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Abstract. Long-term changes in phytoplankton biomass and
structure were studied in three heated lakes that were
included into a power plant cooling system in 1958 and 1970.
Since the mid 1990s, the share of Vallisneria spiralis L., which
is a thermophilic hydrophyte species that is alien to Poland,
has been increasing. The phytoplankton biomass fluctuated in
these basins in the 1992-2003 period from 0.2 to 49.3 mg
dm-3. Two phytoplankton assemblages were noted: one was
typical of the cold season and the other of the warm season.
The phytoplankton in the summer comprised cyanophytes,
chlorophytes, dinoflagellates, and cryptophytes. Diatoms
developed on a massive scale during cold periods. The results
obtained indicate that the contemporary phytoplankton
assemblages are shaped by the varied impact of water heating,
increased flow rates, the highly productive waters, and the
developing submerged hydrophyte phytocenosis along with
the abundant growth of the epiphyte assemblage.

Keywords: algae, environmental monitoring, long-term
succession, thermal pollution

Introduction

This system of natural lakes, which is connected by ca-
nals and receives heated-water discharge from two
power plants, is a unique subject for ecological studies.
The discharged water heats the lakes substantially,
contributes to the formation of specific spatial variation
in temperature, and increases water movement consid-
erably (Simm 1988, Zdanowski et al. 1988, Zdanowski
and Prusik 1994, Socha 1997b, Socha and Zdanowski
2001, Stawecki et al. 2008). A phenomenon unique to
the temperate zone that was observed in the heated
lakes was the lengthening of the vegetative season to
nearly the whole year, which caused substantial
changes in the faunistic ratios and phytoplankton
abundance (D¹mbska et al. 1976, Burchardt 1977,
Spodniewska 1984, Sosnowska 1987, Simm 1988,
Zdanowski 1994a, Socha 1994a, 1994b, Socha 1997a,
1997b, Socha and Zdanowski 2001). The most signifi-
cant changes were observed in the winter, when the
biomass of the varied phytoplankton species some-
times even with maximum development of
nanoplanktonic diatoms, was decidedly higher than in
lakes with ice cover.

According to Sosnowska (1987), adaptation to the
new environmental conditions happened within the
course of one year; however, Simm (1988) and Socha
and Zdanowski (2001) contend that the impact of the
rapid heating of the lake waters (to a maximum of
35�C) happened gradually during the first decade when
the cooling system was functioning. This manifested in
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the tendency for intense planktonic alga development,
short-term water blooms (maximum biomass to 210
mg dm-3), and the accelerated tempo of seasonal
changes in phytoplankton. Diatoms, which achieved
maximum biomass in the cooler periods, dominated
throughout the season (D¹mbska et al. 1976,
Burchardt 1977, Spodniewska 1984, Sosnowska
1987). By the late 1970s and early 1980s, the influence
of heating was counterbalanced by progressing nutrient
depletion in the heated lakes (Hillbricht-Ilkowska and
Simm 1988, Zdanowski et al. 1988, Zdanowski
1994b) and the intense water flow (Simm 1988,
Zdanowski et al. 1988). The composition of the sum-
mer phytoplankton became homogeneous while simul-
taneously becoming similar in character to that in
temperate zone eutrophic rivers. The biomass of plank-
tonic alga decreased, no water blooms were noted, and
there was no distinct dominant as the phytoplankton
comprised various systematic groups (Simm 1988). As
the eutrophic status of the lakes in the cooling system
increased during the 1987-1993 period, the biomass of
planktonic alga increased, long-term diatom biomass
maxima occurred in the spring season, and the
cyanophyte and chlorophyte alga biomass increased in
the summer seasons (Socha 1994a, 1994b, Socha
1997a, 1997b). Lower values of phytoplankton bio-
mass were noted again in the 1995-1999 period, most
notably in the intensively heated P¹tnowskie and
Licheñskie lakes (Socha and Zdanowski 2001).

Vallisneria spiralis L., a thermophilic hydrophyte
species with submerged leaves that is new to Polish
flora, was noted in the heated lakes system. It over-
took the phytolitoral zone in Lake Licheñskie, and
much of the same in Lake P¹tnowskie (Socha 1998,
Hutorowicz 2006); both of these lakes are heated
throughout the year. Single, small stands formed by
this plant were noted in Lake Œlesiñskie in 2002
(Hutorowicz et al. 2006).

Phytoplankton is regarded as a sensitive indicator
of changes occurring in aquatic ecosystems (Reynolds
1980, Burchardt et al. 1994). Detailed analysis of
changes in the abundance and frequency of particular
taxa that comprise assemblages confirms their signifi-
cance as indicators, especially with regard to changes
in the trophic status of lakes (Burchardt et al. 1994,

Hutorowicz and Napiórkowska-Krzebietke 2007).
Phytoplankton has also been confirmed to be a very
sensitive indicator of changes in the artificially heated
Konin lakes (D¹mbska et al. 1976, Burchardt 1977,
Spodniewska 1984, Sosnowska 1987, Simm 1988,
Socha 1994a, 1994b, Socha 1997a, 1997b, Socha
and Zdanowski 2001). The aim of the work was to
compare the seasonal dynamics in biomass and sea-
sonal changes in the phytoplankton structure in the
1992-1999 and 2000-2003 periods in three lakes
that were heated to varying degrees. Of these three
lakes, one exhibits distinct characteristics of
a monomictic basin (Lake Licheñskie), which is mix-
ing type that is typical of lakes in the sub-tropical zone,
and one only receives heated water inputs in summer
(Lake Œlesiñskie).

Materials and methods

Study area

The Konin lakes are located in an urban area and
comprise a group of five natural basins with varied
morphology (Table 1). Lakes Gos³awskie and
P¹tnowskie are large, shallow pond-like basins.
Lakes Licheñskie, W¹sowsko-Mikorzyñskie, and
Œlesiñskie are trough basins with well-developed
shorelines and different mean and maximum depths.
Three of these lakes (P¹tnowskie, W¹sowsko-
-Mikorzyñskie, Œlesiñskie) comprise the central seg-
ment of the Œlesiñskie Canal that connects the Warta
River with Lake Gop³o. Along with two other lakes,
Gos³awskie and Licheñskie, they comprise the cool-
ing circuit for the P¹tnów and Konin electric power
plants. The Konin lakes are subjected to various
anthropogenic pressures in addition to the electric
power plants, including opencast mining (they are lo-
cated in a depression pit and are recipients of
post-mining waters), fisheries (pond and cages fish
farming and commercial fisheries are conducted in
the vicinity), tourism in various forms (the Warta-
Gop³o Canal tourist route, vacation resorts in

240 Daniela Socha, Andrzej Hutorowicz



Mikorzyn and Œlesin, the Sanctuary of Our Lady of
Licheñ).

Two different circulation circuits are used to cool
the discharged heated waters from the power plants.
The short circulation circuit is used in the cool sea-
son, and it includes lakes Gos³awskie, P¹tnowskie,
Licheñskie and the southern part of Lake
W¹sowsko-Mikorzyñskie (Fig. 1). During the sum-
mer season, the long circulation circuit is put into op-
eration and includes Lake Œlesiñskie and the
northern part of Lake W¹sowsko-Mikorzyñskie. The
lakes, which are connected by uptake and discharge
canals (with a total combined length of 26 km), are
a closed cooling system from the point of view of
power plant exploitation. This method for cooling
power plant waters increased the mean annual sur-
face water temperature in Lake Licheñskie by about
5�C, and in Lake Œlesiñskie by about 3�C (Table 1;
Socha and Zdanowski 2001). Water retention times
were also shortened. The trophic status of the Konin
lakes has remained relatively stable. The total phos-
phorus concentration in the epilimnion of Lake
Licheñskie in the 1995-2000 period ranged from
0.041 to 0.123 mg PTot dm-3, and in the near-bottom
layer it did not exceed 0.4 mg PTot dm-3. In the sec-
ond half of the 1990s, decreasing concentrations of
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Table 1
Morphometric, hydrological, and thermal characteristics of the Konin lakes

Parameter L. Gos³awskie L. P¹tnowskie L. Licheñskie L. Mikorzyñskie L. Œlesiñskie

Area (ha) 454.5 282.6 147.6 251.8 152.3

Max. depth (m) 5.3 5.5 12.6 36.5 24.5

Mean depth (m) 3.0 2.6 4.5 11.5 7.6

Temperature in summer (oC)

1965-19691 20.4 24.7 27.4 21.2 20.8

1987-19921 22.3 22.8 26.0 24.5 22.8

1995-1999 - 24.5 - 23.2

2000-2003 - 25.7 24.62 23.3

Temperature in winnter (oC)

1995-1999 - - 7.5 - 4.3

2000-2003 - - 6.6 - 4.9

Water retention 1999-2000 (days) 4-5 4-5 4-5 5-16 5-26
1 accordind to Zdanowski and Prusik (1994)
2 data from 2003 exclusively
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Figure 1. Map of the cooling systems of the Konin (EK) and
P¹tnów (EP) power plants. 1 – supply canals, 2 – direction of wa-
ter flow, 3 – pumping stations (adapted from Hillbricht-Ilkowska
and Zdanowski 1988).



nitrogen were noted in the waters of the epilimnion.
In the 1995-1997 period, the mean nitrogen content
in this layer in Lake Licheñskie was 1.59 mg NTot

dm-3, while in the 1998-2000 period, it was 1.13 mg
NTot dm-3. The decreases in the mean concentrations
of nitrogen in the epilimnion of Lake Œlesiñskie were
analogous as they decreased from 1.30 mg NTot dm-3

in 1995-1997 to 1.13 mg NTot dm-3 in 1998-2000. In
summer, nitrogen concentrations at the lake bottoms
did not exceed 2.6 mg NTot dm-3 (Socha and
Zdanowski 2001).

Phytoplankton studies

Phytoplankton samples were collected in the
1998-2003 period in the pelagic zone, in the
epilimnion (in the 0-5 m layer) of lakes P¹tnowskie,
Licheñskie, and Œlesiñskie. The samples were taken
at times that are significant for the Konin system: in
January and March when only the short circulation
circuit is in operation; in May just after the long cir-
culation circuit goes; in July when the power plants
exploit both cooling circulation circuits (short and
long); in September after the long circulation circuit
is closed; and in November when only the short cir-
culation circuit is functional.

Additionally, in May, July, and September of
both 1998 and 1999, phytoplankton spatial differen-
tiation studies were conducted in Lake Licheñskie,
the most intensely heated of the basins (seven sam-
pling stations were designated along the main water
flow of the discharge waters) and at six stations in
Lake Œlesiñskie, the least heated basin.

The phytoplankton samples (volume of 1 dm-3)
were fixed immediately with Lugol’s solution, and af-
ter being transported to the laboratory, they were
concentrated through seston sedimentation to a vol-
ume of 2-5 cm3. Quantitative and qualitative analy-
ses of the phytoplankton were conducted in
a Fuchs-Rozenthal chamber under a microscope at
a magnification of 400x (Simm 1988). Fresh masses
of algae were counted by multiplying the number of
individual taxa by the volume of their chamber,
which was calculated by comparing the shape of the

algal cells to geometric figures (Pliñski et al. 1984,
Kawecka and Eloranta 1994). Randomly selected in-
dividuals of the dominant species from all the sam-
ples were measured. The nanoplankton fraction,

comprising small organisms up to 30 μm, was identi-
fied. The phytosociological constancy for each spe-
cies was (C) was determined in the samples collected
throughout the year, in cooler periods (spring and
fall) and summer using the Braun-Blanquet scale
(Paw³owski 1959).

Some of the results obtained were published pre-
viously in Socha and Zdanowski (2001). Data from
previous publications were used to describe
long-term changes in phytoplankton structure and
abundance (Sosnowska 1987, Spodniewska 1984,
Simm 1988, Socha 1994a, 1994b, 1997a, 1997b,
1998, Socha and Zdanowski 2001).

Results

Phytoplankton biomass

In the 1992-2003 period the phytoplankton biomass
in the Konin lakes changed within a very wide range
from 0.2 mg dm-3 to a maximum of 29.5 mg dm-3 in
Lake P¹tnowskie, 46.7 mg dm-3 in Lake Œlesiñskie,
and 49.3 mg dm-3 in Lake Licheñskie. From 1992 to
1994, the mean total phytoplankton biomass in lakes
Licheñskie, Œlesiñskie, and P¹tnowskie was about
twice as high as that in the 1989-1991 period (Table
2). Similarly, the maximum values also increased in
Lake Licheñskie by nearly 2.5 times, and in lakes
Œlesiñskie and P¹tnowskie by about 1.5 times. In the
1995-1999 period, a similar tendency was main-
tained. While the mean algal plankton biomass was
nearly twice as low in Lake Œlesiñskie (5.6 mg dm-3),
and 1.5 times as low in Lake P¹tnowskie (5.9 mg
dm-3), the maximum biomass in these three lakes
was higher than it had been in the 1992-1994 period
(Table 2). However, in the 2000-2003 period distinct
decreases in the mean and maximum phytoplankton
biomass were noted, as follows: in Lake Œlesiñskim
by 5.4 and 30.0 mg dm-3; in Lake P¹tnowskie to 4.9
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and 15.6 mg dm-3, respectively. The tendencies of

the changes in Lake Licheñskie were different. In the

1995-1999 period, the mean and maximum

phytoplankton biomass values decreased more than

twofold in comparison to the 1992-1994 period.

These values were also distinctly lower than those

from lakes P¹tnowskie and Œlesiñskie (Table 2). In

subsequent years (2000-2003), contrary to the other

two lakes, total and maximum biomass in Lake

Licheñskie increased by 5.0 and 24.8 mg dm-3, re-

spectively.

The dynamics of the annual cycle of
phytoplankton development also changed in the
1992-2003 period. Two biomass maxima with val-
ues exceeding 10 mg dm-3 were noted during the
vegetative seasons from 1992 to 1994. In the subse-
quent period of 1995-1999, similarly high maxima

(10 mg dm-3) were noted in lakes P¹tnowskie (Fig. 2)

and Licheñskie (Fig. 3) only in spring (March), and in

Lake Œlesiñskie in September (Fig. 4). Two high

phytoplankton biomass maxima (> 10 mg dm-3)

were again noted in Lake Licheñskie in the

2000-2003 period; the first was in the spring

(March) and the second in early summer (June).

A similar cycle of changes in plankton biomass was

also observed in lakes Œlesiñskie (summer peak < 10

mg dm-3, in June) and P¹tnowskie (summer peak <

10 mg dm-3, in July). Spring biomass maxima

formed at water temperatures within the range of

3.7-5.8�C in Lake Œlesiñskie and at the range of

6.0-12.3�C in lakes P¹tnowskie and Licheñskie.

During the cool period (November, January),

when the overall biomass of the phytoplankton in all

three lakes studied was about 1.0 mg dm-3,
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Table 2
Overall phytoplankton biomass (annual means and ranges in mg dm-3) in the Konin lakes in 1965-1984 (according to Sosnowska
1987, Spodniewska 1984, Simm 1988) and in 1987-2003 (according to Socha 1997a, 1997b, Socha and Zdanowski 2001, and
current data)

Period L. Gos³awskie L. P¹tnowskie L. Licheñskie L. Mikorzyñskie L. Œlesiñskie

1965-1970 43.2 14.3 4.04

1.2-210.2 0.5-76.7 0.1-14.0

1977-1980 6.4 5.9 4.0 3.6

3.9-10.2 2.4-12.0 0.9-11.7 0.6-7.2

1983-1984 1.31 1.51 1.81 1.21

0.4-2.8 0.6-1.9 0.8-3.0 0.6-4.0

3.0-11.02 4.0-10.02

1987-1988 2.0

0.1-15.3

1989-1991 3.1 4.5 4.8 5.7

0.2-14.8 0.4-18.7 0.4-17.9 0.2-24.0

1992-1994 7.6 9.4 10

0.6-24.7 0.4-49.3 0.6-35.1

1995-1999 4.73 5.9 4.2 5.6

0.6-13.2 0.3-29.5 0.3-18.6 0.2-46.7

2000-2003 4.9 5.0 5.35 5.4

0.2-15.6 0.3-24.8 0.6-17.2 0.2-30.0
1summer season exclusively
2spring season
31995-1996
4prior to connecting the lake to the cooling system
5data from 2003 exclusively
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Figure 2. Phytoplankton biomass in Lake P¹tnowskie in 1992-1994, 1995-1999 (according to Socha and Zdanowski 2001), and
2000-2003 (current data).
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2000-2003 (current data).

0

5

10

15

20

25

30

I III V VI VII X I III V VII IX XI I II III IV V VI VII IX X XI

1992-1994 1995-1999 2000-2003

B
io

m
as

s
(m

g
dm

)
-3

others

Chlorophyta

Dinophyta

Cyanoprokaryota

Cryptophyta

Bacillariophyceae

Figure 4. Phytoplankton biomass in Lake Œlesiñskie in 1992-1994, 1995-1999 (according to Socha Zdanowski 2001), and in 2000-2003
(current data).



Changes in the quantitative relations of the phytoplankton in heated lakes 245

T
ab

le
3

B
io

m
as

s
(m

ea
n

va
lu

es
an

d
ra

ng
es

)o
fs

pe
ci

es
(in

m
g

dm
-3

)o
cc

ur
ri

ng
w

ith
hi

gh
co

ns
ta

nc
y

(C
)t

hr
ou

gh
ou

tt
he

ye
ar

(Y
ea

r)
,i

n
co

ol
er

pe
ri

od
s

(S
pr

in
g/

A
ut

um
n)

,a
nd

in
su

m
m

er
(S

um
m

er
)i

n
la

ke
s

P¹
tn

ow
sk

ie
,L

ic
he

ñs
ki

e,
an

d
Œl

es
iñ

sk
ie

in
th

e
19

92
-2

00
3

pe
ri

od

19
92

-1
99

9
20

00
-2

00
3

L.
P¹

tn
ow

sk
ie

L.
Li

ch
eñ

sk
ie

L.
Œl

es
iñ

sk
ie

L.
P¹

tn
ow

sk
ie

L.
Li

ch
eñ

sk
ie

L.
Œl

es
iñ

sk
ie

Bi
om

as
s

C
Bi

om
as

s
C

Bi
om

as
s

C
Bi

om
as

s
C

Bi
om

as
s

C
Bi

om
as

s
C

Ye
ar

(n
=

48
)

(n
=

48
)

(n
=

44
)

(n
=

30
)

(n
=

29
)

(n
=

36
)

k
Cr

yp
to

m
on

as
er

os
a

54
7

(2
2-

36
15

)
V

83
2

(1
3-

27
40

)
V

95
7

(4
0-

67
20

)
V

10
29

(1
0-

60
12

)
V

13
92

(3
0-

70
00

)
V

11
93

(3
1-

59
66

)
V

k
Rh

od
om

on
as

m
in

ut
a

44
9

(7
7-

24
75

)
V

41
8

(9
6-

21
20

)
V

46
7

(2
0-

29
40

)
V

31
4

(6
0-

20
80

)
V

30
0

(1
2-

28
00

)
V

54
0

(1
0-

73
00

)
V

o
St

ep
ha

no
di

sc
us

ha
nt

zs
ch

ii
.

.
19

4
(1

1-
85

6)
V

13
40

(4
-1

36
23

)
V

96
5

(1
0-

58
50

)
V

30
6

(4
-1

65
0)

V
o

Au
la

co
se

ira
gr

an
ul

at
a

.
.

.
31

9
(1

5-
13

00
)

IV
37

9
(3

0-
16

65
)

III
24

03
(2

0-
96

00
)

IV
z

Sc
en

ed
es

m
us

qu
ad

ric
au

da
.

.
.

12
5

(4
-6

15
)

IV
11

3
(1

0-
60

0)
V

89
(1

-3
54

)
III

s
Ch

ro
oc

oc
cu

sm
in

or
.

.
.

.
48

(3
-3

00
)

III
35

(2
-2

00
)

III
z

Co
el

as
tru

m
m

ic
ro

po
ru

m
.

.
.

.
15

0
(2

0-
41

2)
III

99
(2

0-
40

0)
III

o
Cy

clo
te

lla
sp

.
.

.
11

8
(2

0-
22

0)
II

14
0

(1
2-

38
4)

II
96

(3
-2

34
)

III
54

8
(5

-2
54

4)
II

z
Sc

en
ed

es
m

us
sp

in
os

us
.

.
.

.
.

31
(8

-1
00

)
III

48
(6

-1
70

)
II

b
Pe

rid
in

iu
m

sp
p.

.
.

.
.

.
38

2
(1

0-
26

00
)

III
20

6
(5

6-
43

4)
I

z
Te

tra
str

um
sta

ur
og

en
ia

ef
or

m
e

.
.

.
.

.
29

(5
-1

50
)

III
22

(5
-1

00
)

I
z

Pl
an

kt
on

em
a

la
ut

er
bo

rn
ii

.
.

.
.

.
10

2
(8

-3
00

)
III

.
Sp

rin
g/

Au
tu

m
n

(n
=

27
)

(n
=

27
)

(n
=

23
)

(n
=

19
)

(n
=

18
)

(n
=

22
)

o
St

ep
ha

no
di

sc
us

ha
nt

zs
ch

ii
26

43
(1

0-
18

09
0)

V
11

88
(4

-1
28

10
)

V
.

.
.

.
o

St
ep

ha
no

di
sc

us
m

in
ut

ul
us

16
22

(3
0-

67
40

)
III

87
0

(2
0-

48
10

)
III

30
9

(1
5-

15
10

)
III

18
30

(4
0-

10
80

0)
II

18
65

(3
1-

18
28

0)
II

11
90

(1
8-

26
80

)
I

o
Na

vi
cu

la
tri

pu
nc

ta
ta

66
(1

0-
17

0)
III

89
(6

-2
40

)
II

35
(3

0-
40

)
I

22
0

(3
0-

60
0)

II
12

0
(1

00
-1

40
)

I
32

5
(5

0-
60

0)
I

o
Fr

ag
ila

ria
ul

na
40

5
(7

0-
11

24
)

II
26

4
(4

0-
92

0)
III

17
3

(3
4-

37
0)

22
4

(3
6-

50
0)

II
19

9
(1

8-
75

0)
II

.
o

Ni
tz

sc
hi

a
ku

tz
in

gi
an

a
74

(1
0-

32
5)

III
.

.
.

.
.

o
St

ep
ha

no
di

sc
us

ne
oa

str
ae

a
90

(9
0)

I
75

(7
5)

I
29

0
(2

5-
10

00
)

III
12

0
(4

0-
25

0)
I

.
15

70
(1

0-
15

00
0)

II
o

As
te

rio
ne

lla
fo

rm
os

a
.

38
(5

-1
20

)
II

48
(1

-1
66

)
III

34
(1

0-
70

)
II

35
(1

0-
13

2)
II

19
9

(7
-1

20
0)

II
Su

m
m

er
(n

=
21

)
(n

=
21

)
(n

=
21

)
(n

=
11

)
(n

=
11

)
(n

=
14

)
b

Ce
ra

tiu
m

hi
ru

nd
in

el
la

12
07

(5
00

-2
12

0)
V

14
0

(1
40

)
I

55
13

(1
30

-4
26

80
)

II
13

55
(5

00
-2

00
0)

I
23

0
(2

30
)

I
69

0
(1

00
-1

20
0)

I
z

Sc
en

ed
es

m
us

qu
ad

ric
au

da
34

(4
-1

90
)

IV
47

(4
-1

42
)

IV
26

(4
-1

27
)

IV
.

.
.

o
Au

la
co

se
ira

gr
an

ul
at

a
42

3
(2

4-
18

35
)

II
20

9
(1

0-
94

0)
III

14
09

(1
0-

11
84

0)
IV

.
.

.
b

Pe
rid

in
iu

m
sp

.
17

8
(2

0-
41

0)
III

49
8

(4
0-

24
70

)
III

14
7

(3
0-

35
0)

III
28

8
(2

0-
67

0)
II

.
.

s
Ch

ro
oc

oc
cu

sm
in

or
49

(6
-1

12
)

III
40

(5
-1

43
)

III
26

(2
-9

4)
III

91
(3

-3
30

)
II

.
.

z
Co

el
as

tru
m

m
ic

ro
po

ru
m

75
(5

-1
90

)
II

58
(1

9-
15

0)
III

42
(1

9-
13

1)
III

21
4

(4
0-

10
00

)
III

.
.

z
Te

tra
str

um
sta

ur
og

en
ia

ef
or

m
e

14
(3

0-
30

)
II

19
(3

-7
0)

III
16

5
(5

-3
3)

II
27

(9
-7

5)
II

.
.

z
Cr

uc
ig

en
ia

te
tra

pe
di

a
16

(1
-7

4)
III

16
(2

-5
0)

II
6

(1
-1

5)
II

31
(5

-5
0)

II
.

19
(4

-5
0)

I
z

Sc
en

ed
es

m
us

ec
or

ni
s

31
(4

-9
4)

II
21

(1
-5

0)
III

26
(3

-7
2)

II
41

(2
0-

66
)

I
.

10
(1

0)
I

z
Sc

en
ed

es
m

us
sp

in
os

us
22

(4
-4

3)
I

21
(6

-6
2)

III
11

(2
-3

0)
II

75
(6

-3
00

)
III

.
.

z
Sc

en
ed

es
m

us
in

te
rm

ed
iu

s
5

(2
-1

0)
II

17
(4

-8
1)

III
7

(2
-1

2)
I

9
(6

-1
2)

I
10

(1
0)

I
.

e
Eu

gl
en

a
sp

.
23

(2
0-

30
)

I
13

6
(5

-2
45

)
III

52
(1

2-
12

4)
I

14
2

(3
0-

20
0)

I
11

2
(2

0-
20

0)
II

40
(2

5-
56

)
I

z
Pe

di
as

tru
m

du
pl

ex
90

(5
0-

15
0)

I
54

(1
3-

10
0)

III
63

(1
4-

15
0)

II
13

0
(6

0-
26

0)
I

99
(3

0-
23

0)
I

17
0

(6
0-

45
0)

I
o

Ni
tz

sc
hi

a
pa

le
a

.
22

(3
-8

4)
III

.
.

.
.

o
–

di
at

om
s,

k
–

cr
yp

to
m

on
ad

s,
z

–
gr

ee
n

al
ga

e,
s

–
bl

u
e-

gr
ee

n
al

ga
e,

b
–

di
no

fl
ag

el
la

te
s,

e
–

eu
gl

en
op

hy
te

s



cryptophytes and diatoms dominated. The mean share
of cryptophytes in the phytoplankton biomass in the
1992-2003 period was 68% in Lake Licheñskie, 56%
in Lake Œlesiñskie, and 46% in Lake P¹tnowskie,
while the shares of diatoms were 26, 42, and 52%, re-
spectively. The spring peak in biomass in Lake
Licheñskie (11.0-27.0 mg dm-3) and Lake P¹tnowskie
(12.2-21.7 mg dm-3) was formed by diatoms (86 and
89% of the biomass, respectively) at a quite significant
share of cryptophytes (13 and 10%), while
cryptophytes (61%) comprised a greater share than
did diatoms (35%) in Lake Œlesiñskie (4.7-14.5 mg
dm-3). The significantly lower phytoplankton biomass
during its maximum development during spring in
lakes Licheñskie and Œlesiñskie in the 1995-1999 pe-
riod was due to the lower biomass (by 60-67%) of dia-
toms from the genus Stephanodiscus than had been
noted in previous years.

Phytoplankton structure

Quite distinct changes in the structure of the
phytoplankton were observed in May, after the col-
lapse of the spring biomass maximum (up to 3-6 mg
dm-3), when the long cooling circuit began running.
The water temperature reached 10.0-18.9�C in Lake
Œlesiñskie, and 21.3-29.1�C in Lake Licheñskie. Al-
though the greatest contribution to the phytoplankton
biomass remained diatoms (36-47%) and
cryptophytes (36-40%), the share of other systematic
groups was often greater than 10%. Generally,
chlorophytes attained the highest share in the general
biomass (in Lake Licheñskie – 15%, Lake P¹tnowskie
– 11%, Lake Œlesiñskie – 9%), dinoflagellates (6, 2,
and 4%, respectively), chlorophytes (4, 3, and 10%, re-
spectively), and chrysophytes (2, 1, and 2%, respec-
tively). However, the shares achieved by algae classes
in particular years were as high as follows: cyano-
phytes 31 %; chlorophytes – 34%; dinoflagellates –
17%; chrysophytes – 19%.

During the summer maximum of phytoplankton
development, the temperature ranges in the lakes
studied was as follows: Œlesiñskie – 20.0-26.2�C;
P¹tnowskie – 21.7-28.6�C; Licheñskie – 24.7-31.5�C.

The biomass in Lake Licheñskie (in 1992-1994 at
11.9 mg dm-3; in 1995-1999 at 6.4 mg dm-3; in
2000-2003 at 11.9 mg dm-3) comprised cryptophytes
(mean 34%), diatoms (20%), dinoflagellates (18%); cy-
anophytes (16%); chlorophytes (10%). In Lake
P¹tnowskie the biomass maxima (in 1992-1994 at
10.9 mg dm-3; in 1995-1999 at 5.3 mg dm-3; in
2000-2003 at 6.9 mg dm-3) comprised cyanophytes
(30%), ditaoms (22%), dinoflagellates (19%),
cryptophytes (17%), and chlorophytes (19%); how-
ever, the co-dominants in Lake Œlesiñskie (in
1992-1994 at 26.8 mg dm-3, in 1995-1999 at 9.6 mg
dm-3, in 2000-2003 at 7.5 mg dm-3) were diatoms
(51%, primarily Aulacoseira granulata (Ehr.)
Simonsen, cryptophytes (19%), and dinoflagellates
(15%). The share of cyanophytes and chlorophytes did
not exceed 10% (at 9 and 5%, respectively).

In September, when the water temperature re-
mained high (18.0-24.0�C in Lake Licheñskie and
15.0-21.0�C in lakes P¹tnowskie and Œlesiñskie) and
the overall biomass ranged from 2-5 mg dm-3, the
phytoplankton comprised the same alga groups as
those that occurred during the summer maximum,
but with a distinctly higher share of diatoms
(34-39%), and cryptophytes (16-32%) were also nu-
merous. In Lake Œlesiñskie dinoflagellates (36%)
were abundant, while in Lake P¹tnowskie cyano-
phytes (14%), dinoflagellates (12%), and
chlorophytes (11%) were abundant, but in Lake
Licheñskie it was chlorophytes (12%). In September
1998, after Lake Œlesiñskie had been disconnected
from the cooling circuit, the dinoflagellate Ceratium

hirundinella (O.F. Müll.) Dujard. developed inten-
sively and reached a biomass of 42.6 mg dm-3, which
was 91% of the total biomass.

Spatial variation

The spatial variation of phytoplankton abundance in
Lake Licheñskie, the most intensely heated basin,
and in Lake Œlesiñskie, the least heated basin, was
quite small in 1998 and 1999. In May the mean bio-
mass of algae in Lake Licheñskie comprised from
3.7-7.7 mg dm -3, and in Lake Œlesiñskie it was
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approximately 1.0 mg dm-3. Undoubtedly, the differ-
ent biomass of the phytoplankton in the two lakes re-
sulted from the different water temperatures in these
basins during the winter-spring periods. In summer
(July) in Lake Licheñskie the mean biomass of algae
ranged from 5.4 to 6.1 mg dm-3, and in Œlesiñskie
from 5.6 to 8.0 mg dm-3. Exceptionally high variation
in phytoplankton biomass was observed among the
various stations in July 1999 in Lake Œlesiñskie. In
the northern deep part of the basin, where the water
exchange is not intensive, the biomass of the
cryptophyte Cryptomonas erosa Ehr. was 27.5 mg
dm-3. At the same time in the central part of the basin
where the water is mixed from the surface to the bot-
tom, the algal biomass was again significantly lower
(1.4-3.9 mg dm-3). Similar phytoplankton biomass
differentiation in Lake Œlesiñskie was confirmed in
September 1998. The greatest biomass of algal
plankton was confirmed in the southern deep part of
the basin (46.7 mg dm-3), but the abundance was
much lower in the central and northern parts of the
lake (6.9-18.9 mg dm-3). At this time, blooms com-
prised the dinoflagellate C. hirundinella. However, in
Lake Licheñskie the mean algal biomass in Septem-
ber ranged from 1.8 to 2.4 mg dm-3. In 1999, abun-
dant euglenids from the genus Euglena appeared in
this basin and reached a biomass of about 1.0 mg
dm-3.

Among the species identified in lakes
P¹tnowskie, Licheñskie, and Œlesiñskie, one group of
taxa occurs throughout the year (Table 3). In the
1992-1999 period, C. erosa and Rhodomonas

minuta Skuja were noted at a high frequency and
biomass (to 2-6 mg dm-3); additionally,
Stephanodiscus hantzschii Grun. was noted in Lake
Œlesiñskim. In the 2000-2003 period, the number of
taxa that were noted frequently in the samples col-
lected throughout the year was decidedly larger. In
addition to the cryptophytes (C. erosa and R. minuta)
that occurred at the fifth degree of permanence and
at a high biomass (up to 7 mg dm-3), the diatoms S.

hantzschii (up to 13.6 mg dm-3 in Lake P¹tnowskie)
and A. granulata (4th degree; 9.6 mg dm-3 in Lake
Œlesiñskie) were noted, as were diatoms and
chlorophytes Scenedesmus quadricauda (Turp.)

Bréb. (3rd and 4th degree). In lakes Licheñskie and
Œlesiñskie the chlorophyte Coelastrum microporum

Näg. in A. Br. and the cyanophyte Chroococcus minor

(Kütz.) Näg. were noted often (3rd degree), while in
Lake Licheñskie there were an additional five taxa:
chlorophytes – Scenedesmus spinosus Chod.,
Tetrastrum staurogeniaeforme (Schröd.) Lemm.,
Planktonema lauterbornii Schmidle, and
dinoflagellates of the genus Peridinium.

In the 1992-1999 period, the diatom
Stephanodiscus minutulus (Kütz.) Cl. occurred only
in spring and fall in all the lakes at fairly high perma-
nence (3rd degree) and biomass, while in Lakes
P¹tnowskie and Licheñskie S. hantzschii was noted
at the fifth degree of permanence. This species was
noted systematically throughout the year in Lake
Œlesiñskie, and in 2000-2003 it was noted in all the
lakes. In the 1992-1999 period, the diatom Nitzschia

kutzingiana Hilse was noted often (3rd degree) in
Lake P¹tnowskie, and Fragilaria ulna (Nitzsch)
Lange-Bertalot was noted in Lake Licheñskie, and

Stephanodiscus neoastraea H�kansson & Hickel and
Asterionella formosa Hass. in Lake Œlesiñskim. In the
2000-2003 period, these species occurred much less
frequently (at the most at the 2nd degree).

The list of taxa noted at high permanence during
the warm season in the 1992-2003 period in all the
lakes comprises just three species: S. quadricauda

(4th degree); Chroococcus minor (3rd degree);
Peridinium sp. (3rd degree). Additionally, individu-
als of C. hirundinella (5th degree) and Crucigenia

tetrapedia (Kirchn.) (3rd degree) were noted fre-
quently. Frequent species in the other lakes included
C. microporum in lakes Licheñskie and Œlesiñskie,
and T. staurogeniaeforme, Scenedesmus ecornis

(Ehr.) Chod., S. spinosus, and S. intermedius Chod. as
well as Pediastrum duplex Meyen, Nitzschia palea

(Kütz.) W. Smith and Euglena sp. only in Lake
Licheñskie. In the 2000-2003 period the species that
occurred only in Lake P¹tnowskie at fairly high per-
manence were C. microporum Näg. in A. Br. and
S. spinosus. However, as many as seven species were
noted throughout the year in at least one of the lakes
studied (Table 3).
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Correlation analysis between the biomass of par-
ticular systematic groups comprising the
phytoplankton in the studied lakes indicated that
there was a significant relationship between the
intensity of the development between cyanophytes
and chlorophytes (r = 0.68-0.85; P < 0,05). Various
taxa from these systematic groups form the
phytoplankton assemblages that are typical of the
summer season and which develop in warm, produc-
tive waters, and move through the system of lakes
when the long cooling circulation circuit is in opera-
tion. The assemblages in Lake Licheñskie were
enriched further by taxa of dinoflagellates, crypto-
phytes, and euglenids, which formed significant and
strict correlative relationships among each other. In
addition to cyanophytes and chlorophytes, diatoms
(A. granulata, S. hantzschii) were also typical.

Discussion

According to Reynolds (1980), the cyclical develop-
ment of phytoplankton assemblages in lakes is con-
trolled by just two environmental factors that are
mutually influential, namely the availability of nutri-
ents and water stability. Because in a given ecosys-
tem of a particular trophic status in which the
intensification of ecological factors (biocenotic de-
pendencies, intensification of the influence of
physico-chemical factors) is usually relatively stable,
the dynamics of changes in phytoplankton structure
are typical (Burchardt et al. 1994). According to
Reynolds (1980), the most typical seasonal succes-
sion of phytoplankton in eutrophic lakes runs from
diatoms to Volvocales and Nostocales then to
dinoflagellates or cyanophytes from the genus
Microcystis; however, in mesotrophic lakes succes-
sion runs from diatoms through
chrysophyte/Sphaerocystis to dinoflagellates. In-
creased water movement in lakes causes, among
other things, reduced water column stability, which
disturbs succession (Reynolds 1980). Long-term
phytoplankton studies conducted in lakes impacted
by discharges of heated waters indicate that these
two factors were decisive in determining the seasonal
succession of phytoplankton in these basins.

During the first decade in which the cooling sys-
tem was in operation (late 1960s and early 1970s),
the most significant factor was increased water tem-
perature (Sosnowska 1987). The impact of the ther-
mal shock was expressed in the accelerated
development of algae, the extension of the vegetative
season, and the occurrence at separate locations of
short-term algal biomass peaks often comprising
a single species. Although diatoms dominated
throughout the entire vegetative season and achieved
maximum biomass during the cold periods, a large
number of green alga species occurred in the
phytoplankton (D¹mbska et al. 1976, Burchardt
1977, Sosnowska 1987).

Relative balance was noted in the phytoplankton
assemblages during the second decade in which the
cooling system was operational. This was possible
thanks to the regular working cycle of the cooling sys-
tem and the relatively limited influence from other
anthropogenic factors. This manifested in the fairly
distinctly drawn tendency for the overall
phytoplankton biomass to decrease in subsequent
years (Table 2), which, according to Spodniewska
(1984) and Simm (1988), was related to the high wa-
ter flow rates in the basins. The low biomass of sum-
mer phytoplankton was also due to the low
bioavailability of phosphorus sorbed on mineral mol-
ecules in an alkalized environment (Zdanowski et al.
1988).

In the late 1980s, in addition to the impact of
heated water discharge and opencast mining, the
lakes were also impacted by fish farming in the dis-
charge canals of the power plants, tourism, and rec-
reation (Socha and Zdanowski 2001). This increased
the trophic status of the lakes. Several phenomena
were noted, namely, decreasing oxygen in the
hypolimnion in the deeper lakes, the accumulation of
mud and consequently decreasing depth of the artifi-
cial basins in the cooling system, increasing salinity
of the waters, and worsening of the sanitary state of
the waters (Œwi¹tecki 1994, Zdanowski 1994a). The
overall biomass of the phytoplankton increased (Ta-
ble 2), but the share of nanoplankton decreased, and
most importantly the type of seasonal succession
changed. In summer the assemblages formed were
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characteristic of very productive waters with the
domination of cyanophytes, dinoflagellates, and
cryptophytes. The early spring blooms of diatoms of
the genus Stephanodiscus also lasted longer (Socha
1994b, Socha 1997a).

Previous research by Socha (1997a) permitted
identifying two types of phytoplankton seasonal suc-
cession: the first is typical of lakes that are part of the
cooling system circulation circuit throughout the
year (lakes P¹tnowskie and Licheñskie); the second
is typical of lakes that are periodically part of the
cooling system (Lake Œlesiñskie). Only two
phytoplankton assemblages form in the strongly
mixed lakes that are heated throughout the year and
have no permanent ice cover in winter. In the warm
season, the assemblage comprised abundantly oc-
curring species of cyanophytes, chlorophytes, dia-
toms, dinoflagellates, and chrysophytes, while the
only component of the phytoplankton during the cold
period was diatoms. Variations in these patterns
stemmed mainly from changes in the strength and di-
rection of water flow in the basins. Diatoms domi-
nated throughout the vegetative season in Lake
Œlesiñskie, which is only periodically connected to
the power plant cooling system. However, two vari-
ants were noted in the phytoplankton assemblages:
the first had a greater share of chlorophytes, cyano-
phytes, and dinoflagellates (summer period), and the
second had a larger share of cryptophytes (cool pe-
riod). The relatively stable dynamics of seasonal
changes in the phytoplankton structure in Lake
Œlesiñskie indicated that, despite everything, the im-
pact of the heated waters that reached this lake only
in the summer period was fairly limited.

Despite the high productivity of the lake and ele-
vated water temperature, a distinct decrease in algal
plankton biomass was noted in the second half of the
1990s. According to Socha and Zdanowski (2001),
this could have been the result of the development of
subtropical V. spiralis, which is a new species among
Polish flora. This plant formed dense, single-species
stands along the shores of the most intensely heated
lakes, including Lake Licheñskie (G¹bka 2002,
Hutorowicz 2006), and supplanted the submerged
hydrophytes that had grown there previously. The

leaves of Vallisneria turned out to be an excellent
substrate for the development of abundant epiphyte
algae (Luœciñska et. al. 2005). Likely this plant was
well-suited to the phytolittoral zone and it became an
excellent competitor with phytoplankton. This con-
clusion is also confirmed by the greatest decrease in
the overall biomass of plankton algae in Lake
Licheñskie, a basin in which V. spiralis almost totally
supplanted other species of submerged hydrophytes
(Table 2).

The lengthening of the period of species occur-
rence is important information regarding the changes
occurring in the functioning of the aquatic ecosys-
tems of heated lakes, and this indicated in the
1992-1999 period that they preferred waters that
were heated to a greater degree (Table 2). These in-
cluded the cyanophyte Ch. minor, the chlorophytes
C. microporum, S. quadricauda, S. spinosus, and
T. staurogeniaeforme, the diatom A. granulata, and
the dinoflagellate from the genus Peridinium. The
changes in the phytoplankton structure that were
noted during the cold period concurred temporally
with the appearance of the Vallisneria spiralis in the
littoral of Lake Œlesiñskie (Hutorowicz et al. 2006).
Since the operation of the cooling system did not
change substantially during this period, this can be
attributed to global climate change, and most of all to
the lack of long winters with sub-freezing tempera-
tures. This is confirmed by the mean water tempera-
ture which was higher by 0.6�C during the
January-March period in 2000-2003 than it was in
1995-1999 (Table 1). Many authors maintain that
the effect of increased water temperature is most pro-
nounced during cooler periods, mainly in winter
(Vinogradskaja 1971, Noton 1975), and determines
the distribution of, among other things, the vegeta-
tion in a certain area (Kornaœ and Medwecka-Kornaœ
2002).

The systematic phycological studies presented in
the current paper permitted identifying three abiotic
factors that shape the phytoplankton of the Konin
lakes. Increased water temperature, especially dur-
ing the winter period, and the productivity of the
lakes stimulate the growth of algae and the develop-
ment of large assemblages of diatoms in early spring.
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However, the fast water flow rates in the lakes are the
primary limiting factor for the development of abun-
dant algae (including the problematic cyanophytes)
in the summer season. The studies suggest the devel-
opment of submerged macrophytes (Vallisneria

spiralis) and the accompanying abundant epiphyte
algae (which compete with phytoplankton) that have
been noted in recent years are important to the func-
tioning of the heated lakes ecosystems.

References

Burchardt L. 1977 – Changes in the phytoplankton composi-
tion of Laker P¹tnowskie – a receiving basin for heated
waters and sugar processing wastewater – UAM Poznañ,
Ser. Biol. 8: 1-117 (in Polish).

Burchardt L., £astowski K., Szmajda P. 1994 – Ecological
diversity and bioindication – In: Theory and practice of
ecological studies (Ed.) L. Burchardt, Idee Ekol. 4, Ser.
Szkice 3: 27-43 (in Polish).

D¹mbska I., Burchardt L., Surdyk M. 1976 – Phytoplankton
blooms in lakes connected to the cooling system of the
Konin power plants – In: Hydrobotanical studies of the
heated lakes near Konin, UAM Poznañ, Ser. Biol. 6:
51-58 (in Polish).

G¹bka M. 2002 – Vallisneria spiralis (Hydrocharitaceae)
a new species among Polish flora – Fragm. Flor. Geobot.
Polonica 9: 67-73 (in Polish).

Hillbricht-Ilkowska A., Simm A.T. 1988 – Spatial pattern of
temperature, oxygen and nutrient concentration in two
lakes of different heated-water discharge systems – Ekol.
pol. 36: 165-182.

Hillbricht-Ilkowska A., Zdanowski B. 1988 – Main changes in
the Konin lake system (Poland) under the effect of
heated-water discharge pollution and fishery – Ekol. pol.
36: 23-45.

Hutorowicz A. 2006 – Vallisneria spiralis (Hydrochatritaceae)
in Lakes in the Vicinity of Konin (Kujawskie Lakeland) –
Biodivers. Res. Conserv. 1-2: 154-158.

Hutorowicz A., Dziedzic J., Kapusta A. 2006 – New stands of
Vallisneria spiralis (Hydrocharitaceae) in the Konin lakes
(Kujawskie Lakeland) – Fragm. Flor. Geobot. Polonica
13: 89-94 (in Polish).

Hutorowicz A., Napiórkowska-Krzebietke A. 2007 – Changes
in phytoplankton assemblages after the reduction of sew-
age discharge into Lake Niegocin (Mazurian Lake Dis-
trict, Poland) – Oceanol. Hydrobiol. Stud. 36 (Supl. 1):
137-145.

Kawecka B., Eloranta P.V. 1994 – An outline of the ecology of
freshwater and terrestrial alge – PWN, Warszawa, 252 p.
(in Polish).

Kornaœ J., Medwecka-Kornaœ A. 2002 – Geography of Vege-
tation – PWN, Warszawa, 634 p. (in Polish).

Luœciñska M., Hutorowicz A., Hutorowicz J. 2005 – Plant
periphyton in heated lakes of the koniñskie district – In:
Proc. XXIV International Symposium of the Phycological
Section of the Polish Botanical Society, Krynica Morska,
19-22 May 2005.

Noton L.R. 1975 – The effect of thermal effluent on
phytoplankton productivity in Lake Wabamun, Alberta –
Verh. Int. Ver. Limnol. 19: 542-551.

Paw³owski B. 1959 – Composition and structure of plant
assemblages and methods for their study – In: The Vege-
tation of Poland (Ed.) W. Szafer, PWN Warszawa:
229-263 (in Polish).

Pliñski M., Piciñska J., Targoñski L. 1984 – Methods for ana-
lyzing marine phytoplankton using counters – Zesz.
Nauk Wydz. BiNoZ UG, Oceanografia, 10: 129-155 (in
Polish).

Reynolds C.S. 1980 – Phytoplankton assemblages and their
periodicity in stratifying lake systems – Holarct. Ecol. 3:
141-159.

Simm A.T. 1988 – Changes in the composition and quantita-
tive relations of the phytoplankton in heated lakes near
Konin (Poland) – Ekol. pol. 36: 97-113.

Socha D. 1994a – Quantitative and qualitative changes of the
phytoplankton in heated Konin lakes – Arch. Pol. Fish. 2:
219-234.

Socha D. 1994b – Changes in the phytoplankton of the heated
Konin lakes (1987-1990) – Idee Ekol., Ser. Zeszyty 2, 88
p. (in Polish).

Socha D. 1997a – Spatial and seasonal phytoplankton diver-
sity in Licheñskie and Œlesiñskie lakes, Koniñskie Dis-
trict, in 1991-1993 – Arch. Pol. Fish. 5: 117-136.

Socha D. 1997b – Qualitative changes in the water and
trophic status of the heated Konin lakes – Biblioteka
Monitoringu Œrodowiska, Konin, 72 p. (in Polish).

Socha D. 1998 – Phytoplankton assemblages of the Konin
lakes – In: The Konin Lakes – current state and recom-
mendations for protection (Ed.) B. Zdanowski, Biblioteka
Monitoringu Œrodowiska, Konin (in Polish).

Socha D., Zdanowski B. 2001 – Aquatic ecosystems in the
vicinity of Konin – Biblioteka Monitoringu Œrodowiska,
Poznañ, 75 p. (in Polish).

Sosnowska J. 1987 – The impact of heated water discharge on
the phytoplankton of some lakes in the vicinity of Konin –
Rocz. Nauk Roln. Ser. H-101: 1-130 (in Polish).

Spodniewska I. 1984 – Biomass and structure of
phytoplankton in Konin lakes in the years 1976-1980 –
Ekol. pol. 32: 289-305.

Stawecki K., Pyka J.P., Zdanowski B. 2008 – The thermal and
oxygen relationship and water dynamics of the surface

250 Daniela Socha, Andrzej Hutorowicz



water laser in the Konin heated lakes ecosystem – Arch.
Pol. Fish. 15: 247-258.

Œwi¹tecki A. 1994 – Sanitary and bacteriological status of
heated Konin lakes – Arch. Pol. Fish. 2: 207-218.

Vinogradskaja R.A. 1971 – Vlijanie podogreva na razvitie
fitoplanktona vodochranilišèa – ovhladitielja
Kurachovskoj GRES. Akad. Nauk USSR, Inst. Gidrobiol.,
Gidrochimija i gidrobiolgija vodoemov – ochladitelej
teplovych elektrostancija SSSR, Naukova Dumka, Kiev:
136-154.

Zdanowski B. 1994a – Characteristic of heated Konin lakes,
pollution sources, main results and conclusions – Arch.
Pol. Fish. 2: 139-160.

Zdanowski B. 1994b – Long-term changes of phosphorus and
nitrogen content and of trophic status in heated Konin
lakes – Arch. Pol. Fish. 2: 178-192.

Zdanowski B., Prusik B. 1994 – Temperature-oxygen rela-
tions and chemical composition of water in heated Konin
lakes – Arch. Pol. Fish. 2: 161-178.

Zdanowski B., Korycka A., Dêbicka A. 1988 – Long-term vari-
ation in habitat and trophic factors in the Konin lakes
(Poland) under the influence of heated-water discharge
and pollution – Ekol. pol. 36: 47-77.

Streszczenie

Zmiany struktury fitoplanktonu w podgrzewanych jeziorach

Celem badañ by³o zbadanie d³ugookresowych (1992-2003)
sezonowych zmian biomasy i struktury fitoplanktonu w trzech
ogrzewanych jeziorach, które w 1958 i 1970 roku zosta³y
w³¹czone do systemu ch³odzenia elektrowni cieplnych, w któ-
rych od po³owy lat dziewiêædziesi¹tych XX wieku roœnie Valli-

sneria spiralis L. – obcy we florze Polski ciep³olubny gatunek
hydrofitu. W latach 1992-1994 ogólna biomasa fitoplanktonu
by³a stosunkowo du¿a i wynosi³a œrednio od 7,6 mg dm-3

w Jeziorze P¹tnowskim do 9,4-10,0 mg dm-3 w jeziorach Li-
cheñskim i Œlesiñskim (tab. 2). W nastêpnym piêcioleciu
(1995-1999) obserwowano oko³o dwukrotnie mniejsz¹ œred-
ni¹ (tab. 2) i maksymaln¹ biomasê planktonu roœlinnego
w okresie lata w J. P¹tnowskim (rys. 2), w J. Licheñskim (rys.
3) i w J. Œlesiñskim (rys. 4). Taka tendencja zmian utrzymy-
wa³a siê w J. Œlesiñskim do 2003 roku. Nieco s³abiej rysowa³a
siê ona w J. P¹tnowskim. W latach 2000-2003 w podgrza-
nych jeziorach mo¿na by³o wyodrêbniaæ dwa zbiorowiska fito-
planktonu. Pierwsze, charakterystyczne dla lata, o biomasie

10,0 mg dm-3 budowa³y sinice, zielenice, bruzdnice i kryptofi-

ty. W okresach ch³odnych masowo rozwija³y siê okrzemki

z rodzaju Stephanodiscus, osi¹gaj¹c biomasê nawet 27,0 mg

dm-3. W latach 2000-2003 wyraŸnie wyd³u¿y³ siê okres wy-

stêpowania kilku gatunków, które w latach 1992-1999 noto-

wano wy³¹cznie latem. By³y to sinica Chroococcus minor,

zielenice: Coelastrum microporum, Scenedesmus quadricau-

da, S. spinosus i Tetrastrum staurogeniaeforme, okrzemka

Alaucoseria granulata i bruzdnice z rodzaju Peridinium (tab.

3). Opisywane zmiany struktury fitoplanktonu w okresach

ch³odnych zbieg³y siê w czasie z pojawieniem siê Vallisneria

spiralis w litoralu tego zbiornika. Przeprowadzone badania

potwierdzi³y decyduj¹cy wp³yw na strukturê i obfitoœæ fito-

planktonu trzech czynników abiotycznych. Rozwój okrzemek

wczesn¹ wiosn¹ stymuluje temperatura wody i ¿yznoœæ jezior.

Du¿y przep³yw wody ogranicza rozwój glonów (w tym uci¹¿li-

wych sinic) w sezonie letnim.
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