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ABSTRACT. Considerable decreases in temperature during the juvenile period of carp development
directly affected the pond environment, its biotope and fish survival rates. High survival rates were
observed when the temperature fell not earlier than ten days after stocking, while there was about a
25% decrease in dominating survival when it occurred earlier. The cumulative, unfavorable impact of
temperature decrease on the pond biotope and fish appetite manifested itself in increased numbers of
small Cladocera forms, decreased Copepoda and Rotatoria densities and an increase in the average
number of phytoplankton species. When early cooling occurred, the increase of fish stock density in
ponds caused an increase in small Cladocera forms due to the low fish pressure and an increase in the
number of Cyanophyta and Chlorophyta in all seasons, which, in turn, was caused by the increasing
productivity of the ponds. The chemical composition of the pond water was not deficient in nutritive
salts. With only one exception, the fry survival rate was not threatened by the high concentration of
non-ionized ammonia nitrogen.
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ENVIRONMENT

INTRODUCTION

Environmental conditions can reduce or intensify the effect of temperature on fish
survival by limiting or stimulating food resources and changing the chemical compo-

sition of water (Hrba�ek 1969). Temperature fluctuations also affect food resources
directly as do fish survival and the pond environment. The rate of reproduction and

growth of zooplankton organisms increase with water temperatures of up to 20�C
(Hillbricht-Ilkowska and Patalas 1967, Bottrell et al. 1976). When temperatures fall

below 20�C, the development of zooplankton is limited and this impacts fish survival.
Chemical processes which threaten fish survival, such as concentrations of
non-ionized ammonia (Vamos 1967, EIFAC 1970, Russo et al.1981, D¹browska and
Sikora 1986, Svobodova 1992), also depend on temperature. However, in this case,
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lower temperatures play a positive role by lowering the ammonia concentration.

The goal of the study was to evaluate the cumulative impact of considerable tem-

perature decreases from above 20�C and fish survival in the first five to six weeks
after pond stocking on the density of zooplankton, phytoplankton and chemical
changes in pond water.

METHODS

The site and methods of water temperature monitoring and the method used to
determine the time of fish mortality are presented in part I of this paper (Szumiec and
Pilarczyk 2001). All the ponds dried up in winter.

The zooplankton studies were conducted in the 1986-1990 seasons and those of
phytoplankton in 1981-1985. The samples of zoo- and phytoplankton were collected
weekly and classified using previously developed methods (Starmach 1955, Jakubas
1996, Urbaniec-Brózda 1996). The dependence of the plankton on thermal conditions
was calculated based on the average number of organisms and on values obtained
from individual samples. The number of Cladocera, Copepoda, Rotatoria, and naupli
were determined in 24 ponds which had been fertilized with mineral nitro-
gen-phosphorus fertilizer and fresh cow manure. The number of Bacillariophyceae,
Cryptophyceae, Cyanophyta, and Chlorophyta were determined only in ponds
which had been fertilized with mineral nitrogen-phosphorus fertilizer.

Standard methods were applied to analyze the chemical composition of the water
on a weekly basis from 1981 to 1990. The concentration of non-ionized ammonia
nitrogen NH3-N (Vamos 1967, EIFAC 1970, Russo et al.1981, D¹browska and Sikora
1986, Svobodova 1992) was calculated as the portion of total ammonia (TAN =
NH4

+-N + NH3-N) in pond water based on temperature and hydrogen ion concentra-

tion (Krüger and Niewiadomska-Krüger 1990, Svobodova 1992).

RESULTS

TEMPERATURE AND FISH SURVIVAL

Favorable seasons occurred in 1982, 1983, 1986 and 1988, while 1981, 1984, 1985,
1987 and 1990 were unfavorable. The results from the nine-year study period showed
the quasi-symmetrical smoothed distribution of the density in the survival rate of

hybrid progeny (W � 3) under average and favorable thermal conditions. Thus, the
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highest and the average survival rate frequency had similar values of about 40%
under average conditions and approximately 55% under favorable ones. Under unfa-

vorable conditions, the dominating frequency was reduced to about 30%, but the
average survival rate was slightly higher because of the positive asymmetry of the
density distribution (Fig. 1).

PLANKTON

During long warm periods, the average number of Rotatoria greatly exceeded

that during periods when there was early cooling; Copepoda and naupli were only
slightly more numerous. When conditions were unfavorable only Cladocera, repre-

sented chiefly by Bosmina longirostis, occurred more abundantly (Fig. 2). The number
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Fig. 1. Density histograms of larval survival rate and the smoothed survival distributions under
differentiated thermal conditions.
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Fig. 2. Average density of Rotatoria, Cladocera, Copepoda and naupli during the first weeks of favorable
and unfavorable thermal conditions.



of Cladocera increased with greater fish stock densities (Fig. 3); however, as the fish

survival rate rose, a decrease was observed in the average number of Cladocera,

Copepoda and Rotatoria (r = 0.421, P = 0.082).

The average number of the phytoplankton was smaller in the favorable period

than in the unfavorable one (Fig. 4). The increasing number of Cyanophyta,

Cryptophyceae, and Bacillariophyceae, especially Chlorophyta, accompanied
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Fig. 3. Average density of the studied zooplankton species vs. fish stock density.
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Fig. 4. Average density of Cyanophyta (A), Cryptophyceae (B), Bacillariophyceae (C) and Chlorophyta (D)
during the first weeks of favorable and unfavorable seasons.



increased fish stock density in the ponds. Only the number of Bacillariophyceae

decreased with fish density under unfavorable thermal conditions (Fig. 5).

CHEMICAL FACTORS

The dissolved oxygen content in the water did not fall below the level which lim-

its fingerling survival, and nutritive salts did not limit the development of plankton.
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Fig. 5. Average density of Cyanophyta, Cryptophyceae, Bacillariophyceae and Chlorophyta in ponds fertil-
ized with NP vs. fish stock density.

TABLE 1

Concentration of ammonia nitrogen corresponding to un-ionized ammonia NH3-N, lethal for carp
(LC50), according to D¹browska (1986)* and Svobodova (1992)** calculated against pH and temperature

NH3-N TAN
pH Temperature (�C)

(mg dm-3) (mg dm-3)

0.89-1.96* 4.35 - 9.58 9 15

1.23 - 2.72 10

3.25 - 7.17 9 20

1.12 - 2.48 10

1.0-1.50** 4.88 - 7.33 9 15

1.38 - 2.08 10

3.66 - 5.49 9 20

1.26 - 1.89 10



As a result of a high pH level and the greater concentration of total ammonia nitrogen,
non-ionized ammonia reached very high concentrations early in 1987, and lethal val-
ues of NH3-N induced 50% fish mortality in some ponds (LC50, Table 1). However,
the fall in temperature at this time had a positive effect as it limited photosynthetic
processes and decreased the pH. Due to this, only in the 1987 season was NH3-N at
lethal levels (Fig. 6). No dependence between NH3-N, pH and TAN concentration
and the number of warm days after pond stocking was found.

DISCUSSION

Carp farmers in temperate climates are well-acquainted with the disadvanta-
geous effect deep cooling has on the survival of juvenile carp. It is difficult to quantify
its influence due to the complex factors which affect fish in ponds. The results pre-
sented in this paper indicate that a considerable decrease in water temperature from

above 20�C in the first ten days after stocking lowered the dominating survival rate of

214 M. A. SZUMIEC, M. JAKUBAS

m
g

N
H

-N
d

m
3

-3
p

H p
H

p
H

m
g

T
A

N
d

m
-3

m
g

T
A

N
d

m
-3

m
g

T
A

N
d

m
-3

m
g

N
H

-N
d

m
3

-3

m
g

N
H

-N
d

m
3

-3

Fig. 6. Lethal concentrations of non-ionized NH3-N found in the water of three ponds at the beginning of
the 1987 season.



W � 3 hybrid progeny by approximately 25%. If the fall in temperature does not occur

for a period of weeks following pond stocking, then survival rates rise to 55%.

During the first three weeks of life, zooplankton, first rotifers and then crusta-

ceans, is the main food of carp. In later weeks, Chironomidae larvae dominate the

food spectrum of carp (Grygierek 1962, Ciborowska 1970). The reproduction rate and

growth of zooplankton organisms increase with water temperature up to about 20�C

(Hillbricht-Ilkowska and Patalas 1967, Bottrell et al. 1976). Thus, it may be conjec-

tured that with favorable thermal conditions food did not limit fish survival. The low

numbers of Cladocera which occurred under favorable conditions resulted from the

intensive feeding of the developing fish; their high number under unfavorable condi-

tions resulted from the weak appetites and decreasing numbers of fish. Since the fish

consumed rotifers only during the first days after stocking, their number was high

during five to six weeks of favorable conditions. The absence of Rotatoria in most

ponds during the unfavorable thermal conditions in 1987 might have been an addi-

tional reason for the high larval mortality.

Increasing fish density did not have an effect on the decrease of the zooplankton

numbers under favorable conditions; this might have resulted from the preference of

the fish for protein pellets, the dose of which was raised 10 to 40% as stock density

increased. The greater number of Cladocera which occurred under unfavorable ther-

mal patterns were the result of less feeding pressure from the generally smaller fish

population and their decreased appetite. The increased number of Cladocera at

greater fish densities was brought about by both the increasing productivity of the

ponds and the more pronounced dominance of smaller forms, chiefly Bosmina

longirostis (Hrba�ek et al. 1961, Grygierek 1962, Szumiec 1966, Schlott-Idl 1990).

Phytoplankton reproduction supplied a sufficient food base for the zooplankton

under both favorable and unfavorable thermal patterns. However, when conditions

were favorable, their numerous occurrence met the intensive feeding of zooplankton

which had faster metabolic and growth rates (Kawecka and Eloranta 1994). If unfa-

vorable conditions had lasted for a longer period, phytoplankton development might

have been affected since most species studied preferred temperatures above 20�C

(Patrick 1969, Wilde and Tilly 1981), although, in this case an abundant number of

phytoplankton developed before the temperature fell (Urbaniec-Brózda 1994, 1996).

The lower zooplankton filtration during cooling caused the phytoplankton density to

exceed that found under favorable conditions. A number of authors (Stra�kraba 1966,
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Stra�kraba and Javornicky 1973, ¯urek et al. 1991) have also shown that the number
and/or biomass of the phytoplankton are inversely proportional to the number of
zooplankton. They also indicated that the number of the phytoplankton, particularly

Cyanophyta and Chlorophyta, increased with the productivity of the reservoirs.

The concentration of oxygen in water did not fall below the values that would
limit the survival rate of juveniles (approximately 3.5 mg dm-3). In 1987, however, a
decrease in the resistance to diseases and parasite invasion might have occurred
because of the reduced oxygen saturation caused by the fall in water temperature
(Reinbach-Klinke 1980).

The pronounced consumption of carbon dioxide by intensive phytoplankton
photosynthesis in spring was accompanied by an increase in water pH and high con-
centrations of total ammonia nitrogen. The resulting increase in the concentration of
the non-ionized form of ammonia was probably the supplementary cause of very low
larval survival in 1987. However, the low temperature in the first days following
stocking improved conditions since the occurrence of toxic NH3-N concentrations at
lower temperatures requires a higher TAN content in the water. The results of labora-
tory experiments by Krüger and Niewiadomska-Krüger (1990) show that NH3-N can
be lethal for fish at concentrations as low as 0.5-1.0 mg dm-3. The lethal values, how-
ever, depend on a number of environmental factors such as dissolved oxygen (Vamos
1967, Epler 1971, Svobodova 1992) and pH. The occurrence of univalent Cl-, HCO3

-

and NO3
- ions also increases the lethal effects of NH3-N (Russo et al. 1981).

CONCLUSIONS

Sudden falls in temperature were manifested by an approximate 25% decrease in
the dominating survival of carp juveniles. Unfavorable thermal conditions caused an

increase in the number of small Cladocera forms, a decrease in Rotatoria and
Copepoda, and an increase of the average number of phytoplankton, especially of
Chlorophyta. The results suggest that an abundant number of rotifers at the begin-

ning of pond stocking appeared under favorable thermal conditions.

The increase of small Cladocera forms along with increasing fish stock density in
the ponds under unfavorable thermal conditions was the result of lower fish pres-

sure. The increase in the number of Cyanophyta and Chlorophyta along with increas-

ing fish density in both favorable and unfavorable seasons were caused by the
increasing productivity of the ponds.
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STRESZCZENIE

WP£YW SPADKÓW TEMPERATURY WODY NA EFEKTYWNOŒÆ CHOWU KARPIA
CYPRINUS CARPIO L. W KLIMACIE UMIARKOWANYM. II. DYNAMIKA ZOO- I
FITOPLANKTONU ORAZ SK£AD CHEMICZNY WODY

Celem badañ by³a ocena ³¹cznego wp³ywu znacznego spadku temperatury wody i spadku prze¿y-
walnoœci wylêgu krzy¿ówki W � 3 (czêœæ I) na liczebnoœæ zoo- i fitoplanktonu i na sk³ad chemiczny wody.
Badania zooplanktonu prowadzono w latach 1986-1990, fitoplanktonu w 1981-1985, sk³adu chemicznego
wody w 1981-1990. Materia³ nie obejmuje sezonu hodowlanego 1989. Próby pobierano co tydzieñ.

W niekorzystnych warunkach cieplnych, kiedy spadek temperatury nastêpowa³ przed 10 dniem po
obsadzie wylêgu, prze¿ywalnoœæ wylêgu wynosi³a jedynie oko³o 30%, podczas gdy w korzystnych warun-
kach, kiedy spadek temperatury nastêpowa³ co najmniej kilkanaœcie dni po obsadzie wynosi³a oko³o 55%
(rys. 1). W wyniku mniejszego apetytu ryb w niekorzystnych warunkach wyraŸnie wiêksza by³a jedynie
liczebnoœæ Cladocera (rys. 2), natomiast wskutek mniejszej liczebnoœci pozosta³ych grup zooplanktonu
wzrasta³a liczebnoœæ fitoplanktonu (rys. 4). Wzrost zagêszczenia obsad ryb wp³ywa³ na wzrost liczebnoœci
ma³ych form Cladocera tylko w niekorzystnych warunkach cieplnych (rys. 3), natomiast powodowa³
wzrost liczebnoœci wiêkszoœci badanych grup fitoplanktonu, g³ównie Chlorophyta, zarówno w korzyst-
nych, jak i niekorzystnych warunkach (rys. 5). By³ to oczywisty wp³yw wiêkszej ¿yznoœci stawów z zagêsz-
czonymi obsadami ryb.

Iloœæ tlenu rozpuszczonego w wodzie nie limitowa³a prze¿ywalnoœci wylêgu, natomiast wysoka kon-
centracja niezjonizowanego amoniaku stwierdzona w 3 stawach (rys. 6) mog³a przyczyniæ siê do wysokiej
œmiertelnoœci ryb w sezonie 1987.
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