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ABSTRACT: In the mid 1980s, the Chinese clam Sinanodonta woodiana (Lea, 1834) from SE. Asia was acciden-
tally introduced in the Konin heated lake system (central Poland) from Hungary, along with fish stocking ma-
terial. Currently, it inhabits abundantly the littoral zones of the five lakes that comprise the system, the initial
cooling basin, and most of the associated intake and discharge canals. The considerable heterogeneity of its
habitats in the system affects the morphological variation of its shells. The shell morphology, size, colour and
growth rate are shaped by environmental factors, of which temperature, water flow intensity, and substrate
type are the most important. The largest and heaviest specimens were found in the warmest habitats with the
fastest water flow. Specimens with shells up to 160 mm long constituted most of the population, while in mod-
erately heated areas the length was up to 125 mm, and in the coolest areas – 115 mm. The maximum individ-
ual weight was 900 g.
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INTRODUCTION

The unionid Sinanodonta woodiana (Lea, 1834) is a
new species to the Polish mollusc fauna. It was acci-
dentally introduced in Poland from Hungary in the
mid 1980s, with stocking material of the herbivorous
silver carp Hypophthalamichthys molitrix (Valenciennes,
1844) and grass carp Ctenopharyngodon idella (Valenci-
ennes, 1844) (PROTASOV et al. 1993, ZDANOWSKI et al.
1996, KRASZEWSKI & ZDANOWSKI 2001). Since intro-
duction, it has inhabited the ecosystem of the Konin
heated lakes in central Poland, where elevated water
temperature and turbulence provide good conditions

for its functioning and development. The variety and
complexity of its habitats – intake and discharge ca-
nals, cool and warm lakes, the initial cooling basin,
and the ecotone zone, favour its biomorphological
variation.

The aim of the study was to analyse the variation in
shell morphology (size, shape, color) and body mass
of S. woodiana inhabiting different anthropogenic
habitats in the Konin heated lake system and its asso-
ciated canals.

STUDY AREA

The Konin lake system is situated in central Poland
in the Wielkopolsko-Kujawskie Lakeland, 20 km

north of Konin, in the Lake Gop³o catchment area
(KONDRACKI 1998). The functioning of the Konin
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heated lake system is associated with two power plants
– the Konin Electric Power Plant that has been in op-
eration since 1958, with a nominal water intake and
discharge of 25 m3s-1, and the P¹tnów Electric Power
Plant, with a nominal capacity twice the size, which
was put into operation in 1970. With a total combined
surface area of 13 km2 and a volume of 60 million m3,
the Konin lake system is composed of lakes Œlesiñskie,
Mikorzyñskie, P¹tnowskie, Licheñskie, and Gos³aw-
skie. They are characterised by varied morphology,
trophic status, mixing, and thermal regime (Table 1)
(HILLBRICHT-ILKOWSKA & ZDANOWSKI 1978, 1988,
ZDANOWSKI 1989, 1994). The Konin lakes are con-
nected by a system of power plant water intake and
discharge canals which are 26 km long (Table 2). The
initial cooling basin, which is supplied by post-cooling
waters from the Konin plant, has been part of the sys-
tem since 1976 (Table 1).

The water level in the system is controlled by two
chamber locks, located in the Warta-Gop³o canal.
Water flows in the system are regulated by the P¹tnów,
Przesmyk, Konin, and Piotrkowice intermediate
pumping stations (Fig. 1).

There are two water circulation systems in the
Konin lakes. During periods of lower temperature,
from September to May, the “short” system is in opera-
tion. In the summer, the “long” system is operational,
which means that Lake Œlesiñskie and the northern
section of Lake Mikorzyñskie are included in the cool-
ing system when the intermediate pumping station on
the Piotrkowicki Canal is switched on (Fig. 1). This is
necessary during warmer periods, when additional
water cooling provided by these basins is needed be-
cause of the less effective heat exchange.

METHODS

The biomorphological analysis of S. woodiana was
conducted in 1999–2002. The sampling sites were se-
lected with the scuba diving method described in
PROTASOV et al. (1982). Following the initial descrip-
tion of the bottom morphometry of various sections
of canals and the littoral zone of the lakes (width,
depth, bottom profile), water flow rate was measured
and the types of substrata on which the clams had
settled were identified. The information was used to
select sites which would be representative of the
clam’s habitats in the lakes, canals, and initial cooling

basin (20 sites). Specimens from the ten most repre-
sentative sites with varied habitat conditions, where
observations were conducted continuously (4 years),
were subject to a detailed biometrical analysis. These
sites were: Lake Œlesiñskie (site 1), Lake Licheñskie
(5), initial cooling basin (6, 7, 8), Konin Power Plant
intake canal (10), Piotrkowicki Canal (15), Licheñ-
sko-P¹tnowski Canal (16), Warta-Gop³o Canal (17),
Licheñski Canal (18), Konin Power Plant discharge
canal (20) (Fig. 2).
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Table 1. Limnological, morphometric, and hydrological characteristics of the Konin heated lake system and the initial cool-
ing basin; data from Inland Fisheries Institute (IFI) and P¹tnów–Adamów–Konin Electric Power Plants (ZE PAK)

Index Unit
Lake

Œlesiñskie
Lake

Mikorzyñskie
Lake

P¹tnowskie
Lake

Licheñskie
Lake

Gos³awskie

Preliminary
cooling
reservoir

Limnological type* – eutrophy,
dimixis

�-mezo/eutrohy,
dimixis

eutrophy,
polymixis

eutrophy,
monomixis

eutrohy,
polymixis

eutrophy,
polymixis

Surface area P ha 152.3 251.8 282.6 147.6 454.5 ~ 75

Water volume V ×103 m3 11,550 29,050 7,255 6,712 13,485 1,800

Maximal depth Gmax m 24.5 36.5 5.5 12.6 5.3 4.2

Average depth Gmean m 7.6 11.5 2.6 4.5 3.0 2.5

Shore-line development L m 11,500 15,520 11,910 12,660 11,330 –

Active-bottom surface % 55 35 100 90 100 –

Direct catchment area km2 65.2 24.3 9.5 20.0 153.9 –

Water retention ** D 14
(6–30)

9
(5–16)

4
(3–6)

3
(2–5)

5
(4–6)

3
(3–4)

Water temperature T ** °C 14.1
(0.6–27.0)

14.5
(2.5–31.5)

14.8
(2.3–30.0)

16.2
(4.2–31.5)

16.4
(5.5–28.5)

22.0
(6.0–33.0)

* KORYCKA & ZDANOWSKI (1976)
** Data from 1999–2002; values of water retention in lakes Œlesiñskie and Mikorzyñskie during operation of “long” water system May–
–September



The clams were collected at depths of 1–3.5 m, us-
ing a frame with a surface area of 0.25 m2 (0.5 × 0.5 m),
from a bottom surface area of at least 1 m2. They were
cleaned of periphyton and sediments in the laboratory,
and left to dry on filtration tissue for 10 minutes. Shell
measurements were taken to the nearest 1 mm with a
slide caliper; these included the total length (L), par-
tial length measured from the shell apex to the top of
the wing (l), height measured from the umbo to the
ventral shell edge (H), height measured between the
top of the wing to the ventral shell edge (h), width

(W), and annual increment (G) (Fig. 3). These mea-
surements were used to determine the shell shape indi-
ces: H/L, W/L, W/H, l/L, h/H, h/L. WPS 1200C
(Radwag) analytic scales (accurate to within 0.1 g)
were used to determine the wet weight of live clams
(M). After the measurements, the clams were released.

The clam habitats were described based on the
analyses of measurements of flow rates in the canals
and initial cooling basin, the granulometry and con-
tent of organic substances in bottom deposits, water
temperature, and seston content. Water flow rates in
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Table 2. Morphometric and hydrological characteristics of the canals of the Konin system (authors’ own and ZE PAK data)

Canal
Length
[km]

Depth
[m]

Total
width
[m]

Average
width of
bottom
[m]

Nominal
water
flow*
[m3s-1]

Flow
velocity
[ms-1]

Water
tempera-
ture**
[°C]

Canal characteristics

Konin Power
Plant intake
canal

1.50 3.8 15-30 6.0 25 0.32 14.7
(1.5-27.8)

earthen, embanked on both
sides

West P¹tnów
Power Plant
intake canal

2.64 2.6 20-35 16.0 23 0.14 15.3
(2.5-27.5)

along the northern shore of
Lake Gos³awskie, partially
earthen and reinforced con-
crete embankments

East P¹tnów
Power Plant
intake canal

1.87 4.5 20-30 10.0 28 0.90 20.1
(10.8-26.8)

along the northern and west-
ern shores of Lake
Gos³awskie, embanked on
both sides, Przesmyk interme-
diate pumping station

Konin Power
Plant discharge
canal

0.75 3.8 15-30 13.5 25 0.12 22.5
(10.6-35.9)

along the initial cooling basin,
embanked on both sides

P¹tnów Power
Plant discharge
canal

4.25 4.0 20-40 16.0 53 (30) 0.28 23.5
(9.6-35.0)

embanked on both sides,
three outlets to Lake
Gos³awskie

Licheñski 5.21 4.0 15-40 14.0 55 (29) 0.17 21.2
(9.4-33.8)

partially embanked

Licheñsko-
P¹tnowski

0.50 3.0 15-25 6.0 6 0.11 (4.2-23.5) partially earthen and stone
embankments, partial water
dam at the outflow of Lake
Licheñskie

W¹soski 5.57 3.3 15-30 12.0 15 (10) 0.09 (9.4-24.5) partially reinforced concrete
embankment (section at the
outflow to Lake Mikorzyñskie)

Piotrkowicki 6.20 3.2 15-40 15.0 23 0.05 24.8 ****
(18.0-30.5)

partially reinforced with
fascine, the Piotrkowicki III
stage pumping station,
springborad water discharge
to Lake Œlesiñskie

Œlesiñsko-
Mikorzyñski

0.25 2.8 25-30 14.0 20 0.02 (3.1-24.0) numerous rocks on the bottom

Warta-Gop³o 8.50 3.5 25-50 11.5 30 0.10*** (4.5-25.6) fascine embankments, two
chamber locks at Morzys³aw
and P¹tnów sailing canal

* Water flow in the last canal section in parentheses
** Data from the 1999–2002 period; range of values in parentheses
*** Water flow rate when the locks are open
**** Temperature when the “long” cooling system is operational



the canals and initial cooling basin were measured with
a µP-TAD vane wheel flow sensor (Höntzsch Instru-
ment GmbH), and temperature measurements were
taken with a YSI 58 temperature probe (Yellow Springs
Instrument Inc.). The seston content of the lake and
canal water was determined by weight after filtering
samples through GF/C filters. Bottom deposit samples
8–10 cm thick were collected with a benthic fauna box
corer. Granulometric composition of the samples was
determined with the sieve analysis method.

The significance of differences in the shell param-
eters, weight and age were analysed with the T-Tukey
test for unequal sample sizes. The level of significance
was �=0.05. Based on this, the probability and differ-
ences between the clam groups that characterised dif-
ferent sites were determined. The dependence
among biomorphological traits was determined by
analysing annual shell growth with the Pearson (r)
correlation coefficient.
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Fig. 1. The cooling systems of the Konin Electric (KE) and P¹tnów Electric (PE) power plants
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Fig. 2. Sampling stations for Sinanodonta woodiana (Lea, 1834) in the Konin heated lakes system in 1999–2002



RESULTS

SHELL MORPHOLOGY

The shell shape of S. woodiana from the Konin lake
system was either oval or round-oval, with the umbo
displaced anteriorly and a strongly protruding central
section (Fig. 3). The shell edges of most individuals
were not perpendicular to each other. The posterior
edge rose above the apex towards the top. The wing
was clearly defined. The shells of juvenile clams were
thin and fragile, while those of older specimens were
thicker and heavier, with clearly visible annual incre-
ments.

The shell colour varied depending on the type of
substratum; it ranged from dark brown in places with
dark, muddy bottom, through brown to shades of
honey or olive green on bright, sandy substrata. Nu-
merous, variously shaped incrustations, protrusions,
and pearls were formed on the inside of the shells
(Fig. 4).

The coolest zones of the system were dominated by
specimens with a shell length range of 70–115 mm, in
moderately heated zones – 90–125 mm, and in the
warmest zones – 125–160 mm (Fig. 5). Thus, the total
shell length increased with increasing water tempera-
ture.

In general, the clams in the cooler canals reached
a length of up to 140 mm, while in the warmer canals

they attained 160 mm. In the warmest canals, the
shells were as long as 210 mm, and even 240 mm in
the initial cooling basin. The smallest average shell
size (L=72.7 mm) was characteristic of the clams from
Lake Mikorzyñskie and the largest (L=160.8 mm) –
from the initial cooling basin, in front of the stone
barrier in the immediate vicinity of the post-cooling
water discharge. The variation coefficient of the shell
length of clams from various sites was on an average
15–20% (Table 3). The differences in shell length
among the sites were significant (Table 4). Larger
specimens (>200 mm) were noted less frequently and
primarily in the warmest Konin power plant discharge
canal, in the immediate vicinity of the post-cooling
water discharge from the Konin power plant and in
the initial cooling basin. Specimens aged 10–11 years
achieved record lengths of 234 and 241 mm at weights
of nearly 1 kg.

The distance between the shell apex and the top of
the wing (l), was highly variable (Table 3). The high-
est value (57.6 mm) was noted in the specimens from
Licheñski Canal.

The clams in the discharge zone of the initial cool-
ing basin had the highest shells (H), the mean being
87.5 mm (Table 3). The clams in the warmer canal sys-
tems had somewhat lower shells (70.0–80.0 mm),
while those with the lowest shells (47 mm) occurred
in Lake Gos³awskie. The shell height was significantly
similar among the clams that occurred in Lake
Licheñskie and in the intake canal of the Konin
power plant, as was the case among the clams from
the Warta-Gop³o, Licheñski, and Piotrkowicki canals,
as well as those from the Konin power plant and
Licheñsko-P¹tnowski discharge canal (Table 4).

The wing height (h) was greater than the total
height (H) in all sites, due to the rising posterior
ridge of the shell (Table 3). The clams from Lake
Licheñskie and the intake canals of the Konin power
plant were similar in this respect, as were the speci-
mens from the Konin discharge, Piotrkowicki,
Licheñsko-P¹tnowski, and Licheñski canals (Table 4).

S. woodiana from the immediate vicinity of the water
discharge into the initial cooling basin were the widest
(W) (convexity), with the mean of 51.1 mm. Speci-
mens from warm canals and Lake Œlesiñskie had nar-
rower shells (>40.0 mm), while the shell width was the
smallest (mean 37.9 mm) in specimens from the mid
section and the outflow zone of the initial cooling ba-
sin. The shell width was significantly similar among
specimens from Lake Licheñskie, the initial cooling
basin, the intake canal of the Konin power plant and
the warm Warta-Gop³o, Licheñski, Konin power plant
discharge, and Piotrkowicki canals, as well as the zone
immediately adjacent to the initial cooling basin and
the Licheñsko-P¹tnowski Canal (Table 4).
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Fig. 3. Shell measurements of Sinanodonta woodiana (Lea,
1834), top view (A), side view (B): L – total length, l –
partial length, H – umbo/ventral shell edge height, h –
wing top/ ventral shell edge height, W – width, G – an-
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Fig. 4. Incrustations, protrusions and pearls of Sinanodonta woodiana
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Table 3. Morphometric parameters of Sinanodonta woodiana in the Konin heated lakes system. For study sites see Fig. 2

Site
Variability
measure

Parameter

L H W l h
H/L W/L W/H l/L h/H h/L

M
[g][mm]

Œlesiñskie
Lake site 1
(N = 93)

min 64 32 17 25 35 0.50 0.27 0.53 0.27 1.00 0.54 18.5
max 161 90 61 65 100 0.66 0.45 0.75 0.47 1.18 0.73 464.1
x 113.5 65.6 41.8 44.0 70.7 0.578 0.366 0.638 0.389 1.080 0.624 159.80
sd 19.9 12.0 7.9 8.6 12.6 0.03 0.03 0.05 0.04 0.03 0.04 82.1
ν 17.5 18.3 18.8 19.6 17.9 6.0 8.3 7.5 9.3 3.0 6.2 51.4

Licheñskie
Lake site 5
(N = 258)

min 53 28 16 21 30 0.46 0.26 0.40 0.25 0.99 0.50 14.0

max 151 96 60 62 99 0.72 0.48 0.84 0.50 1.33 0.77 388.2

x 107.7 61.5 39.4 39.7 66.7 0.571 0.365 0.642 0.370 1.086 0.619 144.28

sd 17.1 10.8 7.2 7.1 11.2 0.04 0.03 0.06 0.04 0.04 0.04 64.0

ν 15.9 17.5 18.2 17.8 16.9 7.1 9.2 8.7 11.3 3.9 6.3 45.5

Initial cool-
ing reservoir
discharge
zone sites 7, 8
(N = 323)

min 42 26 12 14 23 0.43 0.25 0.44 0.21 0.68 0.42 5.2
max 241 122 72 95 124 0.70 0.43 0.71 0.47 1.22 0.72 787.0
x 160.8 87.5 51.1 54.2 89.2 0.557 0.325 0.585 0.344 1.021 0.569 363.66
sd 32.5 16.2 9.6 12.5 16.4 0.04 0.03 0.05 0.04 0.05 0.05 150.7
ν 20.6 18.5 18.8 23.1 18.4 7.4 9.4 8.6 12.3 4.8 8.5 41.5

Initial cool-
ing reservoir
outflow
zone site 6
(N = 51)

min 52 30 16 17 30 0.45 0.30 0.49 0.26 0.99 0.46 12.4
max 155 87 60 36 95 0.77 0.53 0.88 0.33 1.14 0.84 329.5
x 96.0 56.9 37.9 28.6 59.7 0.593 0.392 0.663 0.299 1.049 0.622 108.84
sd 20.7 12.1 8.8 5.5 12.7 0.05 0.04 0.07 0.02 0.03 0.06 65.3
ν 21.0 20.9 23.1 19.1 21.3 8.0 11.3 10.8 6.6 3.3 8.9 56.4

Konin
Power Plant
intake canal
site 10
(N = 35)

min 44 30 15 12 30 0.50 0.30 0.50 0.27 0.99 0.52 10.5
max 133 83 52 39 89 0.68 0.50 0.84 0.33 1.12 0.71 257.6
x 103.5 62.3 39.3 30.8 66.0 0.603 0.379 0.631 0.294 1.059 0.638 140.83
sd 20.5 13.0 8.8 6.3 13.9 0.05 0.04 0.06 0.02 0.03 0.05 69.0
ν 19.8 20.9 22.3 20.5 21.1 7.5 11.6 9.8 5.9 2.9 7.7 47.8

Piotrkowicki
Canal
site 15
(N = 142)

min 51 41 20 18 41 0.47 0.28 0.49 0.25 1.01 0.50 22.0
max 187 107 65 73 122 0.80 0.46 0.81 0.45 1.20 0.84 529.0
x 127.3 74.5 46.6 44.6 81.3 0.587 0.366 0.626 0.349 1.090 0.639 246.30
sd 19.9 12.4 8.3 10.5 14.0 0.05 0.03 0.06 0.05 0.04 0.05 96.7
ν 15.6 16.7 17.8 23.7 17.2 8.8 9.1 9.7 15.7 3.6 8.4 40.4

Licheñsko-
-P¹tnowski
Canal site 16
(N = 79)

min 46 53 33 18 56.7 0.50 0.31 0.55 0.28 0.99 0.53 86.0
max 185 103 61 72 112 0.77 0.87 0.76 0.49 1.18 1.39 586.8
x 134.6 78.0 49.9 48.1 83.0 0.587 0.376 0.642 0.357 1.064 0.624 289.56
sd 20.7 11.2 6.8 10.5 12.0 0.05 0.07 0.05 0.05 0.05 0.10 104.2
ν 15.4 14.3 13.6 21.8 14.5 8.0 17.7 7.4 14.2 4.3 16.3 36.0

Warta-Gop³o
Canal site 17
(N = 251)

min 34 20 9 10 22 0.13 0.06 0.45 0.22 0.98 0.15 3.5
max 200 103 65 78 108 0.68 0.50 0.90 0.50 1.20 0.74 572.2
x 134.9 72.2 46.0 46.5 77.6 0.541 0.345 0.638 0.346 1.076 0.574 239.34
sd 20.1 11.9 7.5 11.0 12.9 0.05 0.04 0.05 0.07 0.04 0.06 100.2
ν 14.9 16.5 16.3 23.7 16.6 9.9 11.2 8.3 19.7 3.6 9.8 40.5

Licheñski Ca-
nal site 18
(N = 131)

min 35 22 4 12 22 0.46 0.03 0.06 0.32 0.91 0.47 30.0
max 174 97 62 80 109 0.63 0.42 0.78 0.49 1.20 0.72 482
x 137.8 74.2 46.0 57.6 81.9 0.540 0.334 0.621 0.418 1.101 0.595 252.81
sd 17.9 9.7 7.7 8.7 11.3 0.03 0.04 0.08 0.03 0.05 0.04 75.8
ν 13.0 13.1 16.7 15.0 13.8 6.2 12.1 12.6 7.3 4.2 7.1 29.9

Konin Power
Plant dis-
charge canal
site 19
(N = 143)

min 19 14 6 10 16 0.48 0.24 0.43 0.22 0.92 0.48 1.1
max 185 102 61 77 117 0.74 0.41 0.76 0.53 1.22 0.84 497.9
x 140.9 77.9 46.1 45.5 81.0 0.551 0.327 0.592 0.323 1.040 0.578 264.17
sd 25.4 13.9 8.5 11.4 15.3 0.04 0.03 0.06 0.05 0.05 0.05 101.3
ν 18.0 17.9 18.5 25.1 18.9 7.2 7.7 9.7 16.6 5.2 9.0 36.6

x – mean value, SD – standard deviation, í – coefficient of variation, N – sample size



In general, with age the growth of shell length (L)
intensified in comparison to that of height (H) and
width (W), while the shell length (H/L) and width
(W/L) coefficients tended to decrease. The variability
coefficient of W/H indicated faster growth of width in
relation to height in younger specimens. Growth in ma-
ture clams was primarily in shell length. There was not
much variation (under 10%) in the shell shape coeffi-
cient at individual sites (H/L, W/L, W/H, h/H, h/L),
with the exception of the l/L coefficient (Table 3).

The clams with the highest shell height coefficient
H/L were found in the Konin power plant intake ca-
nal (mean 0.603), in the mid section and outflow
zone of the initial cooling basin and in Lake Gos³aw-
skie (mean 0.593) (Table 3). Their shell height (H)
was relatively large in comparison with the shell
length (L). The lowest values of this coefficient were
noted in clams from the warm Warta-Gop³o and
Licheñski canals and discharge canals of both the

Konin and P¹tnów power plants (mean 0.540–0.551).
The variation of this parameter between the sites was
significant (Table 4).

The clams from the Piotrkowicki Canal and the
Konin power plant intake canal had the highest h/L
coefficient (0.639 and 0.638, respectively), while the
lowest values (mean 0.569-0.595) were those for speci-
mens from the warmest canals and the immediate vi-
cinity of the water discharge into the initial cooling
basin (Table 3). The posterior edge of the shell was
clearly raised in the clams from the Piotrkowicki Ca-
nal and Lake Licheñskie and its canal; it was less pro-
nounced in specimens from the immediate vicinity of
the water discharge into the initial cooling basin. Vari-
ation in the h/H coefficient between the sites was sig-
nificant.

The l/L coefficient, which describes the distance
from the shell apex to the end of the wing, was the
highest in the clams from the Licheñski Canal (mean
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Table 4. Arrangement of increasing likelihood of shell morphometrics and wet weight of the clam Sinanodonta woodiana
(mean values) at various study sites

Para-
meter Sites R2

L ICB2 KEPPic LL SL PC L-PC W-GC LC KEPPdc ICB1 95.3

96.0a 103.5b 107.7c 113.5d 127.3e 134.6f 134.9f 137.8g 140.9h 160.8i

H ICB2 LL KEPPic SL W-GC LC PC KEPPdc L-PC ICB1 91.6

56.9a 61.5b 62.3b 65.6c 72.2d 74.2d 74.5d 77.9e 78.0e 87.5f

W ICB2 KEPPic LL SL W-GC LC KEPPdc PC L-PC ICB1 84.4

37.9a 39.3a 39.4a 41.8b 46.0c 46.0c 46.1c 46.6c 49.9d 51.1d

l ICB2 KEPPic LL SL PC KEPPdc W-GC L-PC ICB1 LC 95.6

28.6a 30.8a 39.7b 44.0c 44.6c 45.4c 46.5cd 48.1d 54.2e 57.6f

h ICB2 KEPPic LL SL W-GC KEPPdc PC LC L-PC ICB1 83.9

59.7a 66.0b 66.7b 70.7c 77.6d 81.0e 81.3e 81.9e 83.0e 89.2f

H/L LC W-GC KEPPdc ICB1 LL SL L-PC PC ICB2 KEPPic 64.3

0.540a 0.541a 0.551a 0.557ab 0.571bc 0.578c 0.587c 0.587 c 0.593c 0.603d

W/L ICB1 KEPPdc LC W-GC LL PC SL L-PC KEPPic ICB2 91.1

0.325a 0.327a 0.334ab 0.345b 0.365c 0.366c 0.369c 0.376c 0.379c 0.392d

W/H ICB1 KEPPdc LC PC KEPPic W-GC SL LL L-PC ICB2 23.0

0.585a 0.592a 0.621b 0.626b 0.631b 0.638b 0.639b 0.642b 0.642b 0.663c

l/L KEPPic ICB2 KEPPdc ICB1 W-GC PC L-PC LL SL LC 8.8

0.294a 0.299a 0.323b 0.344c 0.346c 0.349c 0.357cd 0.370d 0.389e 0.418f

h/H ICB1 KEPPdc ICB2 KEPPic L-PC W-GC SL LL PC LC 61.1

1.021a 1.040b 1.049bc 1.059c 1.064cd 1.076de 1.080de 1.086 e 1.090e 1.101e

M ICB2 KEPPic LL SL W-GC PC LC KEPPdc L-PC ICB1 98.8

108.8a 140.83ab 144.28ab 159.80b 239.3c 246.3c 252.8c 264.17c 289.56c 363.66d

R2 – coefficient of determination
*Identical indices indicate a significant probability between stations with regard to the analysed parameter (T-Tukey test, �=0.05).
**Abbreviations of study sites:
SL – Œlesiñskie Lake (st. 1), LL – Licheñskie Lake (st. 5), ICB1 – reservoir of initial cooling – discharge zone (st. 7, 8), ICB2 – reservoir of
initial cooling – outflow zone (st. 6), KEPPic – Konin Power Plant intake canal (st. 10), PC – Piotrkowicki Canal (15), L-PC – Licheñsko-
-P¹tnowski Canal (st. 16), W-GC –Warta-Gop³o Canal (st. 17), LC – Licheñski Canal (18), KPPdc – Konin Power Plant discharge canal (20)



0.418), and the lowest in clams occurring in the mid
section and outflow zone of the initial cooling basin
(mean 0.299) and in the Konin power plant intake ca-
nal (mean 0.249) (Table 3).

The shell coefficients W/L and W/H (Table 3 and
4) were the highest in clams from lakes Licheñskie
and P¹tnowskie and from the Licheñsko-P¹tnowski,
fish farm pond discharge, Konin power plant intake,
and the outflow zone of the initial cooling basin. In
relation to length (L) and height (H), the shell width
was significant here. The lowest shell width coeffi-
cients were noted in the clams from the Konin power
plant discharge canal and the immediate vicinity of the
water discharge into the initial cooling basin.

Although S. woodiana from the Konin lake system
exhibited a certain amount of variation in the shell
shape, they differed significantly from the native
unionid populations. They were also decidedly larger.
The average shell length of S. woodiana was 120 mm.
Unio tumidus and U. pictorum, which are indigenous to
the Konin system, were on an average 60 mm long,
Anodonta anatina and A. cygnea were 80 mm long.
Single specimens of S. woodiana measured as much as
200 mm, and the largest recorded specimens were
234 and 241 mm.

No sexual dimorphism was observed in S. woodiana;
nor did any of the morphometric parameters (L, H, W,
H/L, W/L, W/H and M) differ significantly between
males and females. The probability coefficient with re-
gard to sex, study site, and their mutual interactions
were insignificant in each case (p >0.05).

SHELL SHAPE VARIATION

Two groups of S. woodiana which differed in their
shell height were distinguished in the Konin lake sys-
tem, based on the H/L coefficient. The lowest shells
came from the warmest sites: Lake Licheñskie, Warta-
-Gop³o, and Konin power plant discharge canals
where the water flow exceeded 0.1 ms-1. The highest
clams occurred in the lentic zones of moderately
heated waters, such as Lake Œlesiñskie, the mid sec-
tion and outflow zone of the initial cooling basin, and
the Piotrkowicki, Licheñsko-P¹tnowski and the cold
Konin intake canals (Table 4).

Based on the width (W/L and W/H) coefficients,
three types of shells were identified which differed
significantly in their width. Clams with the narrowest
shells came from the area of the warmest heated water
discharge. The second group included clams from
lakes Œlesiñskie and Licheñskie and the Piotrkowicki,
Konin power plant intake, and Licheñski canals. The
third group, which was the most convex, occupied the
area of the initial cooling basin water outflow zone
(Table 4).

The h/H coefficient, which describes the slope of
the posterior edge of the clam (gentle or distinct),
permitted singling out significantly, extremely varied
clams, that occurred in the immediate vicinity of the
discharge area of the initial cooling basin and speci-
mens inhabiting Lake Licheñskie and the Piotrkowic-
ki and Licheñski canals (Table 4).

Analogously, five groups were distinguished based
on the l/L coefficient. The clams from the Konin
power plant intake canal and the mid section and out-
flow zone of the initial cooling basin differed most
from the clams from the Licheñski Canal (Table 4).

Clear morphological variation of the shells was not
only visible among the various lakes and canals, it was
also notable within the initial cooling basin of only 70
ha (Tables 3a, b, 4). The substrata, turbulence, and
thermal regime differed between the immediate vi-
cinity of the water discharge and the outflow zone of
the initial cooling basin. Significant variations in the
shell size, shape, and colour were observed in the
clams from the immediate vicinity of the post-cooling
water discharge (sites 7, 8) and from the zones farther
away from this area (site 6) (Fig. 1). The clams from
the discharge zone were decidedly larger than those
inhabiting the farther reaches of the basin. Their
mean shell length was 150 mm and the maximum
length was 241 mm, while in the farther reaches of the
basin the corresponding values were 100 and 155
mm. The shells of clams from the mid section and the
outflow zone of the basin were the widest (W/L) and
almost the highest (H/L), compared to all other
clams of the system. The shells of clams from the im-
mediate vicinity of the discharge were dark brown,
while those from other zones of the basin were a light
honey-brown colour.

WEIGHT VARIATION

The wet weight (including the shell1) of S. woodiana
differed significantly between sites; the heaviest clams
generally occurred in the warmest habitats that also
had the fastest flow. The clams from the immediate vi-
cinity of the post-cooling water discharge in the initial
cooling basin were generally heavier (mean M 364 g)
(Table 3). Somewhat lighter specimens (mean
240–290 g) occurred in the warm canals. The canals
that carried water away from the fish farm ponds and
Lake Gos³awskie were inhabited by clams with the low-
est weight (<100 g). The differences in the wet weight
were confirmed with the T-Tukey test (Table 4). Weight
differences were also observed between the age classes
at monitored sites (Fig. 6). The annual weight incre-
ment also varied among sites; the mean for the whole
population was approximately 100 g.
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1 Water losses from the mantle cavity during wet weight
measurements, which were conducted within 120 minutes
of sampling, did not exceed 1.7%.



DISCUSSION

The results indicate that habitat has a significant
effect on the shell shape variation of S. woodiana. Shell
characters are the basic criteria, when identifying bi-
valves (ZHADIN 1952, KODOLOVA & LOGVINENKO
1974, ARTER 1989, DYDUCH-FALNIOWSKA & KOZIO£
1989, ALDRIDGE 1999, ZETTLER 2000). The plasticity
of the shell phenotype of S. woodiana is as large as in
many other unionid species (EAGAR 1978, DUDGEON
& MORTON 1983, HINCH et al. 1986, KISS & PEKLI
1988, HANSON et al. 1988, BAILEY 1989, GREEN et al.
1989, KISS 1992). This is reflected in the significant
variation of the various habitats, in which the Konin
system clams were able to form more or less dense
populations. Morphological variation in clam shells
was even discernable in the small initial cooling basin.
The substrata, turbulence, and thermal regime dif-
fered in the water discharge and outflow zones of the
initial cooling basin. Due to adapting their shell
shape, the clams occurring here are able to function
under varied environmental conditions.

Water turbulence can modify the size and shape of
clam shells. GREEN et al. (1989) found that, when ex-
posed to water flow, Elliptio complanata was longer and
wider. The clams in the strong water flow of the
heated Konin canals and in the immediate vicinity of
the post-cooling water discharge into the initial cool-
ing basin were longer, lower, and less convex (nar-
rower). Specimens from the remaining sites were
shorter, had a more pronounced posterior ridge, and,
in the mid section, were strongly convex.

The shell colour of S. woodiana matched that of the
substratum; this is a fairly common phenomenon in
aquatic and terrestrial molluscs. BYERS (1990) be-
lieves that polymorphic shell color in molluscs is a typi-
cal phenomenon effected by the interaction of many
environmental factors.

The posterior lengthening of the shell, with the
simultaneous shortening and thickening of the an-
terior part permits S. woodiana to burrow into muddy
and sandy substrata. The anchoring in these clams is
effected by the relatively large foot, since the species
lacks mobile siphons and the shells have a rather
smooth surface. In many clam species that burrow in
the substratum, or at least in members of the genera
Mya, Macoma, and Lutraria, these physical characteris-
tics are of primary significance (FALNIOWSKI 2001).

Most clams of the genus Anodonta (PIECHOCKI &
DYDUCH-FALNIOWSKA 1993) do not exhibit sexual di-
morphism. HAUKIOJA & HAKALA (1978) and DUD-
GEON & MORTON (1983) maintain that females may
be more convex and slightly larger than males of the
same age class, as a result of having larger gonads.
The Chinese clam from the Konin system showed no
significant difference in the morphometric para-
meters of shells of specimens of both sexes.

In the Konin lake system S. woodiana reached con-
siderable shell sizes, with the largest examples (above
200 mm, with record sizes of 230–240 mm) noted in
the warmest, lotic habitats. Larger individuals of this
species, measuring 270 mm (GIRARDI & LEDOUX
1989), 266 mm (DJAJASASMITA 1982), and 251 mm
(KISS 1995) were found in France, Java, and Hungary,
respectively.

The growth of the Chinese clam in the Konin sys-
tem was more intense than in the same species in-
habiting aquatic ecosystems in Hungary (KISS 1995).
In comparison with other unionids, this difference
was much more significant (LEWANDOWSKI & STAÑ-
CZYKOWSKA 1975, ALIMOV 1981, ABRASZEWSKA-KO-
WALCZYK 2002, KRASZEWSKI unpublished.)
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CONCLUSIONS

In the Konin heated lake system Sinanodonta
woodiana exhibits a significant variation in shell
shape, as a result of the high heterogeneity of the habi-
tats. The shell morphology, size, and colour are af-
fected by environmental factors, the most important
of which are water temperature and flow rate and the
character of the substratum. The clams in the warm-
est and fastest flowing canal waters have the lowest

shells, while those in the lentic zones of the moder-
ately heated lakes – the highest. The clams in the
warmest habitats have flattened shells. Habitat condi-
tions also have a significant effect on the growth,
which is reflected in the significant differences
among the linear measurements of the shells of clams
from habitats of different character.
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