlík, L. & Král, D. (2003). 
First record of Corbicula � uminea (Mollusca, Bivalvia) from 
Slovakia with a note about its dispersion in Central Europe. 
Biologia 58(5): 942–952. 

Yanygina, L.V. ( 2017). Pathways of macroinvertebrate 
invasions in the Ob River basin (West Siberia). Limnology 
18(2): 243–249. 

Yeager, M.M., Neves, R.J. & Cherry, D.S. (1999). Competitive 
interactions between early life stages of Villosa iris 
(Bivalvia: Unionidae) and adult Asian clams (Corbicula 
fluminea). In P.D. Johnson & R.S. Butler (Eds.), Freshwater 
Mollusk Symposium Proceedings – Part II: Proceedings of the 
First Freshwater Mollusk Conservation Society Symposium, 
March, 1999. (pp. 253–259). Columbus, Ohio: Ohio 
Biological Survey. 

Zukowski, S. & Walker, K.F. (2009). Freshwater snails in 
competition: alien Physa acuta (Physidae) and native 
Glyptophysa gibbosa (Planorbidae) in the River Murray, 
South Australia. Marine and Freshwater Research 60: 999–
1005. DOI: 10.1071/MF08183. 

Zając, K. (2014). Size-dependent predation by otter Lutra 
lutra on swan mussels Anodonta cygnea (Linnaeus 1758) 
– observations and radiotelemetry experiment. Journal of 
Conchology 41: 559–563.


