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Lakes Gostawskie and Slesifskie are two out of five Konin
lakes which receive a discharge of heated effluents from *Pgt-
néw” and *Konin® power plants. In these two lakes bream fema-
les are characterized by single portion spawning. 25% of the
females tend to batch spawning. Lake Gostawskie is warmer
than Lake Slesifskie: in about 46% of bream females from this
lake percentage of maturing oocytes in the ovaries was higher
than in Lake Slesifiskie (and than in natural conditions),
20-38.8%. Increased temperature in Lake $lesifiskie caused
intensive development of eggs in the ovaries of young females,
3-7 years old, so that they passed from the class of modertly
growing to the class of rapidly growing. In Lake Gostawskie
maturation of eggs in the ovaries of 4—6 year old females became
even more intensive, so that they passed from the class of slowly
growing to the class of more than moderately or rapidly growing
ones.

INTRODUCTION

Thermal pollution of lakes results in many changes in the natural conditions
(Hillbricht-Ilkowska and Zdanowski 1988 a, b and others). As regards fish repro-
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Fig. 1. Schema of the cooling system of ”Konin” (EK) and ”Patnéw” (EP) power plants (according to Hill-
bricht—=Ilkowska, Zdanowski 1988 a)
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duction in such water bodies, processes related to maturation of the egg cells in the
ovaries become intensified, and the same is true of the resorption of these cells. It
was found that:

— sexual maturity was attained earlier,

— oocyte vitellogenesis became shorter and the fish spawned earlier (Kokurewicz
1979, Lukshene 1983, Dtugosz 1986, Wilkonska 1988 a),

- spawning period prolonged (WilkoAska and Zuromska 1977 a, Kokurewicz 1979,
Diugosz 1986),

— post—spawning stage of the ovaries and oocyte vacuolization phase were longer
(Lukshene 1983, Dtugosz 1986),

- in the case of batch spawning the time interval between consecutive egg batches
became shorter (Lukshene 1983),

— in the case of single portion spawning the oocyte development in the ovaries
was asynchronic (Statova 1973, Efimova 1977, Lukshene 1983, Diugosz 1986),

— some fish did not spawn or laid only part of mature oocytes, so that resorption
of mature oocytes took place in the ovaries (Lukshene 1983, Diugosz 1986).

Konin lakes have been included into the cooling system of ”Konin” and *Pgtnéw”
power plants succesively since 1958 (Zdanowski and Korycka 1976). Untill 1969
heated effluents from the first power plant ”Konin” were discharged via a system of
canals to Lake Lichenskie and south part of Lake Mikorzynskie. Lake Pgtnowskie
received heated waters from Lake Mikorzynskie becaus the two lakes are inter-
connected (Fig. 1). Ichthyobiological studies were carried out at that time. They
delt with fish growth (Ciepielewski 1977, Marciak 1977, Wilkoaska 1977, Zurom-
ska 1977), changes in species composition of the fry (WilkoAska and Zuromska
1977 b), fry growth (Wilkoaska and Zuromska 1977 c), fish reproduction (Wilkofska
and Zuromska 1977 a). At the turn of 1969 and 1970 power plant ”Patndéw” began
to operate and Lake Slesiaskie was connected by means of a canal with Lake Li-
chenskie. This way all Konin lakes were included into the cooling system (Fig. 1).
After 1970 studies were made on the morphology and biology of chub (Jakubowski
etal. 1979), roach growth (Chmielewski 1985), annual cycle of gonads in roach, perch,
and pike-perch (Diugosz 1983 a, b, c), meristic parameters in roach and perch
Szczyglifiska 1980), fry communities (Wilkofiska 1989), changes in fry species compo-
sition (WilkoAska and Zuromska 1983 a), fry growth (WilkoAska and Zuromska
1983 b), fish responces to environment heating (Wilkofiska 1988 a) and the effect of
introducing phytophagous fish on the reproduction of local species in heated Lake
Gostawskie (Wilkoniska 1988 b).

This paper presents fecundity and proportion of oocytes in the ovaries of bream
females from lakes Gostawskie and Slesifiskie. The aim of the study was to determine
whether long—term heating induced changes in the functioning of bream ovaries
with respect to the numbers of maturing eggs and the oocytes of protoplasmatic
growth.



36 Wiestawa Kopiejewska, Matgorzata Jankun, Ilona Mrowifiska

MATERIAL, METHOD, ENVIRONMENT

Material consisted of 38 bream females collected on 12 Feb. 1986 from Lake
Gostawskie and 73 females collected on 3 March 1986 from Lake Slesifiskie. Bream
females from Lake Gostawskie were of body length (l.c.) 28.5-46.0 cm, and weight
640-2110 g, aged 4-7 years. Sample collected in Lake Slesifskie was more differen-
tiated: fish body length ranged from 21.0 to 48.0 cm (l.c.), weight from 200 to 2290 g.
These fish were aged 3-12 years.

Fecundity was determined with weight method for all 111 females. In addition
to this 15 females from Lake Gostawskie and 15 from Lake Slesifskie were used to
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Fig. 2. Mean seasonal surface water temperature in lakes: Gostawskie (G), Slesifskie (§I) in 1965—1969 and
1970~1983 (according to Hillbricht—Ilkowska, Zdanowski 1988 &), Sniardwy (Sn) in 19751983 (according
to IM and CW)
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take scraps of the ovaries in order to determine percentages of oocytes in the ovaries.
Percentages of the oocytes of proto- and trophoplasmatic growth in the ovaries were
determined counting the oocytes in the scraps. Sum of proto- and trophoplasmatic
oocytes was taken as 100%

Lakes: Gostawskie and Slesifiskie, two of five thermally polluted Konin lakes but
to a different extent (Zdanowski and Korycka 1976, Hillbricht-Ilkowska and
Zdanowski 1988 a). Heated effluents are discharged to Lake Gostawskie throughout
the year, while Lake Slesifiskie receives only periodic discharge since May till No-
vember. Lake Gostawskie is shallow, polymictic, eutrophic, of pond type. Lake
Slesinskie is a deep, finger lake, dimictic, eutrophic. Average monthly temperatures
of surface water layers in the two lakes since 1965 till 1969 (Ist period) and since
1970 till 1983 (2nd period), and average monthly temperatures in a natural Lake
Sniardwy in 1975-1983 are presented in Fig. 2. Average montly temperatures of
surface water in lakes Gostawskie and Slesifiskie in 1965-1969 were natural ones
because in the 1st period these lakes were not thermally polluted. In 1973-1983
average monthly temperatures in water of Lake Gostawskie increased by 5-6°C in
winter, 1.5-6°C in spring, 3.5-4.5°C in summer, and 2—4°C in autumn compared to
the first period. In Lake Slesifiskie the differences were not so pronounced: 1.5-3°C
in winter, 0.5-3°C in spring, 1-3.5°C in summer, and 2.5°C in autumn. In the period
of heated effluent discharge (May-September) water temperature was higher by
1-3.5°C.

RESULTS

Histological picture of the ovaries and proportion of oocytes in bream ovaries in
lakes Gostawskie and Slesifiskie.

The degree of gonad development in bream females collected in February from
Lake Gostawskie and in March from Lake Slesifiskie was determined as IV stage
according to the scale by Sakun and Buckaja (1968) (Phot. 1). Oocytes of trophoplas-
matic growth were totally or in 3/4 filled with yolk. Their nuclei were centrally lo-
cated. In the ovaries of about 25% of the females from Lake Gostawskie and about
26% in Lake Slesinskie there were oocytes in the initial stage of vacuolization
(Phot. 2). These oocytes had 1-2 rings of small vacuoles near the follicular envelope.
They were counted as reserve oocytes (oocytes of protoplasmatic growth). Pro-
portions of oocytes in the ovaries and individual characteristics of the females are
presented in Tables 1 and 2. Bream females taken for histological examination from
Lake Gostawskie were 4—7 years old, with body length 28.5-43.0 cm and body weight
640-1670 g. Bream females taken for histological examination from Lake Slesinskie
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Phot. 2. Oocyte of bream female ovary at the beginning of vacuolization period in Slesifiskie Lake



Percentage of the oocytes of proto- and trophoplasmatic growth in the ovaries and individual data on bream females in Gostawskie Lake

Table 1

. Oocytes of protoplasmatic Oocytes of trophoplasmatic Fecundity absolute Reserve of oocytes
Age Body length l.c. Body weight growth growth thous. thous.
cm g % & mm % S mm
0.09-0.20 0.41-0.70
4+ 28.5 640 61.2 o 38.8 0 173.8 274.1
0.06-0.25 0.53-0.96
33.0 720 86.1 015 13.9 7 80.2 496.8
'0.05-0.20 0.65-1.02
35.0 850 87.9 014 12.1 0.8 123.1 894.2
. 0.05-0.23 0.75-1.03
5+ 33.0 760 87.3 015 12.7 T 124.4 855.1
0.06-0.22 0.67-0.88
33.0 840 70.5 014 29.5 B 136.3 325.7
0.09-0.22 0.67-1.03
33.0 850 80.0 015 20.0 0 137.3 549.2
0.08-0.20 0.57-1.04
35.5 940 . 83.6 o7 16.4 085 107.7 549.0
0.05-0.22 0.33-1.0
36.0 990 81.3 0.15 18.7 T 157.1 683.0
0.05-0.19 0.34-0.91
36.5 990 75.6 014 24.4 0.92 136.2 422.0
0.04-0.22 0.80-0.95
6+ 37.0 970 87.5 014 12.5 08 85.4 597.8
0.05-0.22 0.87-1.20
375 1250 79.8 014 20.2 095 187.6 741.1
0.05-0.23 0.35-1.09
39.5 1300 68.0 0.18 32.0 0.86 180.7 384.0
0.08-0.23 0.50-0.90
40.5 1340 85.6 017 14.4 T 178.8 1062.9
0.09-0.21 0.60-0.95
43.0 1670 74.5 o1 23.5 T 308.8 979.0
0.06-0.20 0.80-0.95
7+ 41.5 1490 81.2 014 18.8 0.87 249.8 1078.9

Total 15
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Percentage of the oocytes of proto- and trophoplasmatic growth in the ovaries and individual data on bream females in Siesifiskie Lake

Table 2

Age

Body length L.c.

Body weight

Oocytes of protoplasmatic

Qocytes of trophoplasmatic

Fecundity absolute

Reserve of oocytes

growth growth thous. thous.
cm g % £ mm % £ mm
0.04-0.16 0.50-0.65
+ . B —_ . —_— . .
3 21.5 200 91.6 0.00 8.4 0.5 12.1 131.9
0.03-0.20 0.52-0.63
22.5 6 5 —_— .1 —_— . .
260 92.9 0.10 7 0.57 21.1 276.1
0.03-0.15 0.39-0.64
26.5 390 92.5 013 7.5 0.58 38.7 477.3
0.05-0.17 0.45-0.70
4+ . X —_— K _— 44, 5
25.5 340 92.6 011 7.4 0.65 2 553.1
0.03-0.18 0.42-0.81
28.0 490 90.1 011 9.9 0.62 69.1 628.9
0.04-0.19 0.34-0.58
29.0 540 88.2 012 11.8 0.54 47.3 353.5
0.04-0.18 0.60-0.72
31.5 640 91.7 .10 8.3 0.64 88.1 973.3
0.04-0.16 0.41-0.69
5+ . . —_— . —_— . X
28.0 430 88.2 012 11.8 0.63 64.1 479.1
0.06-0.20 0.42-0.80
6+ X . _— R —_— . X
35.0 840 90.2 012 9.8 0.66 116.1 1068.6
0.04-0.17 0.40-0.84
.0 0 X —_— . — . .
35 97 86.0 012 14.0 0.69 146.6 900.5
0.05-0.18 0.50-0.85
36.5 970 85.8 0.12 14.2 0.70 173.8 1050.1
0.03-0.22 0.62-0.90
.5 A —_— A —_— 179. .
37 1200 87.1 0.13 12.9 0.87 79.5 1212.0
0.04-0.21 0.70-0.90
7+ . 1 . _— X —_— K .
41.0 560 81.2 014 18.8 ) 291.6 1259.5
0.05-0.22 0.68—0.89
8+ 40.5 X _— . e . 1179.!
1420 82.5 012 17.5 075 250.1 79.0
. 0.08-0.22 0.33-0.79
11+ . . —_— . —_— X .
45.0 2110 86.2 012 13.8 0,68 406.7 2540.4
Total 15
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Reserve of the oocytes in the ovaries and absolute fecundity of bream females from
Lake Gostawskie (G) and Lake Slesifiskie ()

Lake n Range x S \4 Range X
G Reserve of the 15 61.2—87.9 79.3 8.0 10.0 61.2—-80.0
oocytes 81.2—-87.9
$§ % 14 81.2-92.9 88.4 3.7 4.2
G Fecundity absolute 15 80.2—249.8 157.8 60.2 38.2 136.2—308.8 180.1
80.2—308.8 138.3
$ thous. 14 12.1-291.6 110.2 86.8 78.8
G Reserve of the 15 274.1-1078.9 659.5 265.0 40.2 274.1-979.0 525.0
oocytes 496.8—1078.9 717.2
$ thous. 14 131.9-1259.5 753.1

wea1q Jo SSLTBAO 3y} UY $33.4200 Y3 JO SIS PUB LJPUNRJ

Iy



42 Wiestawa Kopiejewska, Matgorzata Jankun, Ilona Mrowinska

were 3-8 years old. One female was 11 years old. Their body length ranged from 21.5
to 41.0 (45.0) cm and weight from 200 to 1560 (2110) g.

As regards percentages of oocytes in the ovaries of bream females it was found
that percentage of the oocytes of protoplasmatic growth in females from Lake
Gostawskie was more differentiated (V = 10.0), and its value was lower (61.2-87.9%,
X = 79.3%) than the same percentage in the ovaries from bream females in Lake
Slesinskie (V = 4.2, 81.2=92.9%, X = 88.4%), (Tab. 3). Eight females from Lake Go-
stawskie had the percentage of protoplasmatic oocytes within the range observed in
Lake Slesinskie. In the remaining seven females these values were lower. These
females were characterized by higher average fecundity, butlower oocyte reserve
(Tab. 3). In natural conditions higher fecundity is related to more numerous reserve
oocytes of protoplasmatic growth in the ovaries, and their utilization during the
vitellogenesis of about 14.5 to 19.6% (Kopiejewska 1993). In bream females from
Lake Gostawskie which had lower percentage of the oocytes of protoplasmatic growth
more eggs matured than could have been covered by the oocytes reserve, so this
reserve was used in up to 32-38.8% (Tab. 1).

Bream females from Lake Gostawskie were characterized by higher diameter of
oocytes of proto- and trophoplasmatic growth than the females from Lake Slesifiskie.
From among the 15 examined females from Lake Gostawskie seven average diameter
of protoplasmatic oocytes within the range 0.13-0.14 mm, and the other had bigger
diameter. In Lake Slesifiskie diameter of protoplasmatic oocytes was 0.13-0.14 mm
in three females only, while the others (12) had these diameter within the range
0.09-0.12 mm. In Lake Gostawskie all females with the exeption of the smallest
one (aged 4 years) had average diameter of trophoplasmatic oocytes greater than
0.70 mm. In Lake Slesifiskie on three females were characterized by a similar value,
in the other females-these oocytes were smaller.

ABSOLUTE FECUNDITY

Absolute fecundity of bream population in Lake Gostawskie ranged from 71.2 to
308.8 thousand eggs. In Lake Slesinskie it ranged from 12.1 to 406.8 thousand eggs.
Absolute fecundity of the females related to individual characters was different in
the two lakes (Fig. 3, 4, 5). As regards the relationship between absolute fecundity
and body weight (Fig. 3) bream females from Lake Gostawskie had absolute fecundity
lower than in Lake Slesifiskie by 20-30 thousand eggs. With respect to the relation
between absolute fecundity and body length (Fig. 4) fecundity in Lake Gostawskie
was lower than in Lake Slesifiskie when the females became longer than 32 cm.
Fecundity of females in Lake Gostawskie increased proportionally to body length.
Until the females reached 38 cm a 2 cm increase of body length corresponded to an
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Fig. 3. Relationship between absolute fecundity and body weight of bream females: G — Gostawskie Lake
(Fa=0.191 x W = 30.75), $1 — Slesifiskie Lake (Fa = 0.205 x W — 18.2), §n1 — $niardwy Lake, 1977 (Kopie-

jewska 1987), énz — Sniardwy Lake, 1978 (Kopiejewska 1987), 1 — population with average rate of growth
(Brylifiska 1971), 2 — population with slow rate of growth (Brylinska 1971)
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Fig. 4. Relationship between absolute fecundity and body length of bream females: G — Gostawskie Lake
(log Fa = 2.24 log L.c. — 1.312), §1— Slesifiskie Lake (log Fa = 3.7 x log. L.c. — 3.514), $n | — Sniardwy Lake,

1977 (Kopiejewska 1987), §n2 — Sniardwy Lake, 1978 (Kopiejewska 1987), 1 — population with average rate
of growth (Brylinska 1971), 2 — population with slow rate growth (Brylinska 1971)

increase of absolute fecundity by 16 to 20 thousand eggs. In bigger females the
corresponding increase of fecundity was 20 to 24 thousand eggs. In Lake Slesinskie
absolute fecundity of females increased very rapidly with fish length. Females about
32 cm long had the same fecundity in both lakes i.e. about 110 thousand eggs, but
females 10 cm longer had much higher absolute fecundity in Lake Slesinskie, the
difference being about 100 thousand eggs. At body length of 46 cm bream females
in Lake Gostawskie by about 170 thousand eggs. A different picture was obtained
when absolute fecundity was related to female age. Females from Lake Gostawskie
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Fig. 5. Average absolute fecundity in age groups of bream females: G — Gostawskie Lake, $§1 = Slesifiskie
Lake, énl — $niardwy Lake, 1977 (Kopiejewska 1987), Sn2 — Sniardwy Lake, 1978 (Kopiejewska 1987),

1 — population with average rate of growth (Brylinska 1971), 3 — population with rapid rate of growth (Bry-
linska 1971)

were characterized by higher absolute fecundity when particular age classes were
taken into account (Fig. 5). Four, five and six years old females from Lake Gostawskie
were characterized by higher average fecundity than the females of the same age
in Lake Slesinskie, the difference being some 30 to 50 thousand eggs. Increments

of average fecundity in females of the same age were,however, greater in females
from Lake Slesifiskie.
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The above results suggest that bream females in Lake Gostawskie were bigger
and had higher absolute fecundity than females of the same age in Lake Slesifskie.
Changes of absolute fecundity in relation do body weight and age were slower in
Lake Gostawskie than in Lake Slesifiskie.

DISCUSSION

The species Abramis brama (L.) is regarded as one of the few characterized by
different type of reproduction (Koshelev 1965). In thermally polluted lakes located
within the geographic range of Abramis brama (L.) one batch spawning can occur
in some fish belonging to the population with multi-batch type of spawning (Sta-
tova 1973), or there might be a trend for multi-batch spawning (Lukshene 1978).

Asynchronic development of the oocytes is connected with the formation of two
egg portions in the ovaries. This phenomenon was observed in bream from Kaczur-
ganski Reservoir of a Moldavian power plant (Statova 1973). The second portion of
the oocytes wasestablished in the ovaries through vacuolization processes which took
place already by the end of September, when the oocytes from the first portion had
entered the stage of vitellogenesis. Prior to spawning, when vitellogenesis approached
its end in the first oocyte portion, vacuolization was almost completed in the second
oocyte portion, or else vitellogenesis began. When the females spawned the first egg
portion, oocytes of the second portion were in the end phase of vitellogenesis, and
oocytes in the initial stage of vacuolization appeared among oocytes of protoplasmatic
growth. When the second portion of eggs was spawned, the ovaries were classified
as being in VI-III stage of development, and then in stage III.

In a reservoir of a Lithuanian power plant (Lukshene 1978) most bream females
were characterized by one—portion spawning, but in about 26% there was a trend
for multi-batch spawning. This tendency was reflected in the fact that ovaries of
spent females contained oocytes in the final stage of vacuolization and initial stage of
vitellogenesis. This oocytes, however, did not attain maturity but were resorbed.

In south areas of the distribution of bream with one batch spawning, in the delta
of River Terek (Shikhshabekov 1972) characterized by natural temperatures, there
were bream stocks in which some females had oocytes in course of vacuolization
even though the females had already spawned. These oocytes did not attain sexual
maturity during the reproductive season and were resorbed.

Similar responces to increased water temperature were found in the case of roach
females in Moszkowicki Reservoir of Konakowska power plant (Efimova 1977).

Observatins on the ovaries of bream females in lakes Gostawskie and Slesifiskie
(Phot. 1, 2) as well as the data from the literature suggest that spawning in lakes
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Gostawskie and Slesinskie was one—portion, but about 25-26% of the females showed
a tendency to multi-portion spawning. The ovaries of the latter females contained
oocytes in final stage of vitellogenesis as well as oucytes in the initial stage of va-
cuolization. The latter oocytes did not attain sexual maturity in the current reproduc-
tive season. In Lake Gostawskie bream females after 1970 spawned in March—-April
(personal communiaction of an employee of the fish farm. Samples were collected
in mid-February and the begining of March). In 1966—1969 bream spawned in the
two lakes in April-May-June (Wilkofaska and Zuromska 1977 a). In natural con-
ditions of Polish lakes bream spawns in May-June (Sych 1955, Peczalska 1963,
Brylifiska and Diugosz 1970, Kopiejewska 1989).

According to Oven (1976) potential fecundity i.e. the reserve of reproductive cells
is of adaptable character when viewed as a reserve of reproductive cells ensuring
reproduction in the given season and not as a reserve for future years.

The reserve of oocytes of protoplasmatic growth in the ovaries of bream females
from two lakes: Kortowskie and Blanki (Kopiejewska 1993) ranged from 507.3 to
5806.3 thosand (8996.3 thousand), from which 20.8-321.3 thousand eggs were
spawned, these being 1.5-14.5% of the oocytes reserve. Proportions of maturing
oocytes in the ovaries of brea females were characterized by low variability (V =
= 2.4-5.5), (Kopiejewska 1993), suggesting that these proportions were a functional
property of the ovaries. In bream population from lakes Sniardwy, Kortowskie and
Blanki the reserve of oocytes of protoplasmatic growth ranged from (78.9) 80.4-98.5%
(Kopiejewska 1989, Kopiejewska 1993). Data characterizing functioning of ovaries
in bream females from Lake Slesifiskie (81.2=92.9%, V = 4.2) were within the range
of these values, but data from Lake Gostawskie were not within this range (61.2—
-87.9%, V =10.0). Hence, it may be stated that functional changes took place in the
ovaries of some females from Lake Gostawskie under the effect of environmental
conditions. In females from Lake Gostawskie percentage of oocytes of trophoplasma-
tic growth in relation to percentage of oocytes of protoplasmatic growth was lower
than in other cases, this being especially noticeable in the case of females with low
percentage of protoplasmatic oocytes in the ovaries. In these females there were
1.6=7.3 times more trophoplasmatic oocytes than protoplasmatic ones, and inthe
females which had less protoplasmatic oocytes the numbers of trophoplasmatic oocy-
tes was only 1.6—4.0 times higher. In Lake Slesifskie percentage of oocytes of proto-
plasmatic growth was than the percentage of trophoplasmatic ones (fecundity)
4.3-13.1 times, while in natural conditions of Lake Kortowskie it was 6.4-27.6 higher
(51.6 and 65.7), in Lake Blanki 8.4-39.0 higher (Kopiejewska 1993), and in Lake
Sniardwy (3.7) 4.1-28.4 (Kopiejewska 1989). Bream females in Lake Gostawskie
compared to the populations in lakes Kortowskie, Blanki and Slesifiskie were charac-
terized by low number of oocytes of protoplasmatic growth (Tab. 4). Notwithstanding
this, large number of eggs matured in the ovaries of these females (Tab. 4). This resul-



Reserve of the oocytes in the ovaries and absolute fecundity of bream females from lakes:

Gostawskie (G), Slesifiskie (S), Kortowskie (K), Blanki (B)

Table 4

Reserve of the oocytes Fecundity absolute
Age Lake n Range Range X Range x
% thous. thous. thous. thous.
4+ G 3 61.2-87.9 274.1-894.2 555.0 80.2-173.8 125.7
§ 4 88.2-92.6 353.5-973.3 627.2 44.2-88.1 62.2
K 4 91.4-98.1 722.7-1400.2 1088.9 23.7-68.0 45.5
B 2 95.3=97.5 1382.9-2230.1 1806.5 57.2—-68.2 62.7
5+ G 6 70.5-87.3 325.7-855.1 564.0 107.7-157.1 133.2
§ 1 88.2 479.1 479.1 64.1 64.1
K 4 91.7-96.4 486.5-1574.5 864.3 20.8-65.1 51.5
B 9 89.4-97.4 1174.6-3034.3 1942.6 46.4—164.0 113.3
6+ G 5 68.0-87.5 384.0-1062.9 753.0 85.4—187.6 (308.8) 158.1 (188.3)
§ 4 85.8-90.2 900.5-1212.0 1057.8 116.1-179.5 154.0
K 7 86.5-98.5 619.6—2318.0 1220.3 35.3-120.5 88.9
B 6 91.3-96.8 2099.9-5620.4 3091.3 157.8-227.7 186.3
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ted in considerable use of oocyte reserve in the ovaries. It can be concluded that in
the conditions of Lake Gostawskie endo- and exogenesis took place in more oocytes
than the number of oocytes entering in previtellogenetic period. i.e. the balance
between vegetative oocyte development and premeiotic genertive phase was distur-
bed.

Lukshene (1983, 1986) stated that diameter of bream oocytes in the case of increa-
sed water temperature decreased as the females grew older. Oocyte diameter in bream
females from Lake Gostawskie (more thermally polluted than Lake Slesifiskie) was
bigger than in Lake Slesifiskie. It is possible that this was a population property. It
is generally known that egg size depends on female size (Kazanski 1975) and females
in Lake Gostawskie were bigger than in Lake Slesinskie.

It was found that individual absolute fecundity of bream females in thermally
polluted lakes was lower than in natural conditions (Lukshene 1983, Statova 1973),
and that fecundity decreased with increasing pollution (Lukshene 1983).

Fecundity of bream females from lakes Gostawskie and Slesifiskie was compared
to that in 15 Polish lakes (BryliAiska 1971) and in Lake Sniardwy which had optimal
conditions for this species (Kopiejewska 1987), (Fig. 3, 4, 5).

Absolute fecundity of bream females in Lake Slesifiskie when related to body
weight was very similar to that observed in Lake Sniardwy in the year when the fe-
males were characterized by lower condition, as well as to that calculated for 7 bream
populations of moderate growth (Fig. 3). Bream females in Lake Gostawskie had lower
fecundity than bream females of the same body weight in Lake Sniardwy. It was also
lower than average fecundity calculated for bream populations characterized by slow
growth. Considering the relation between absolute fecundity and body length (Fig. 4)
fecundity of bream females from Lake Slesifiskie was lower than average fecundity
of females in bream population of moderate growth, but was on the same level as
fecundity of bream females from Lake Sniardwy. In Lake Slesifiskie fecundity in-
creased with body length more rapidly than in Lake Sniardwy. However, in Lake
Gostawskie fecundity increased with body length slower than in Lake Sniardwy.
Bream females in this lake were characterized by lower fecundity than in Lake
Sniardwy and lower than in bream populations of slow growth. Only small females,
about 34 cm in length, had fecundity similar to fecundity in Lake Sniardwy.

Bream females aged 8 years in Lake Slesifiskie had the same fecundity as 9 years
old females in Lake Sniardwy, while those aged 9 years had similar fecundity as those
10 years old in Lake Sniardwy (Fig. 5). Ten and eleven years old females in Lake
Slesifiskie had fecundity lower than females of the same age in Lake Sniardwy.
A decrease of fecundity increments in bream females from Lake Slesifiskie took place
since the age of six years. Population in Lake Slesifiskie was characterized by higher
fecundity of younger females than of older ones compa- red to the populations in
natural conditions. Three and four years old females had higher fecundity than the



50 Wiestawa Kopiejewska, Maigorzata Jankun, Ilona Mrowinska

average one calculated for three bream populations with rapid growth, while five,
six and seven years old females had the fecundity on the level of average fecundity
of the population with rapid growth, and eight, nine and ten years old females had the
fecundity within the range of average fecundities in the populations of rapid and
moderate growth. On the other hand fecundity of bream females in Lake Gostawskie
was higher than average fecundity of bream females in a population with rapid
growth (Fig. 5). Females aged five, six years had the fecundity at the level of fe-
cundity observed for seven, eight years old females in Lake Sniardwy.

The above data suggest that as regards the dependence of fecundity on body size,
bream population in Lake Slesifiskie had the characteristics of the populations of
moderate growth in natural conditions. Increased water temperatures in this lake
induced more intensive egg development in three—seven—eight years old females
than in the case of moderatly growing populations of this species. Number of eggs
developing in the ovaries of these females was the same as in rapidly growing bream
populations in natural conditions. Bream population in Lake Gostawskie had the
characteristics of a slowly growing population in natural conditions when considera-
tion was given to the dependence of fecundity on fish size, and of rapidly growing
populations when attention was paid to the dependence of fecundity on fish age.
Significant increase of temperature in Lake Gostawskie resulted in an even more
intensive egg development in the ovaries of young bream females during reproduction,
so that they passed from the population of slow growth to that of more intensive
growth than in the populations of rapid growth.

CONCLUSIONS

1. In the conditions of lakes Gostawskie and Slesifiskie, which are thermally
polluted by *Konin” and *Pgtnéw” power plants, bream females have single portion
spawning. In about 25-26% of the females there is a tendency for multi=batch spa-
wning. The ovaries of the latter females contain oocytes in the final stage of vitello-
genesis (1st portion) as well as oocytes in the initial stage of vacuolization (2nd por-
tion). The degree of development of this second egg batch suggests that they will
not attain sexual maturity in the current reproductive season.

2. From 7.1 to 18.8% of the oocytes attained maturity in the annual cycle of ovary
development in the case of females from Lake Slesifiskie. These values are within the
limits noted for natural lakes. As regards bream females from Lake Gostawskie,
12.1-38.8% of the oocytes attained maturity in the annual cycle i.e. more than the
upper limit observed in natural lakes. In about 46.6% females from Lake Gostawskie
more oocytes fnature in the ovaries than in natural conditions, 20.0-38.8%. This
causes depletion of the reserve of oocytes of protoplasmatic growth. Considerable
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heating of Lake Gostawskie resulted in some disturbances of the balance between
vegetative and generative premeiotic phase of oocyte development (endo- and exo-
genic vitellogenesis takes place in more oocytes than the number of oocytes entering
the previtellogenetic phase).

3. Lake Slesifiskie receives periodic discharge of heated effluents from May till
November. Fecundity of bream females in this lake amounts to from 12.1 to 406.8
thousand eggs at body length 21.0-48.0 cm and weight 200-2290 g, aged 3-12 years.
The relationship between fecundity and body weight and length is the same as in
natural bream populations characterized by moderate growth. Heating of this lake
intensified egg maturation in the reproductive cycle of younger females, aged
three— seven years, so that it became similar to that noted in rapidly growing popula-
tions.

4. Lake Gostawskie is heated throughout the and its temperatures differ consi-
derably from those noted in natural lakes. Fecundity of bream females in this lake
ranged from 71.2 to 308.8 thousand eggs at body length 28.5-46.0 cm and weight
640-2110 g, the females being 4-7 years old. As regards the relationship between
fecundity and body weight and length it was similar as in natural populations charac-
terized by slow growth. Considerable heating of this lake intensifield egg maturation
in females ovaries during the reproductive period, so that it became as in the rapidly
growing populations.
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PLODNOSC I ZAPAS OOCYTOW PROTOPLAZMATYCZNEGO WZROSTU W JAINIKACH
SAMIC LESZCZA ABRAMIS BRAMA (L) W DWOCH ZBIORNIKACH JEZIOR KONINSKICH

STRESZCZENIE

Zbadano plodno$é i okredlono proporcje oocytdw w jajnikach samic leszcza Jeziora Gostawskiego i Je
ziora §lesiﬁskiego. Jeziora te sg zanieczyszczane termicznie przez system chiodzenia elektrowni *Konin®
i ®Painéw”. Temperatura wody Jeziora Gostawskiego podwyzszona jest w pordwnaniu z temperaturg wody
Srodowiska naturalnego o 1.5—6°C, Jeziora Slesifiskiego o 0.5=3.5°C w odpowiednich po}ach roku. Samice
leszcza w tych jeziorach majg tario jednomiotowe. U ok. 25% samic w obu jeziorach wystepuje tendencja
do taria porcyjnego. W cyklu rocznym rozwoju jajnikéw samic leszcza w Jeziorze Stesifiskim dojrzewa
7.1=18.8% oocytdw, podobnie jak w warunkach naturalnych, u samic leszcza w Jeziorze Gostawskim dojrze-
wa od 12.1 do 38.8% oocytéw, u ok. 46% samic wiecej niz w warunkach naturalnych. Podwy2szona tempera-
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tura wody w Jeziorze Slesifiskim spowodowata intensywniejsze dojrzewanie jaj w jajnikach miodych samic
3=T-letnich, z poziomu populacji $rednio rosngcych do poziomu populacji szybko rosngcych. W Jeziorze
Gostawskim wyzsza temperatura wody jeszcze bardziej zintensyfikowata dojrzewanie jaj w jajnikach mto-
dych samic 4—6-letnich, z poziomu populacji powoli rosngcych do poziomu przekraczajgcego Sredni poziom
populacji o szybkim wzroscie.
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