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Oxygen conditions were determined for rearing carp (Cypri
°

nus carpio L.) larvae in 33.1 ± 0.3 C. They amounted to: 96.1,

119.6 and 167.7% saturation of water with oxygen in optimal
conditions 43.0 and 60.6% for the required conditions, and 23.1%
for the critical conditions.

INTRODUCTION
Knowledge on the oxygen conditions is of primary importance for the intensifica·
tion of fish production {Lavroskij et al. 1988). It is known that proper aeration of water
in fish rearing may favourably affect their growth, survival, use of feeds, stocking
densities as well as production safety and stability (Rummler 1986). It is also known
that even oversaturation of water with oxygen does not induce gas disease in fish
(Colt 1986).
The aim of the experiment was to follow the effect of different levels of water sa
turation with oxygen on the rate of growth, condition and survival of carp larvae
reared in high temperatures.
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MATERIAL AND METHODS
Three-day carp larvae originating from a hatchery were used in the experiment.
They were a progeny of one female. Initial individual weight of the fish was
I. 7 ± 0.2 mg, average total length was 6.6 ± 0.2 mm. The larvae were stocked onto
3
7 identical flow-through plastic basins, 13 dm in capacity. All basins were stocked
at the same time with the same number of fish. Stocking rate amounted to 10 larvae
3
per I dm (130 fish per basin). Water temperature was gradually raised during
24 hours, from the initial temperature of 21.0° C to the final one of 33.0 ° C. Water
temperature was controlled automatically; it was maintained at the level of
33.1 ± 0.3 ° C. Water used in the experiment was pumped from a well and deironed.
It was degassified with the vacuum method of Mount (1964) in order to protect the fish
against gas disease, and then it was oxygenated directly in the fish basins with
oxygen rotameters. Gaseous oxygen was used; it was obtained decompressing liquid
oxygen. Constant ranges of saturation with oxygen were maintained in particular
basins throughout the experiment. In order to disperse oxygen in water pumice stone
cubes were used, of the type usually used in aquaria.
Oxygen content was determined with Winkler's method and the results were pre
sented in per cents of saturation according to the table given by Mortimer (1981).
Fish were fed ad libitum several times daily with live zooplankton. The basins were
illuminated 24 hours. Constant water flow (water exchange rate 20-25 times per
24 h) and frequent cleaning of the basing practically excluded the possibility of se
diment formation and prevented C02 increase. Water pH was at the level 7. 7-8.0.
Water outflows were covered with a net to prevent fish escape. All fish were fished
out after 7 days of rearing and preserved in 3% formalin. Individual weight and length
of the fish were determined and so was Fulton's index of condition. In the latter case
3
the following formula was used: K = (W)/1 x I 00, where W - fish weight, I - total
fish length (Ricker 1968). Mean values and standard deviations were calculated for
each sample.
Mean fish weights and Fulton's condition indices for the basins were compared
using Duncan's test (1977). It allowed to quality final fish weights in particular
basins into 5 groups differing statistically (a, b, c, d, e). As regards the fish condition,
two statistically different groups (f, g) were distinguished.
Scheme of the experiment is presented in Fig. 1.
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Fig. I. Scheme of the experiment: 1. Tank with deoxidized water, 2. Oxygen rotameters, 3. Water oxygena
ting cubes, 4. Taps supplying the basins with water

RESULTS
The results of the experiment are presented in Table 1.
The most optimal conditions were obtained during rearing carp larvae in the basins
no. 4, 5 and 6, in which water saturation with oxygen was respectively 96.1
119.6 ± 21.2 and 167.6 ± 17.0%.
Saturation of water with oxygen in the basins no. 2 and 3 was 43.9

± 21.4,

± 6.0 and

60.6 ± 21.4%, and those conditions were defined as required for carp larvae.
Decisively the worst results of rearing were observed in the basin no. 1, in which
water saturation with oxygen was 23.1 ± 4.3%. Fish in this basin were characterized
by very slow growth and low condition index. In course of rearing this fish did not eat

up zooplankton doses and they tended to remain just under the water surface, sugge
sting that they were periodically forced to use atmospheric air. Oxygen conditions
in this basin should be defined as critical.
In the basin no. 7, in which average supersaturation with oxygen was 226 ± 16.0%,
mean fish weight was comparable to the one in the basins with optimal oxygen condi
tions. On the other hand, fish condition in this basin was comparable to that in the
basin in which oxygen conditions were defined as critical.
Fish survival was high in all basins, from 88.5 to 93.1%.

Table 1

-I>-

Rearing of carp larvae in different oxygen conditions.
Duration of rearing: 7 days. Water temperature 33.1 ± 0.3°C

Oxygen
conditions

Basin
number

Critical

Water saturation
with oxygen
(%)

*

Range of water
saturation with
oxygen
(%)

Fish
weight (mg)

mean

SD

23.1

4.3

17-33

44.le

mean

SD

**

Fulton's
condition
index (K)

Fish
length

Fish
survival
(%)

mean

SD

mean

17.2

14.1

1.6

1.47g

0.18

88.5

SD

Required

2

43.0

6.0

38-61

62.7d

23.8

15.6

1.6

1.59fg

0.16

90.1

Required

3

60.6

11.2

44-75

64.9cd

28.3

15.8

2.0

1.52fg

0.18

93.1

Optimal

4

96.1

21.4

70-122

72.9bc

31.8

16.2

2.1

l.58f

0.20

91.2

Optimal

5

119.6

21.2

90-146

79.9ab

42.2

16.7

2.4

1.55f

0.41

90.1

167.6

17.0

93-211

87.3b

34.8'

17.3

1.9

l.58f

0.20

89.2

226.4

16.0

233-283

76.3b

39.5

16.7

2.6

1.47g

0.21

90.1

Optimal

Optimal·
critical

..
**

7

- standard deviation
- values denoted with the same letter do not differ significantly at 5% confidence level
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DISCUSSION
Oxygenation of water is an abiotic factor of decisive importance in the intensifica·
tion of rearing carp larvae as well as larvae of other fish (Rummler 1986). Until re
cently it was generally accepted that oversaturation with oxygen enhanced gas di·
sease (Weitkamp and Katz 1980). It is knowh that the symptoms of gas disease may
appear in fish during water heating and intensive mixing, and also during water
punping as a result of to great differences between pressure of gas dissolved in water
and local atmospheric pressure (Colt 1986). In order to prevent this, water used in
the experiment was degassified using the vacuum method of Mount (1964) to remove
the main cause of the disease i.e. nitrogen. No disease symptoms were observed. Some
fish losses which occurred during the experiment could be ascribed to predatory
Copepoda which were present in live zooplankton used to feed the fish.
Water temperature maintained in course of the experiment was defined by Korneev
(1982) and Lirski (1984) as optimal when high-protein food is used to feed the fish.
Saturation of water with oxygen in the basin no. 4, 5 and 6, in which optimal
growth rate was observed, was close to the data presented by Rummler (1986).
According to this author optimum of fish growth occurred at 90-120% saturation.
On the other hand, Bajkalova (1983) found that average weight of carp reared in
26-27°C in water with 25% saturation with oxygen was about 17% higher than in the
control group (110% saturation). My own studies suggest that 266.4% saturation
(basin no. 7) had no adverse effect on average fish weight, although it decreased
Fulton's index of fish condition. It may be assumed that this was caused by to inten
sive turbulence of water, so that the fi�h were not able to move freely. Rummler
(1986) stated that in the case of using oxidates for intensive water saturation with
oxygen it was possible to attain a few hundred per cent saturation at a very low
cost. It can be concluded from the paper by Golidov and Popova (1978) that oversa
turation with oxygen of even a few hundred per cent (more than 40 mg O/dcm3) did
not limit development of carp larvae. Similar conclusions were presented by
Ostroumova (1969) who studied rllte of growth of rainbow trout larvae in highly oversa
tur�ted water (about 300% saturation). Chiba (1966) and Klajstorin (1982) qualified
water saturation with oxygen of 43.0 and 60.6% i.e. as that attained in the basins no. 2
and 3 as required conditions for normal commercial carp breeding.
Unsatisfactory oxygen conditions were observed in the basin no. 1, in which water
saturation with oxygen was 23.1% on the average. These conditions were defined as
critical. They resulted decreased food uptake by the fish, breathing difficulties,
noticeable inhibition of growth rate. Satisfactory fish survial (88.5%) in these condi·
tion was due to the fact that cyprinid fishes are more able to use atmospheric air for
breathing than other fish such as salmonids {Kraiem and Pattee 1980). Alekseenko
(1981) observed growth rate of grass carp larvae in 30 ° C at 22-32% saturation with
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oxygen and found that insufficient oxygen levels inhibited fish growth. The results
obtained by this author correspond to critical oxygen conditions for carp larvae.

CONCLUSIONS
Levels of water saturation with oxygen in the case of rearing carp larvae in con
stant temperature 33.1 ± 0.3 ° C amounted to: optimal one - over 96%, up to 168%
(for the range 70-211%), the lowest required one - over 43% (for the range 38-75%),
critical one - 23% (for the range 17-33%).
Higher saturation with oxygen, 266% on the average (range 233-283%) lowered
fish condition, although growth rate of the biomass remained optimal. The effects of
fish rearing in these conditions might have benn caused by mechanical factor, i.e.
increased water current in the experimental basins.
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Michal WOZNIEWSKI
OKRESLENIE WARUNKOW TLENOWYCH W PODCHOWYWANIU WYLJ;;GU KARPIA
(CYPRINUS CARPIO L.)
STRESZCZENIE
Przedstawiono wyniki badan dotyczQce proby okreslenia warunkow tlenowych w podchowaniu wyl�gu
karpia (Cyprinus carpio L.). Do doswiadczen uzyto jednorodnego 3-dniowego wyl�gu karpia o sredniej masie
1,7 ± 0,2 mg i dlugosci calkowitej 6,6 ± 0,2 mm, ktorym obsadzono 7 basenow przeplywowych. Obsada
3
kazdego z basenow byla taka sama i wynosila 10 sztuk ryb na 1 dcm wody. Temperatur� wody utrzymywa
°
no na stalym poziomie 33,1 ± 0,3 C. Nasycenie wody tlenem w poszczegolnych basenach bylo rozne i wy·
nosilo od 23,1 do 266,4%. Ryby karmiono zooplanktonem "ad libitum". Doswiadczenie trwalo 7 dni (rys. 1).
Koncowe srednie masy ryb oraz wspolczynniki kondycji Fultona z poszczegolnych basenow porownano
testem statycznym Duncana. Na tej podstawie okreslono optimum wzrostu ryb z basenow, gdzie nasycenie
wody tlenem wnosilo 96,1 ± 21,4, 119,6 ± 21,1 i 167,6 ± 17,0%. Okreslono rowniez zakres wymaganych
nasycen wody tlenem wynosz11cy 42,0 ± 6,0% i 61,6 ± 11,2% oraz poziomow krytycznych 23,1 ± 4,3%.
Stosowanie wysokich nasycen wody tlenem na poziomie 266,4 ± 16,0% zapewnilo dobre tempo wzrostu,
ale wplyn�lo na obnizenie wspolczynnika kondycji podchowywanego wyl�gu karpia.
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