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The paper describes studies on influence of various stock
densitics and tfoods ditfering in their chemical composition upon
growth of fishes kept in cages placed in the Dolna Odra power
station cooling waters.

INTR@DUCTION

In view of an urgent need to increase the freshwater fish production for the domestic
market, the attention has been drawn in recent years to the problem of the cooling waters
utilisation in fish cultures.

The perspectives of producing marketable fish, carp in particular, in those waters arc
considerable. According to Bogdanova (1976), the utilisation of the Kiriska power station
cooling waters to carp rearing allows to obtain 2500 t of marketable fish over a year.
Iskov (1977) estimates the present potential of commercial fish rearing in Soviet warm
waters at 100 000 t a ycar.

The favourable thermal conditions for rearing thermophilic fish in cooling waters
permit to obtain the effects unheard of in the classic carp cultures. The studies described
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by Titareva (1974) indicatc 100--200 kg/m® s a result possible to obtain; similar results
(175 kg/m™) were obtained by the rescurch team guided by Trzebiatowski et al. (1976).

In recent years, many countries’ (USSR, GDR) studies on fish n"éal‘ing in heated waters
have been focused mainly on a rational and cconomic fish feeding on quality granulated
foodstuffs. The results reported by Timosina (1976) and Strelcova et al. (1972) indicatc
to possiblities of obtaining, in.feeding carp, relatively lov feeding coefficients (2.3--3.8)
with a simultaneous utilisation of low-protein (26.5%).food.

Within the framework of studies on the utilisation of cooling waters in fish rearing,
experiments with rearing carp in the Dolna Odra power station cooling canal were
continued. The basic aim was set at following the influence of various stock densities and
of offering to fish various dicts differing in their protein content upon growth and output
of the cultures.

MATERIAL AND METHOD

The cxperiments were run in the Dolna Odra wower station cooling canal. The
experimental conditions and technical lay-out of the experiment are described in onc of
the previous papcers by the authors (Trzebiatowski et al., 1976). To rule out a possible
escape of fishes duc to a damage in the netting, the cages werc placed in 20 mm mesh
wire net cases. Each cage contained 3 m® of water.

Four variants of the experiments, three replicates each, were run (Table 1).

Table 1
The eksperimental design
Stock
Variant T s T Food
ind./m3 . ind./cage
I ) 100 300 Carp granulate
1 140 420 » ”»
It 180 540 »
! Y% 100 300 PP “Grower”
L

The experimental material consisted of 3780 juvenile carp individuals brought on
May 19, 1976 from the Lipiany Fish Farm. The fishes were in a good condition and
healthy.

The stocks varied from one experimental variants to another (Table 1). The fishes were
given two kinds of food: a PP ”Grower” granulated blend for piglings, produced by
”Bacutil”, Stargard and a granulate for carp, produced by the Stupsk Fish Farm
(Table 1). The chemical composition of various foods was diverse (Table 2).

The granule diameter in both types of food was 4.8 mm. The fishes werc fed every day
except Sundays, 6 -8 times a day at 1—1.5 hr intervals. A daily portion was 3, 6, and 3%
of fish weight in May 5 - July 22, July 23 — Septcmber 22 and Septcmber 23 -
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Table 2

Percentage chemical composition of carp food

Component determined PP ,,.Grower ™ Carp granulate

Raw prolein 16.9 31.7
Raw fat 3.3 8.1
Carbohydrates 63.8 43.2
Ash 4.6 8.7
Waler 11.4 8.3

October 15, respectively. Twice a week the Polfamix C vitamine mix (1% of daily food
portion) was added to the food.

DISCUSSION OFF THE RESULTS
Physico-chemical conditions in water during the period of the experiment

The results of physico-chemical analyses of water arc presented on graphs as weekly
means and their ranges. All the analyses were performed daily (except Sundays), in the
alternoon.

Weekly temperature means and their ranges of variation, presented in Fig. 1, were
calculated from recordings of a thermograph mounted on the platform. The data show
the temperature weekly changes to ragne within 19.6- 30.6°C, 14.8 and 32.0°C being the
extremal values. Maximum daily amplitudes reached 8.6°C.

" The mean oxygen saturation changed from 119% in the first few weeks to 71% in the
final period of the experiment (Fig. 2). This factor changed but a little from weck to
week. A significant decrease in the oxygen saturation of cooling waters was recorded only
in latc September when it dropped to 43% at the beginning of the week to rise
subscquently to 92.5% towards the end of the week. The causes.of so great a change in
the water oxygenation are difficult to determine due to the lack of any full-scale
hydrochemical analyses program. It can be only supposed that a load of ecffluents
containing strongly oxygen-absorbing compounds was rcleased into the canal at that time.
The water pH range was relatively narrow - 6.2 to 7.9 (Fig. 3).

Effects of fish culturing and feeding

The experiment was run over 148 days (May 5 - October 15, 1976); the fishes were
fed during 112 days. Control weighings were performed every third weck. Usually the
cxperimental variants yielded different results. i

In the variant 1, the fishes increased their individual weight 3.2 times, the mean daily
growth being 0.93%. A mean daily output was 10.4 kg/m?, 36.4 kg being the original
weight. Losses due to mortality amounted to 13 individuals, i.e., 4.3%.
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Fig. 1. Mean weekly values and ranges of water temperature in cooling canal.

The variant II produced similar results, the mean individual weight rising 3 times and
mean daily growth amounting to 0,90%. Losses due to mortality were lower and amounted
to 1.7% of the stock only (7 individuals). The output and original weight were
140.6 kg/m> and 46.7 kg, respectively.

In the variant III which had the largest stock the mean individual weight of carp
increased 2.8 times only. Also the lowest mean daily growth of 0.83% was obtained. In
spite of a considerable density of the stock in cages, the mortality rate was low, the losses
amounting to 1.3% of the stock. A highest output of 170.9 kg/m?® from the original stock
of 62.4 kg was harvested in this variant.

In the variant IV, when the fishes were fed with the ”Grower”, their mean individual
weight increase was similar to that obtained in the variant I11 (2.8 times). The mean
output was 34.7 kg/m® from the original stock of 95.9 kg; the daily individual growth
reached 0.85%. The losses were small (6 individuals, i.e., 2.0% of the stock).
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Fig. 2. Mean weekly values and ranges of water oxygen saturation in cooling canal
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Iig. 3. Mean weekly values and ranges of water pH in cooling canal.

The fish growth rate changed considerably, ranging, on the average, from 10 to 35% in
different variants of the experiment (IFig. 4). At the beginning, the growth was even null
in the variant I due to a low feeding activity of fishes, which was presumably caused by
septicacmia affecting almost cvery individual. The discase spread was stopped after
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Table 3

Result of experimental rearing of carp (C, 3)

Stock Total Weight Me;m Mean ind. Food Losses No of
. nd. . Feeding i ctock
S o ek weight | erowth i weight growth used in stock days
Variant ind.jcage weight o coelfi- of
cient N
ke/ kg/ ke/ ' feeding
start end cage* cage* g g ) cage™ ind. %

1 300 287 331.4 222.2 | 1154.7 790.7 3172 736.49 3.31 13 4.3 112
Il 420 413 421.8 281.7 {1021.3 687.7 306.1 930.53 3.30 7 1.7 112
111 540 533 S512.7 328.7 961.9 614.9 277.2 | 1135.78 3.45 7 1.3 112
v 300 294 287.8 183.5 987.9 631.9 282.1 614.10 3.35 6 2.0 112

e . . - 3 .
*cage working capacity o 3 m” of water
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2- 3 weeks by increasing the food vitamine content to 2%. Mortality was low in this
starting period, only 24 individuals being lost. A steady increase in the water temperature
promoted a fast growth of the fishes. Over the period from the last decade of July till the
first decade of September, the growth rate increased -markedly (to 35% in August), which
resulted from a daily food partion increase from 3 to 6% on one hand, and from an
incrcase in the mean water temperature to 25--30°C on the other. Over that period, the
water was well-oxygenated (90—-100% saturation).

At the final stage of the experiment, in view of a decrease in the water temperature
below 24°C and a poor feeding activity, it was found necessary to reduce the daily food
portion to 3%, which was accompanied by a fall in the fish growth rate to 12% on the
average and to 17% in the variant IV. ,

Another factor that was presumably responsible for the decrease in fish growth was
the food granule diameter. Too fine a food (4.8 mm) in relation to fish size as well asa
substantial amount of fishes in the cages (to 400 kg) resulted in the fishes throwing a part
of their food beyond the cage walls during intensive feeding. Because of that reason too,
feeding coefficients increased at that time to 3—4and more. The average individual
weights obtained in the course of the experiment point out that carp grew best in the
variant I, i.c., at the stock density of 100ind./m>, the lewest individual growth being
obtained in the variant I1I, with the cages being most densely stocked (180 ind./m?,
Table 3).

A comparison of various granulated foodstuffs used for feeding carp confirmed an
carlier presumption of a somewhat lower quality of the ”Grower”. It was confirmed by
different mean individual growths amounting to 978.9 g for fish kept on the ”Grower” as
opposed to 1154.7 g obtained when feeding the carp granulate, the mean original weights
of the two batches being 347.3 and 364.0 g, respectively (Fig. 5). When one, however,
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Iiig. 5. Mean individual weight growth ol carp ((‘2_ 1') in various experimental variants
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considers the fact that the "Grower” and the carp granulate contained 16.9 and 31.7% of
total protein, respectively, the differencc between the mean individual weights of 176.2 g
(18%) does not seem too large. The feeding coefficient obtained when using the
”Grower”, 3.35, was almost identical with that for the carp granulate (3.31).

Cheinical analyses of fish bodies performed after the completion of the experiment
showed the ”Grower” — fed carp to contain 16.8% of total protein and 6.5% of fat, while
the granulate-fed carp kept at the same stock density showed the respective protein and
fat contents of 18.8 and 6.2%. In the fishes kept at a density of 140 ind./m?, the analyses
showed clearly lower contents of the components analysed: 18.0% of total protein and
4.0% of fat. The data referred to indicate the stock density of affect the fish body
chemical composition in a slight way as opposed to the quality of food offered,
particulérly with respect to the total protein content (Tablc 4).

Table 4
Percentage contents of selected components in experimental tish flesh (percentage)

Experimental variant

1 11 v
Chemical
composition of fish flesh
Raw protein (Kjeldahl metod) 18.8 18.0 16.8
Fat (Soxhlet method) 6.2 4.0 6.5
Water (drying at 105°C) 77.4 78.4 77.4

CONCLUSIONS

1. Optimal stock densities for cage-rearing carp (C,_3) in cooling waters range within
100--140 ind./m?>.

2. A granule diameter of the granulated food should be gradually increased with fish
growth, which is one of the prerequisites for an economical utilisation of fish food.
3.-In an intensive rearing of carp in cooling waters, it is possible to usc foods of ca 20%
protein content. This indicates a possibility to manufacture much cheaper foods and

to utilisc their protein content in a much more economical way.
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Translated: mgi Tercsa Radzicjewska

WPELYW WILLKOSCI OBSAD I STOSOWANYCH PASZ
NA WZROST KARPI (K, _3) W WODZIE POCHLODNICZEJ

Streszezenie

ZatoZeniem pracy byto zbadanic wptywu réZnych gestosci obsad oraz Zywienia karpi (Ky_3)
paszami o zréznicowancj zawarto$ci biatka na wzrost i efcktywno$é ich chowu. Doswiadczenie
zostato przeprowadzone w okresic od 19.05. do 15.10.1976 r. W trzech picrwszych wariantach
doswiadczenia (1-111), przy obsadach (odpowiednio) 100, 140, 180 szt/m3 wody ryby Zywiono
granulatem o zawartosei 31,7% biatka ogdlnego, w wariancie IV za$, przy obsadzie 100 szt/m3 wody
ryby Zywiono granulatem o zawartosci 16,9% biatka ogdlnego.

Srednic tygodniowe wartosci trzech najwazniejszych czynnikéw fizykochemicznych wody w czasie
dos$wiadczenia ksztattowaty sie nastgpujaco: temperatura ]9,6—30,6°C,'nasycenic tlenem 71-119% i.
pH 6.2--7,9.

W poszezegdlnych wariantach doswiadczenia wartosci wspéfczynnikéw pokarmowych i wielo-
krotnosé srednich przyrostéw jednostkowych masy odpowiednio wynosita: 1--3,35 1 3,3; 11-3,30 i
30; 113,46 i 28; 1V—-3,35 i 2,8. W wariancie z najwigkszg obsadg (III) wydajnosé z lm‘..3 wody
wyniosta 170,9 kg ryby. .

Z pracy wynika, Ze najbardzicj optymalnc pod wzgledem liczbowym obsady karpi (K5 _3) przy
sadzowym ich wychowie w wodzie pochtodniczej powinny micsci¢ sie w granicach 120—140 szt/m3
wody. Jednoczesnie wykazano, Ze intensywny chéw karpi moze byé prowadzony przy stosowaniu
pasz granulowanych o zawartosci biatka ogdlnego ca 20%.

P. TweGATOBCKMU

BiAHVE [INIOTHOCTV. MOCAZKK I NPUMEHREMOI'O KOPMA
HA POCT KAPIA (KE-S) B OTPABOTAHHON OXIAKAKEE: B30LE

Pesnwue

lienbo paGOTH OHJO M3y4YEHME BIMAHUA Pa3NUYLOf MIAOTHOCTi (OC=44KM M KOp-—
MIeHUs1 Kapna (H2_3) KOpDMOM C pa3HHM COZepkaHueM Oelfa Ha pocT U 3dpexTus-
HOCTBH €r0 BHpaulMBaHWA. JKCIEPUMEHT OWJ NpOBEZLeH B nepumol ¢ 19,05, Z0
15.10.1976 r.
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B nepBHX TpEX BapuaHTax OnuTa (I-IIT) Mpu MIOTHOCTH NMOCAAKM COOTBET-
ctBeHHO 100, 140 u 180 wr/M” BOAW pHOY KOPMUJM TPaHYNWPOBAHHHM KODMOM  C
colepkaHuem 31,7% o6iuero 6esnka, B IV Xe BapuaHTe Npu MAOTHOCTU mocazkii 100
ity /M5 BOZH pHOY KODMUJYW TpPAHYJIMPOB8HHHWM KODMOM C COZEepkaHuem 16,9% olue-
r0 6€JKa.

CpenHeHenenbHHE BEMAUMHH TPEX BamHelWMX QU3UKO-XMMUUECKUX PAKTOPOB BO-
ZH BO BpEMs OKCNEpUMEHTA MNPEACTABIANNCH CHEAYOUUM 00pa3oM: TemnepaTypa
ﬂ9,6—3096009 HacHUleHe KWUCIIOpOAOM 71-119% u pH 6,2<7,9.

B oTzenBHNX BapuMaHTaX OMbITA BEJNNWYMHA KODMOBHX KO3QQUUMEHTOB ¥ MHOTOKPa-
THOCTD CpPEIHWUX yIEJBHHX NPUPOCTOB MACCH COCTaBjfAlla COOTBETCTBEHHO: I<3,35
n 3,305 I1 - 3,30 m 3,005 1III - 3,46 1 2,307 IV - 3,35 u 2,8 .

B BapuaHTe C HAaWGONBUEH MIOTHOCTHI mocanky (IIT) BHXOZ C 1 M~ COCTaBMI
170,,9 KT DHOH.

3 paGoTn cruenyeT, uTO HauGONE€ ONTUMAJIBHNE C KONMUYECTBEHHO# TOUKN 3pe~
HUA NJOTHOCTU NOCAZKN Kapna (KZ-B) Np¥ BHpalMBAHUM €T0 B CajkaXx C_0Tpalo-
TaHHOW OXnaxziweil BOLOH HON¥HH OHTH B IpaHuuax oT 120 1o 140 wT/M~ BOZb.
OnHOBPEMEHHO N0K33aHO, UTO MHTEHCUBHOE BHPA.UWBAHNUE Kapla MOXHO [POBOZUTH
C NpHUMEHEeHWEM TPAHYJIUPOBAHHOTO KOpMA C COJEpHaHMem OOCUEero Oelika OKOJIO 207
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