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ABSTRACT: Age structure, sex ratio and shell mass of a recently introduced bivalve Anodonta woodiana (Lea)
were analysed in three sampling sites at its only locality in Poland – the cooling system of two power plants near
Konin (C Poland). The youngest population is that in the lake Licheñskie, the oldest individual (6+) was
found in the population inhabiting the warmest canal. In the material examined, the most numerous individ-
uals were those aged three years (43%), followed by four years (33%) and five years old (12%) individuals.
The shell mass (Sm) was positively correlated with the individual age, the highest shell mass increment being
observed in specimens aged 2+, 3+ and 4+. No dependence was found between the Sm parameter and sex.
The shell mass varied widely (V% > 30). The highest Sm values were found in individuals from the initial cool-
ing reservoir, the lowest in those from the lake Licheñskie, the respective water temperatures during the sum-
mer stagnation being 33 and 30°C. Except for the population from the lake Licheñskie, the sex ratio was 1:1.
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INTRODUCTION

A freshwater Chinese bivalve Anodonta woodiana
(Lea, 1834) has been recently introduced in Poland
and then acclimatised (PIECHOCKI & RIEDEL 1997).

First mentions of one (or two) introduced species
date from 1994; the species was found in a system of
heated lakes near Konin in C Poland (PROTASOV et al.
1994, ZDANOWSKI 1996). Initially, the bivalves were
identified by J. I. STAROBOGATOV as Sinanodonta gibba
(Benson) and S. orbicularis (Heude) (ZDANOWSKI
1996, AFANASJEV at al. 1997). Later, PIECHOCKI (per-
sonal communication) classified the bivalves from the
lake Licheñskie as Anodonta woodiana, which corre-
sponds to S. gibba, whereas the individuals from warm
canals and initial cooling reservoirs remained unclas-
sified, and still described as a Chinese Anodonta sp.
(ZDANOWSKI 1996, AFANASJEV at al. 1997, ZDANOWSKI
et al. 1997). Bivalves from various sites in the cooling
water system of the Konin power plants displayed a
varied shell shape (SOROKA 1998a, b, SOROKA &
PIOTROWSKI 1999a, b). Genetic studies with the use of

isoenzyme electrophoresis revealed that all the mor-
phological forms of Anodonta represented A. woodiana
(SOROKA & SKOTARCZAK 1999a, b).

A. woodiana originates from the far East, from the
basins of the rivers Amur and Yangtse (KISS 1995). It
spread to European countries mainly from China, due
to introduction of the Chinese carp that started in 1962
(PETRÓ 1985, after KISS 1995). Since then, its presence
in several Asian and European countries has been ob-
served: in the Indonesian Archipelago, France, Roma-
nia, Great Britain, the former Yugoslavia, Hungary and,
within the last few years, also in Poland (NEGUS 1966,
KISS 1995, PIECHOCKI & RIEDEL 1997). A. woodiana oc-
curs in masses in fish ponds in Hungary (KISS 1995). It
was most probably through Hungary that, at the begin-
ning of the 80ies, the species got to Poland with im-
ported fish stocking material of the silver carp and the
bighead (ZDANOWSKI 1996, AFANASJEV at al. 1997,
ZDANOWSKI et al. 1997). It is expected that its distribu-
tion range will soon cover whole Europe (KISS 1995).



A. woodiana, a new species in the Polish waters, is
now present only in one locality: a system of heated
lakes near Konin which, since 1958, has become an
open system of water cooling for the power plant
Konin and, since 1970, for the power plant P¹tnów.
The system includes five natural lakes (Gos³awskie,
P¹tnowskie, Licheñskie, Œlesiñskie and W¹sowsko-
Mikorzyñskie), three canals of water intake by the
power plants (total length 6 km) and a network of dis-
charge canals (total length 26 km) (ZDANOWSKI 1996).

Till now, young populations of A. woodiana in Po-
land have exerted a positive effect on aquatic ecosys-
tems, through accumulation of biogenic substances,
thus contributing to the improvement of water quality
(PROTASOV et al. 1994, 1997, SINICYNA at al. 1997,
ZDANOWSKI 1996, ZDANOWSKI et al. 1997). In Poland
ecological studies on the newly introduced species

have just started and are among very few such studies
in Europe and the world, while the studies on its age
structure and sex ratio are the first of this kind (KISS
& PEKLI 1988, PROTASOV et al. 1993, 1994, 1997, KISS
1992, 1995, ZDANOWSKI 1996, SINICYNA at al. 1997,
ZDANOWSKI et al. 1997).

The aim of the study was the analysis of age struc-
ture of populations of A. woodiana from three sites
within the cooling water system of the power plants
Konin and P¹tnów, and an estimation of the diversity
within and between the studied sites. The presence of
individuals of varied age suggested an adaptation,
growth and reproduction of the bivalves in the new
habitat. Another objective of the analysis was determi-
nation of the sex ratio of the bivalves in the studied
sites. The shell mass was analysed with respect to its
differentiation depeding on age and sex.

MATERIAL AND METHODS

The material was collected in September 1998 in
the lake Licheñskie and the adjacent canal and initial
cooling reservoir, all being part of the cooling water
system of the power plants Konin and P¹tnów. The
lakes and the water cooling system were described by
ZDANOWSKI (1994). The water temperature of the sys-
tem is increased compared to other water bodies of
the same climatic zone. Among the five lakes of the
cooling system, the lake Licheñskie is the most
heated, the temperature during the summer stagna-
tion being 30°C. The temperature in the remaining
lakes is lower, during the warmest period on an aver-
age by 3°C, while in the canals and reservoirs it is by
3°C higher compared to the lake Licheñskie
(ZDANOWSKI 1994).

Specimens of A. woodiana were collected at three
sites: the lake Licheñskie – 29 specimens (Group I),
the warmest canal – 27 (Group II) and the initial cool-
ing reservoir – 23 (Group III). The total number of
specimens was 79. The material was collected by
Prof. BOGUS£AW ZDANOWSKI from the Institute of In-
land Fishery in Olsztyn.

Live individuals of A. woodiana were transported to
the Department of Genetics, University of Szczecin,
where they were kept during eight months. They were
fed every other day with dried Daphnia, and the water
in the aquaria was aerated.

The individual age was estimated based on annual
growth lines visible on the shell.

In the spring and summer 1999, sex of the bivalves
was determined. For this purpose wet preparations
were made of the gonad of each specimen and ana-
lysed in light microscope (Carl Zeiss Jena, Jenaval, SH
250) at 400× magnification. The presence of oocytes
was regarded as indicating female sex, their absence –
male sex. Sex was determined in the individuals that
survived in the laboratory till that time.

The shells were weighed (Sm) as dry, after remov-
ing the body when the experiments had been con-
cluded; analytical balance was used, the accuracy be-
ing 0.01 g. To estimate statistical significance of the
differences in the shell mass between and within the
age classes, t-Student test was used. The analysis of dis-
tribution of male and female specimens within the
shell weight classes was based on Chi2 test.

RESULTS

The shell mass (Sm) of the analysed specimens of
A. woodiana ranged from 10 to 154 g. The mean values
within groups I, II and III amounted to 43, 59 and 86
g, respectively (Table 1). The variability coefficient
(V%) of the shell mass in all the three studied groups
was high (over 25%), characteristic of an asymmetri-
cal distribution (Table 1). Based on t-Student test, stat-
istically significant differences were found in Sm be-

tween the three analysed groups. The mean value of
the parameter for all the material examined was 60 g
and was the closest to the mean value for group II.
The Sm values varied depending on the individual
age (Table 2).

The three analysed groups of A. woodiana differed
in their age structure (Table 2). Individuals aged 3
and 4 years were present in all the groups. In group
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III there were no individuals aged 2 years, and individ-
uals aged 5 years were absent from group I. The only
individual aged 6 years was found in group II. In
groups I and II the highest proportion was consti-
tuted by individuals aged 3 years (68% and 41%, re-
spectively), and in group III individuals aged 4 years
dominated (52%), the percentage of individuals aged
3 years being the lowest and individuals of 2 and 6
years being absent (Table 2). In the whole analysed
material individuals aged 3 years dominated (43%),
followed by specimens of 4 (33%) and 5 years (12%,
Table 2).

A positive correlation was found between the indi-
vidual age and shell mass(Table 2, Fig. 1). The highest

shell mass values in all the age classes were observed
in group III, except for individuals aged 2 years,
which were absent from that group. For individuals at
that age, the mean values of the parameter amounted
to 27 g in group I and 18 g in group II (Table 2). For
all the individuals aged 2+, the mean value of Sm was
21 g, for 3+ – 46 g, for 4+ – 77 g and for 5+ – 95 g. The
shell mass values differed statistically significantly be-
tween the age classes, except for the individuals of
classes 4+ and 5+. The age class 6+ was not included in
any statistical analysis since it was represented by a single
individual.

The correlation between the individual age and
the shell mass was the strongest in group II, where the
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Table 1. Basic statistics of shell mass (Sm) in three groups of A. woodiana

Sm [g] Group I Group II Group III All groups

N 28 27 21 76

X 42.59 59.20 85.76 60.42

SD 16.86 24.95 26.65 28.58

PU 6.25 9.41 11.40 6.43

V% 39.58 42.14 31.07 47.31

Xmin 19.26 9.64 43.74 9.64

Xmax 88.92 101.08 153.76 153.76

Table 2. Percentage of individuals, mean and extreme values of shell mass (Sm) in age classes of three groups of A.
woodiana

Age
%

individuals

Sm [g]

X

Sm [g]

Xmin–Xmax

Group I 2+ 10.70 27.21 19.26–39.23

3+ 67.86 37.51 25.26–59.41

4+ 21.43 66.39 46.95–88.92

5+ – – –

6+ – – –

Group II 2+ 18.52 18.04 9.64–28.69

3+ 40.74 58.09 37.77–83.68

4+ 29.63 74.58 62.18–90.51

5+ 7.41 85.78 79.78–91.78

6+ 3.70 101.08 101.08

Group III 2+ – – –

3+ 14.29 58.87 43.74–83.13

4+ 52.38 84.34 55.03–126.76

5+ 33.33 97.92 69.52–153.76

6+ – – –

All 2+ 10.53 21.48 9.62–39.28

groups 3+ 43.42 46.31 25.26–83.68

4+ 32.89 77.35 46.95–126.76

5+ 11.84 95.22 69.52–153.76

6+ 1.32 101.08 101.08



correlation coefficient was the highest (r = 0.8), fol-
lowed by group I (r = 0.7) and group III, where the
correlation was poor, with r = 0.4 (Fig. 1).

Sex was determined in 54 individuals which sur-
vived in the laboratory till the end. In group I, among
25 individuals, there were 21 females and 4 males,
which was 84% and 16%, respectively. In group II,
among 18 individuals, there were 8 females (44.44%)
and 10 males (55.56%). In group III, of 11 specimens,
6 were female (54.54%) and 5 male (45.46%). The re-
sults were analysed with Chi2 test, assuming the ex-
pected sex ratio as 1:1. Such a sex ratio was observed
in groups II and III, while the actual sex ratio in group
I departed significantly from the expected proportion
(p = 0.001).

No dependence was found between the sex of the
bivalves and their shell mass (Sm), except group I
which departed from 1:1 sex ratio.

DISCUSSION

Anodonta woodiana is characterized by a large shell
size and considerable weight. The biomass of its popu-
lation in Great Britain in the river Thames reached
3,000 kg/ha (NEGUS 1966). In Hungary, bivalves of
this species are the largest of native bivalves, and their
biomass in the river Körös was 75% total bivalve bio-
mass, which constitutes ca. 20–25 thousand kg/ha
(KISS 1992). The growth rate of the Hungarian popu-
lation is surprizing; the species invaded Hungary
about 1962 (KISS 1995). However, the growth of A.
woodiana is not linear. During hot summer periods it
may be even twice faster compared to cooler months
(KISS 1995). Because of the higher water temperature
in the Konin lakes, it should be expected that the
growth rate of A. woodiana and their proportion in the
aquatic ecosystem might be comparable to that in the
Hungarian populations. Such a change in the compo-
sition of the bottom fauna may considerably affect the
ecological equilibrium. Such phenomena were re-
peatedly observed among molluscs, other inverte-
brates and vertebrates (HEBERT et al. 1989,
BORCHERDING 1991, STRAYER 1991, MAY & MARSDEN
1992, SPIDLE et al. 1994, MARSDEN et al. 1996,
GOLDSCHMIDT 1999, LEE 1999).

The analysis of the shell mass (Sm) revealed a very
wide variation in all the three studied groups of A.
woodiana, as evidenced by very high values of the vari-
ability coefficient. The high variation within each
group results most probably from the age structure.
This is supported by the positive correlation between
the age and shell mass (r ranging from 0.447 to
0.844). However, differences in calcium carbonate
concentration in the environment, as well as individ-
ual differences in its accumulation in the shell can not
be excluded, the latter possibility being more likely

because of the uniform character of the habitats of
the analysed bivalves.

There was no dependence between the shell mass
(Sm) and the sex of the bivalves. The dependence
found in group I was not considered because of the
sex ratio departing from 1:1.

The observed differences in the shell mass be-
tween the age classes were statistically significant, ex-
cept individuals aged 4 and 5 years. This may result
from a very intense growth, including increment in
shell mass, in young A. woodiana, i.e. individuals aged
2, 3 and 4 years. The increase in body mass of individ-
uals aged 4+ and 5+ is already similar. A very intense
growth of young individuals of the species was ob-
served in Hungarian populations (KISS 1995). The bi-
valves from the warmest canal and from the initial
cooling reservoir (groups II and III, respectively) had
the highest mean values of the shell mass, both in the
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Fig. 1. Correlation between the age classes and shell mass
(Sm) in three groups of Anodonta woodiana



group and in particular age classes. The sites where
these bivalves were collected were characterized by a
water temperature by 3°C higher compared to the
lake Licheñskie (group I). The results confirm the
earlier studies of KISS (1995) who found that in
warmer waters the mass increase of A. woodiana was
higher. The large differences in the biomass between
the Hungarian and British populations of the species
may result, among others, from different habitat con-
ditions (NEGUS 1966, KISS 1992).

The three analysed groups of bivalves differed in
their age structure. The oldest individuals were pres-
ent in the highest proportion in groups II and III, i.e.
in the canal and reservoir. The population from the
lake Licheñskie was the youngest. The oldest individ-
ual of A. woodiana comes from the warmest canal of
the cooling water system near Konin and has lived
since 1993. The observed age differentiation in the
analysed groups of bivalves indicates their adaptation
to the new habitat conditions and the ability to grow
and reproduce there (GELLER et al. 1994). The date
1993 as the purported date of introduction of
A. woodiana in the warm canals of the Konin lake com-
plex is too late, though compatible with respect to the
locality, compared to the first mentions of the pres-
ence of the species in Poland. PROTASOV et al. (1994)
and ZDANOWSKI (1996) reported finding in 1993, at
the depth of 3 m under fish bins located in the dis-
charge canal of the power plant P¹tnów, large aggre-
gations of Chinese bivalves (up to 50–70 kg/m2), able
to filter as much as 1,600 l water per hour. Unfortu-
nately, the age of those individuals was not estimated.
Such large populations observed in 1993 could not be
founder populations. Based on this, it can be sus-
pected that the first individuals of A. woodiana ap-
peared in the area prior to 1993, and the studied ani-
mals were descendants of the introduced founder bi-

valves. The first individuals invaded the canals and
reservoirs of the system, and the lakes were invaded
only later.

Bivalves of the genus Anodonta show no sexual di-
morphism, only in few cases females are more convex
(PIECHOCKI & DYDUCH-FALNIOWSKA 1993). In this
study, the sex determination was based on micro-
scopic examination of the gonads: the presence of
ova in female specimens. In two of the analysed
groups of A. woodiana (II and III), the sex ratio was
close to the expected 1:1 proportion. However, in
group I the ratio considerably departed from the ex-
pected value. The sex ratio estimated by KISS (1995)
for Hungarian populations of A. woodiana was 60% fe-
males and 40% males. In groups II and III, the sex
ratio did not differ statistically (p>0.05) from that ob-
served in the Hungarian populations (KISS 1995). No
hermaphroditic individuals were found in the studied
groups of A. woodiana and in the Hungarian popula-
tions, though such individuals were observed in vari-
ous populations, e.g. Chinese and French (KISS 1992,
1995). Perhaps the ability of A. woodiana to change its
reproductive mode could be the reason for the biased
sex ratio in the bivalves of group I (84% females and
16% males), or it is accidental. The technique of sex
determination based on the presence of ova in female
individuals did not include observation of spermato-
zoa in male or hermaphroditic individuals. Thus, it
can not be excluded that some hermaphroditic speci-
mens were present in the analysed material, especially
in group I, where the sex ratio was biased towards fe-
males. In order to solve the problem it is necessary to
perform a histochemical analysis of the gonads – a
study already started by DOMAGA£A (personal com-
munication, Department of Zoology, University of
Szczecin).
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