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Abstract. The aim of the study was to identify changes in the
quality and quantity structure of the zoobenthos assemblages
inhabiting the lakes, channels, and basins that comprise the
cooling system of a power plant in central Poland. By comparing
the invertebrate fauna occurring on the freshwater clam
Sinanodonta woodiana (Lea) and the macrophyte Vallisneria

spiralis (L.), the significance of exotic species in the development
of invertebrate macrofauna species was demonstrated. The
zoobenthos inhabiting the channels was poorer quantitatively and
qualitatively than was the lake zoobenthos. Factors that
determined this included thermal and oxygen conditions and
water flow. Elements that enriched the development of the
zoobenthos and the zooperyphyton included populations of alien
zebra mussel Dreissena polymorpha Pallas and S. woodiana, and
assemblages of Myriophyllum spicatum L. and Ceratophylum

demersum L. In comparison to thirty years ago, the quality of the
bottom fauna in the system has decreased.

Keywords: heated lake, channels, zoobenthos,
chironomids, substrate preferences

Introduction

Zoobenthos play an important role in aquatic environ-
ments and affect many aspects of their ecology, in-
cluding habitat-forming functions, organic material

transformation, and the cycling of organic elements
(Covich et al. 1999). Factors that influence whether or
not invertebrates settle in an aquatic ecosystem in-
clude the flow of organic and inorganic materials in
the basin, temperature, oxygen content, light penetra-
tion, water flow rate, substrate type, food availability,
and predation by fish and invertebrate predators
(Kajak and Prus 2001). Assemblages of benthic or-
ganisms are used as bioindicators of changes in water
quality (Marchese and Ezcuura de Drago 1999,
Kownacki 2000, Kudelska and Soszka 2001).

The density of benthic fauna depends on environ-
mental productivity and thermal and oxygen condi-
tions. Higher zoobenthos biomass is noted in shallow,
nutrient-rich environments that are well oxygenated.
The biomass of benthos occurring in oxygen-depleted
conditions in deep profundal zones is not high (Prus
1998). The biomass of invertebrate fauna occurring
on submerged vegetation is comparable with that of
benthic fauna, but it is several hundred times lower on
emerged vegetation (Pieczyñski 1977). The overall
abundance of invertebrate macrofauna can fluctuate
from several to even several thousand individuals per
square meter (Protasov et al. 1994).

Discharges of post-cooling waters by power plants
are an important factor that changes the ecological
structure and functioning of aquatic ecosystems
(Hillbricht-Ilkowska and Zdanowski 1988, Protasov et
al. 1997). Changes in the domination and abundance
of benthic fauna and variation from the characteristic
structure of the zoobenthos and zooperiphyton is a
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consequence of heating waters and subsequent
changes in the hydrological and trophic regimes of
aquatic basins. Long-term heating usually results in the
impoverishment of invertebrate macrofauna, decreased
species diversity, and the reduced abundance of organ-
isms. This can ultimately lead to the loss of many spe-
cies. The niches made available by these organisms are
then free to be settled by alien species, especially
thermophilic ones (Wróblewski 1977).

The first investigations of the benthic fauna of the
Konin heated lakes system were done in the 1960s
and 1970s (Leszczyñski 1976c, Wróblewski 1977).
Until recently, these studies were the only source of
information on the domination structure of the ben-
thic species inhabiting this system. Protasov et al.
(1994, 1997) presented changes in the quality and
quantity structures of the zoobenthos and also con-
firmed the massive occurrence of the freshwater clam
Sinanodonta woodiana (Lea) in the heated channels
of the cooling system as well as the thermophilic
macrophyte Vallisneria spiralis (L.).

The aim of the study was to identify changes in the
quality and quantity structure of the zoobenthos as-
semblage in the Konin heated lakes and the channels
that connect them with a focus on descriptions of the
macrofauna of the lotic systems. The comparison of
the invertebrate fauna occurring on S. woodiana and
V. spiralis confirmed that these exotic species played
significant roles in the shaping of conditions for the
development of invertebrate macrofauna.

Materials and methods

Studies of the benthic fauna of the lake system, chan-
nels, and water cooling basins of the power plant
were conducted in 2000-2002 (Fig. 1). Twelve basic
stations were distributed among the littoral,
sublittoral, and profundal zones of lakes Licheñskie
and Œlesiñskie, in the immediate vicinity of the dis-
charge from the initial cooling basin, and from the
bottom of the zone of the main water flow in the
channels (Table 1). In 2000, samples were collected
six times (January, April, June, July, September)

and once in 2002 (July). Additionally, five supple-
mentary stations were designated (Table 1) that were
located in the immediate vicinity of the water dis-
charge site from the Konin Power Plant (KPP), in the
warm Licheñskie Channel, in a cold stretch of the
Warta-Gop³o Channel, in the Licheñsko-P¹tnowskie
Channel, and in the littoral zone of Lake Licheñskie.
Samples were collected from these stations three
times (in July 2000, 2001, and 2002). In 2001 and
2002 during the peak growing season, samples were
also collected of epibiontic fauna occurring on
S. woodiana and phytophilous fauna occurring
among submerged vegetation species V. spiralis,

Myriophyllum spicatum L., and Ceratophylum

demersum L.

Benthic fauna samples were taken from the litto-
ral and sublittoral zones of lakes, the initial cooling ba-
sin, and the channels in three replicates with
a sediment box sampler with a grab area of 100 cm2

according to methods described in Protasov et al.
(1982). Benthos from the profundal zones of the lakes
was collected in three replicates with a Kajak core
sampler and an Ekman-Birge bottom sampler with
a grasping area of 225 cm2. The benthos samples col-
lected were sieved through a metal sieve with a mesh
of 0.25 x 0.25 mm, which permitted separating out
the organisms that are identified as macrozoobenthos
(Schlacher and Wooldridge 1996a, 1996b).

The epibiontic fauna occurring on freshwater
clams and phytophilous invertebrates were collected
by divers from a bottom section delineated by a frame
with an area of 0.5 m2. Vegetation was cut and
placed in a drag with a 0.25 x 0.25 mm mesh size.
The vegetation samples were rinsed in water and
then sorted to separate the phytophilous fauna from
the substrate. In the laboratory, the vegetation was
dried at a temperature of 105°C. Samples of benthic,
epibiontic, and phytophilous fauna were preserved in
a 4% formaldehyde solution. After drying on blotting
paper, the individual organisms were weighed to the
nearest 0.1 mg. The abundance and biomass of the
benthic fauna were recalculated to 1 m2 of bottom
area; phytophilous fauna were recalculated to 100 g
wet weight of vegetation (w.v.); epibiontic fauna were
recalculated to 1000 g mussel wet mass (m.w.m.).
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Since the share of Chironomidae larvae in the

overall abundance and biomass of invertebrate

macrofauna was significant, they are described with

domination and frequency indices (Kasprzak and

Niedba³a 1981). Species domination in this group

was expressed in classes, as follows: subrecendent

< 1%, recendent 1.1-2.0%, subdominant 2.1-5.0%,

dominant 5.1-10.0%, and eudominant > 10.1%. The

frequency of occurrence of Chironomidae larvae was

determined based on sorting the organisms into

classes, as follows: accidental species < 25.0%, ac-

cessory species 25.1-50.0%, constant species

50.1-75.0%, and absolutely constant species

> 75.0%. Faunistic similarity coefficients were calcu-

lated for the assemblages of Chironomidae larvae as

well as for those of bottom, epibiontic, and

phytophilous fauna (Marczewski and Steinhaus

1959, cited in Kasprzak and Niedba³a 1981).
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Figure 1. Location of zoobenthos sampling station in the Konin lakes system in 2000-2002. LL – Licheñskie Lake, SL – Œlesiñskie Lake,
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Table 1
Morphological and hydrological characteristics of the basic (1-12) and supplementary (13-17) zoobenthos sampling sites in the
Konin lakes system in 2000-2002

Location
Sampling
station
number

Depth (m)
Temperature
(�C)

Oxygen
content
(mg O2 dm-3)

Water flow
rate (m s-1)

Substrate type Characteristics

Initial cooling basin 1 2.0 21 9 0.03 Muddy ediments -

Initial cooling basin 2 3.0 20 9 0.02
Muddy sediments

(organic)
-

Konin Power Plant discharge channel 3 2.3 19 9 0.12

Sandy sediments

covered with S.

woodiana shells

No aquatic vegetation

Konin Power Plant inlet channel 4 3.0 14 10 0.32

Sandy-rocky

sediments covered

with D. polymorpha

shells

-

Warta-Gop³o Channel 5 2.5 21 7 0.10 Sandy sediments Warm segment

Piotrkowicki Channel 6 3.1 24 8 0.05 Muddy sediments

Segment up to

pumping station

banks overgrown with

V. spiralis

Lake Licheñskie (littoral) 7 0.5 18 8 Sandy sediments
Bottom covered with

mats of V. spiralis

Lake Licheñskie (sublittoral) 8 2.5 18 8

Sandy sediments

covered with D.

polymorpha shells

Station located outside

range of V. spiralis

Lake Licheñskie (profundal) 9 7.0 4 4 Muddy sediments -

Lake Œlesiñskie (littoral) 10 0.5 13 11 Sandy sediments

Banks overgrown with

submerged and

emerged vegetation

Lake Œlesiñskie (sublittoral) 11 2.5 14 9

Sandy sediments

covered with

filamentous algae

-

Lake Œlesiñskie (profundal zone) 12 15.0 4 2 Muddy sediments

Periodic oxygen

depletion, detectable

H2S

Konin Power Plant discharge channel 13 2.5 20 8 0.12
Sandy-rocky

sediments

Immediate water

discharge area – no

vegetation

Licheñski Channel 14 3.2 20 7 0.17 Sandy sediments No vegetation

Warta-Gop³o Channel 15 1.5 14 5 0.01 Muddy sediments Cold segment

Licheñsko-P¹tnowski Channel 16 2.6 25 6 0.11

Muddy sediments

covered with D.

polymorpha shells

Banks overgrown with

V. spiralis and

emerged vegetation

Lake Licheñskie (littoral) 17 1.0 18 8 Sandy sediments
Bottom totally covered

with V. spiralis



Changes in fauna abundance and biomass at sam-
pling stations in the different years of the study were
analyzed with Tukey’s test. Relationships between
environmental characteristics and abundance, bio-
mass, and the number of taxa of invertebrates were
estimated with canonical correlation analyses. The
significance of relationships between the groupings
of benthic fauna and environmental factors (water
temperature, oxygen content, water flow, depth and
character of substrate) were tested with analysis of
covariance (ANCOVA).

Results

General characteristics of the zoobenthos

The invertebrate fauna of the Konin lakes system was
represented by 75 taxa. The benthic fauna comprised
60 species, epibiontic 25, and phytophilous 49 (Ta-
ble 2). The greatest diversity among the three catego-
ries of zoobenthos were exhibited by Chironomidae
(18 taxa), Oligochaeta (8 taxa), and Bivalvia (7 taxa)
among the benthic fauna; by Chironomidae (10
taxa), Oligochaeta (4 taxa), and Amphipoda (3 taxa)
among the epibiontic fauna; and by Chironomidae
(13 taxa) and Gastropoda (8 taxa) among the
phytophilous fauna.

Benthic fauna

The occurrence and abundance of benthic
macroinvertebrates at the sampling stations during
the study period depended on the depth and oxygen-
ation of the habitats (ANCOVA, P < 0.05). The great-
est benthic fauna species richness was noted at the
most oxygenated stations (> 8 mg dm-3) that were
moderately warm (Fig. 2). In the sublittoral of Lake
Œlesiñskie (station 11) and in the littoral of Lake
Licheñskie (station 7) 30 and 37 taxa were noted, re-
spectively. The lowest benthic fauna species richness
was noted in the profundal zone of Lake Œlesiñskie
(station 12) and in the discharge channel of the
power plant (station 13). There was no correlation

between species richness of the benthic fauna and
the degree to which the water was heated.

The abundance of benthic fauna at stations was
linked to the depths at which the zoobenthos settled
in different zones (ANCOVA, P < 0.01). The highest
benthic fauna abundance (1714 indiv. dm-3) was
noted in the littoral zone of Lake Œlesiñskie (station
10), while the lowest (39 indiv. m-2) was in the
profundal zone of Lake Licheñskie (station 9). The
abundance of benthic fauna fluctuated greatly in the
lotic zone (from 435 to 1053 indiv. m-2; Fig. 3). The
abundance of zoobenthos in the heated channels in-
creased with distance from the discharge site, and the
highest abundance was noted in distant segments of
the discharge channels. Oligochaetes, especially
those of the genus Tubifex, dominated quantitatively
in all of the lotic zones including the sublittoral (sta-
tion 8) and profundal (station 9) zones in the heated
Lake Licheñskie. The majority of the zoobenthos
abundance in the Konin Thermoelectric Plant inlet
channel (station 4) and in the profundal zone of Lake
Œlesiñskie (station 12) was comprised of amphipods,
represented primarily by Corophium curvispinum

G.O Sars. However, at the lentic stations, which in-
cluded the littoral zone of Lake Licheñskie (station 7)
and the littoral (station 10) and sublittoral (station
11) of Lake Œlesiñskie, were dominated by
Chironomidae, and their abundance was determined
by the mass occurrence of Stictochironomus

psamnophilus Chernovskij.

The variation in benthic fauna biomass at sta-
tions was linked to the depths the zoobenthos inhab-
ited in the various zones (ANCOVA, P < 0.01). In the
littoral and sublittoral of lakes Licheñskie (stations 7
and 8) and Œlesiñskie (stations 10 and 11) as well as
in the distant segments of the warm discharge chan-
nel the benthic fauna biomass was higher (from 4.30
to 6.05 g m-2) than it was in the other lotic zones of
the initial cooling basin (from 1.21 to 3.59 g m-2).
The lowest benthic fauna biomass (0.15 g m-2) was
noted at station 9 in the profundal zone of Lake
Licheñskie (Fig. 4). Usually, the biomass dominant
were oligochaetes, while amphipods and chirono-
mids dominated in terms of weight in KPP inlet chan-
nel (station 4), in the littoral of Lake Licheñskie

Changes in the zoobenthos structure in a system of heated lakes in central Poland 225
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(station 7), and the littoral and sublittoral of Lake
Œlesiñski (stations 10 and 11).

Among the chironomid benthic fauna, there were
18 taxa (Table 3). The majority occurred sporadically
and only two species, Procladius sp. and Chironomus

plumosus L., occurred more frequently, and the latter
was also the dominating species. S. psamnophilus

also had a high domination index (40%), as it

occurred in summer in the littoral of lakes Licheñskie
(station 7) and Œlesiñskie (station 10).

Epibiontic fauna

The species richness of epibiontic fauna ranged from
three to 14 taxa (Fig. 2). No more than three taxa
were noted at the warmest stations (represented
mainly by oligochaetes), while the highest species
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richness of epibiontic fauna was noted in the cold

segment of the Warta-Gop³o Channel (station 15).

The depth of the zones inhabited by

macroinvertebrates, water temperatures, and oxygen

conditions all had a significant influence on the spe-

cies composition, abundance, and biomass of the

epibiontic fauna at the stations sampled and in the

periods studied (ANCOVA, P < 0.05). Species diver-

sity in the epibiontic species assembly grew with

increasing habitat depth, but decreased with increas-
ing water temperature.

The abundance of epibiontic fauna on S. woodiana

fluctuated from 10 indiv. in the Licheñskie Channel (sta-
tion 14) to 9852 indiv. 1000 g m.w.m.-1 in the water up-
take channel of the KPP (station 4, Fig. 5). The
dominating species was Dreissena polymorpha Pallas,
which comprised as much as 50% of the epibiontic
fauna inhabiting station 4. There were more
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Table 3
Frequency and domination of larval Chironomidae in the benthic (a), epibiontic (b), and phytophilous (c) fauna in the Konin lakes
system in 2000-2002

Taxa

Frequency Domination

a b c a b c

Procladius sp. 31 15 21 10 <1 9

Clinotanypus nervosus (Meigen) - 5 - - <1 -

Ablabesmyia monilis (L.) <1 10 - <1 <1 -

Cricotopus sp. 8 - 8 2 - 9

Isocladius silvestris (Fabricius) 2 - - <1 - -

Psectrocladius sp. 5 40 8 2 8 5

Chironomus plumosus (L.) 27 15 8 11 46 5

Cryptochironomus defectus (Kieffer) 21 35 17 9 8 5

C. pararostrachus (Harnisch) 11 45 8 3 6 9

Dicrotendipes tritomus (Kieffer) 2 20 4 2 2 5

Dicrotendipes sp. <1 - - <1 - -

Endochironomus tendens (Fabricius) 14 55 - 5 13 -

E. albipennis (Meigen) 11 25 33 4 8 32

Glyptotendipes gripekoveni (Kieffer) 3 15 - <1 3 -

Pollypedillum sp. 11 10 8 4 2 14

Microtendipes chloris (Meigen) 4 - 4 8 - 5

Strictochiron. psamnophilus Chernovskij 14 - - 37 - -

Tanytarsus sp. 4 10 - 1 1 -

Micropsectra praecox (Meigen) 2 - 8 <1 - 5
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Figure 6. Mean biomass of epibiontic fauna in the Konin lakes system in 2001-2002.



advantageous developmental conditions for epibiontic
fauna in the lotic zones of the system and in the water
uptake channel for the KPP. The highest epibiont densi-
ties were noted in these locations, while at the stations lo-
cated near the heated water discharge epibiont mortality
was accompanied by a distinct decrease in the abun-
dance of D. polymorpha. Higher epibiontic fauna bio-
mass was also confirmed in the most oxygenated
environments (8-10 mg dm-3), with the maximum value
(999 g 1000 g m.w.m.-1) noted in the cold uptake chan-
nel of the KPP (station 4, Fig. 6). The epibiont biomass
was extremely low in the immediate vicinity of the water
discharge zone of the KPP (station 3) and in the
Licheñskie Channel (station 14) at 0.05 and 1.25 g 1000
g m.w.m.-1, respectively. D. polymorpha was the decided

dominant in the lotic and lentic zones that were moder-
ately heated, while Trichoptera and Oligochaeta were the
dominants in the water discharge channel (station 3) and
in the cold segment of the Warta-Gop³o Channel (station
15). If Mollusca is excluded from the epibiontic fauna
weight structure, then the dominant group becomes the
Amphipoda.

The chironomid larval assemblage occurring on
S. woodiana was comprised of 13 species (Table 3). Most
of these occurred sporadically, with the exception of the
following four species: Psectrocladius sp.;
Cryptochironomus defectus (Kieffer); Cryptochironomus

pararostrachus (Harnisch); Endochironomus tendens

(Fabricius). Only Ch. plumosus was a dominating species.
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Epiphytic fauna

The greatest invertebrate species richness occurring

on M. spicatum and C. demersum was noted at sta-

tions 10 and 1, which were the littoral of Lake

Œlesiñskie (27 taxa) and the initial cooling basin (24

taxa, Fig. 2). Slightly fewer phytophilous species were

noted in the water inlet channel of the KPP (station 4)

and the cold segment of the Warta-Gop³o Channel

(station 15) at 16 and 18 taxa, respectively. Distinctly

fewer zoobenthos species settled on V. spiralis (from 5

to 9). Species from the genus Chironomidae occurred

most frequently on assemblages of M. spicatum and C.

demersum (12 stations), as well as on V. spiralis (5

stations). The highest taxonomic differentiation

among phytophilous fauna was confirmed at stations

with moderate water temperatures (< 20°C).

Species richness and abundance of phytophilous
fauna depends to a significant degree on the water
thermal regime (ANCOVA P < 0.01). The highest
phytophilous fauna abundance developing on V.

spiralis was confirmed at station 6 in the
Piotrkowickie Channel (3002 indiv. 100 g-1 w.v.),
and on assemblages of M. spicatum and C. demersum

in the cold segment of the Warta-Gop³o Channel
(station 15) and in the littoral zone of Lake Œlesiñskie
(station 10) at 4061 and 4065 indiv. 100 g-1 w.v., re-
spectively; Fig. 7). The highest density of
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phytophilous fauna developing on both V. spiralis

and M. spicatum and C. demersum was noted in the
littoral of Lake Licheñskie (station 7) at 117 and 90
indiv 100 g-1 w.v., respectively.

The biomass of phytophilous fauna differed sig-
nificantly among the sampling stations (ANCOVA,
P < 0.05). In assemblages of V. spiralis it ranged from
0.1 to 94 g 100 g-1 w.v. (at stations 7 and 6, respec-
tively; Fig. 8). While in assemblages of C. demersum

and M. spicatum, the lowest biomass of phytophilous
fauna 0.25 g 100 g-1 w.v. was noted at station 5,
while the highest at 57 g 100 g-1 w.v. was noted in the
littoral of Lake Œlesiñskie (station 10).

In terms of numbers, the phytophilous fauna was
dominated by Chironomidae, which developed in-
tensely especially in assemblages of V. spiralis, while
in terms of weight (and because of the high individ-
ual weight) Mollusca dominated. After excluding
Mollusca from the overall biomass, Chironomidae
dominated the phytophilous fauna in assemblages of
V. spiralis, while Amphipoda did so in assemblages
of M. spicatum and C. demersum. Endochironomus

albipennis (Meigen) contributed the greatest share of
chironomid larvae to the phytophilous fauna
zoocoenosis (Table 3).

Faunistic similarities

The taxanomic composition of the zoobenthos in
the initial cooling basin (station 1; in front of the
stone barrier) and the sublittoral zone of Lake
Œlesiñskie (station 11; Fig. 9a) was similar. Analo-
gous similarities were noted with regard to the warm
segment of the Warta-Gop³o Channel (station 5) and
the initial cooling basin (station 2; beyond the stone
barrier), as well as in the littoral and profundal zones
of Lake Licheñskie (stations 7 and 9) and the final
segment of the Licheñskie Channel (station 14).

The presence and habitat-creating role of
D. polymorpha settling on S. woodiana also had
a significant impact on the similarity of stations in-
habited by epibiontic fauna, despite the various envi-
ronmental conditions prevailing in these locations.
The quality of the epibiontic fauna of the

Licheñsko-P¹tnowski Channel (station 16) and the
water uptake channel for the KPP (station 4) was
similar (Fig. 9b). The fauna of the initial cooling basin
(station 1) and the warm segment of the Warta-Gop³o
Channel (station 5) were slightly less similar.

The phytophilous fauna was similar taxonomi-
cally at two stations – the Piotrkowickie Channel (
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station 6) and in the littoral zone of Lake Licheñskie
(station 7; Fig. 9c).

Discussion

In comparison with the results of studies from the
1960s (Leszczyñski 1976a, 1976b, 1976c), 1970s
(Biesiadka 1977a, 1977b, Kasprzak 1977a, 1977b,
Mielewczyk 1977a, 1977b, Sywula 1977, Berger and
Dziêczkowski 1977), and 1990s (Protasov et al.
1994, 1997) that describe the macrofauna of the
Konin lakes system, those of the current study from
the 2000-2002 period indicate that the macrofauna
is poorer both qualitatively and quantitatively. These
differences might not be as significant as they appear
and could stem from different methodological ap-
proaches. In the current study, the lotic components
of the system (which are usually poorer in fauna)
were studied in detail. However, areas omitted in-
cluded the densely overgrown shallow areas of lakes
Gos³awskie and P¹tnowskie, ecotone habitats, ponds
located near the lakes, and parts of the littoral that
are isolated by rushes and outside of the immediate
reach of system water currents.

In comparison to basins with natural thermal re-
gimes, the macrofauna of the Konin lakes in the
2000-2002 period exhibited much poorer species
richness. This observation was true of nearly all of
the taxonomic groups analyzed. The diversity of
Chironomidae at the selected stations in the
2000-2002 period was generally lower than that re-
ported by Leszczyñski (1976a) in the 1960s, and
lower than that observed in unheated basins (Ziêba
1996, Jab³oñska and Kosza³ka 2000). The number
of Gastropoda taxa was also lower in the Konin lakes
system than in basins with a natural thermal regime
(Dusoge et al. 1990, W³osik-Bieñczak 1997). More
snail species (34) were only noted by Berger and
Dziêczkowski (1977) only in the initial period of
heating. Protasov et al. (1994, 1997) reported that
the species diversity of Gastropoda was declining in
lakes P¹tnowskie and Gos³awskie and in Lake
W¹sosko-Mikorzyñskie in the mid 1990s.

Progressive declines in species richness have also
been reported among Bivalvia (Protasov et al. 1994,
1997). The main representative of this class in mod-
erately heated waters (< 28°C) was D. polymorpha,
while in the strongly heated zones (> 28°C) the domi-
nant was S. woodiana. Native Unionidae clam spe-
cies preferred the cooler parts of the system (Lake
Œlesiñskie, the northern part of Lake
W¹sosko-Mikorzyñskie, and the inlet channel for the
KPP). Impoverishment in species diversity was also
noted in the following taxonomic groups: Hirudinea,
Isopoda, and Hydrachnidia. In the 1960s, 13
Hirudinea species occurred, but in the 1970s this
had decreased to seven taxa (Kasprzak 1977b), and
then just three in the 2000-2001 period. The diver-
sity of Hydrachnidia was decidedly lower than that
noted in basins with a natural thermal regime (Zawa³
1992, Cichocka 1996); this was also confirmed in the
1970s by Biesiadka (1977a, 1977b).

The primary deciding factor in the qualitative
and quantitative changes in the zoobenthos of the
Konin lakes system was water temperature. In-
creases in it could have changed not only the overall
rate of primary production (Wigert and Fraleigh
1972), but it could also have accelerated the develop-
ment of organisms, or increased trophic reactions.
This, in turn, could have shortened the life cycle, in-
creased the number of generations occurring in one
season, and increased the amount of organic material
produced or accumulated on the bottom sediments
(Kraska 1988). Transformations in the quantitative
structure of the zoobenthos could have been a conse-
quence of morphological changes in the organisms,
and, thus, more frequent dwarfism and lower mean
individual biomass (Wellborn and Robinson 1996).
The benthic fauna of the zones that were heated most
intensely, which were also, as a rule, those with the
fastest currents, were the poorest. The only organ-
isms that occurred here were those associated with
the bottom, mainly Oligochaeta, which are more re-
sistant to high temperatures. The development of
macrofauna was more intense in the environments
that had better oxygenation (> 8 mg dm-3), thus, the
littoral and sublittoral areas of lakes and the cooler
segments of channels were where they developed. As
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the quantity of oxygen decreased in the near-bottom
waters, the abundance and diversity of the
macroinvertebrate fauna deceased. A similar trend
was observed in basins with natural thermal regimes
(Dusoge et al. 1990, Protasov et al. 1994). In addition
to water oxygen content and temperature, water flow
rate is another important factor influencing the qual-
ity and quantity structures of invertebrate fauna
(Grzybowska and Dukowska 2001). The highest
density of macrofauna was noted in the non-flowing
littoral and sublittoral zones of lakes Licheñskie and
Œlesiñskie.

The epibiontic fauna on S. woodiana was formed,
above all, by periphyton colonies of D. polymorpha. In
the zone where these two species dominated, the
growth of the zoobenthos was the highest. A conse-
quence of the increased temperature to above 28°C
was the mass mortality of D. polymorpha, as well as
drastic reductions of other components of the
epibiontic fauna. Phytophilous fauna, represented
mainly by Chironomidae, expanded more readily in
assemblages of C. demersum and M. spicatum than in
assemblages of V. spiralis. This might have been be-
cause of limited access to food (Kornijów 1989,
Pieczyñska 2002) and the morphology of the spiraled
leaves of V. spiralis (Dudley 1988).

The Konin lakes system offers greater possibilities
for the development of fauna, thanks to the occurrence
in it of various microhabitats and different
morphometric and morphological conditions, than do
strong flowing, regulated rivers and dam reservoirs
that serve as cooling systems for nuclear power plants
(Protasov and Sinicyna 1993, Wellborn and Robinson
1996). Such ecologically diversified ecosystems
should be protected from degradation caused by
anthropogenic pressure, as well as that which is
caused by the introduction of alien flora and fauna
species (Hillbricht-Ilkowska and Zdanowski 1988).

Conclusions

1. The invertebrate macrofauna of the lotic channel
network was generally poorer in both quality and

quantity than was the lentic zone of the lakes. The
fauna selection factors in the channels were tem-
perature and water flow. The occurrence of fauna
in the lentic environment of the lakes was deter-
mined by the thermal and oxygen conditions in the
layer above the sediments.

2. The development of zobenthos and zooperiophyton
fauna in the Konin lakes is supported by the in-
tensely developing populations of D. polymorpha

and S. woodiana.

3. Phytophilous fauna in assemblages of V. spiralis

was poorer than in indigenous assemblages of
M. spicatum and C. demersum.

4. The quality of benthic fauna in the system, simi-
larly to abundance and biomass, is seemingly de-
creasing. It is possible that benthic fauna could
develop more intensely in habitats that are iso-
lated from the main stream of flowing discharge
waters and ecotone zones.
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Streszczenie

Zmiany struktury zoobentosu w systemie podgrzanych jezior w centralnej Polsce

Przeprowadzono badania struktury jakoœciowej i iloœciowej
bezkrêgowców jezior i kana³ów systemu koniñskiego. Fauna
makrobezkrêgowa zasiedlaj¹ca kana³y by³y ubo¿sza pod
wzglêdem iloœciowym i jakoœciowym ni¿ fauna makrobezkrê-
gowa jezior. Czynnikami determinuj¹cymi taki stan by³y wa-
runki termiczne i tlenowe oraz przep³yw wody. Elementem

wzbogacaj¹cym rozwój zoobentosu i zooperyfitonu okaza³y siê
populacje zawleczonych do systemu ma³¿y Dreissena poly-

morpha Pallas i Sinanodonta woodiana (Lea) oraz zbiorowi-
ska Myriophyllum spicatum L. i Ceratophylum demersum L.
W porównaniu z okresem sprzed 30 lat nast¹pi³o zubo¿enie
jakoœciowe fauny dennej w systemie.
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