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ABSTRACT. Two experiments were carried out on European catfish larvae fed artificial feeds, in which

the effects of light and stocking density on fish growth and survival were studied. In experiment 1 the

fish were reared in illuminated (group A) or dark (group B) tanks, for 28 days, at 28oC, in water recircu-

lation system. The final average fish body length was 61.1 mm (A) and 62.0 mm (B), and body weight:

2265.5, and 2192.0 mg respectively. No statistically significant differences were observed (Chi-square

test, P<0.05). Total fish mortality reached 80.1% (A), and 69.3% (B), in which losses due to cannibalism

represented 53.7% and 43.7% respectively. Fish survival was 19.9% in group A and 30.7% in group B.

Statistically significant differences were observed between the groups.

In experiment 2, European catfish larvae were reared in 3 groups of different stocking density: 15 ind.

dm-3 (C), 25 ind. dm-3 (D), and 50 ind. dm-3 (E), for 21 days at 26oC, in water recirculation system. The fi-

nal average fish body length reached 21.4, 20.5, and 21.6 mm in C, D, and E groups respectively, and did

not significantly differ. Fish body weights were 88.3, 78.7 and 79.0 mg respectively, and the value for

group C was significantly higher compared to D and E (Chi-square test, P<0.05). Fish mortality was

43.6%, 51.1% and 72.9% in C, D, and E respectively, of this cannibalism represented 20.3, 22.9 and

36.2%. Survival was higher at lower stocking densities, and equal to: 56.4% (C), 48.9% (D), and 27.1%

(E). Mortality, survival and cannibalism were significantly lower in group E compared to C and D.
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INTRODUCTION

Success of rearing of freshwater fish larvae depends on many factors. The effect of
water temperature (McCormick et al. 1971, 1972, Hokanson 1977, Heming et al. 1982,
£uczyñski 1990) and food composition (D¹browski 1984, Poczyczyñski et al. 1990,
D¹browski, Culver 1991, Koz³owski et al. 1995) are most widely studied. There are lit-

tle data, however, on the effect of light and stocking density on the results of rearing,
except the most important commercial species, such as salmonid fish, common carp,
channel catfish, or tilapia.

The present study was undertaken to assess the influence of photoperiod and
stocking density on success of rearing of European catfish larvae.
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MATERIAL AND METHODS

EXPERIMENT 1

Feeding larvae of European catfish of average initial body weight 13.8±2 mg were
reared in 6 flow-through aquaria of 25 dm3 each, supplied with recirculated water of
28±1oC. The entire water volume in the tanks was exchanged every 20 minutes. The
fish were divided into two experimental groups, each in three replicates. Group A
was reared in the aquaria illuminated from 7:30 a.m. to 8:30 p.m.,using dispersed
light of 44 lx. Group B was kept in darkness (the tanks were lighted only for cleaning).
Initial stocking density was 600 ind. per tank (24 ind. dm-3). Fish feeding started im-
mediately after stocking. For the first 5 days the fish were fed mixed food (artificial
feed and decapsulated Artemia cysts). Later on, the larvae were given Danish com-
mercial trout pellets Aller Molle Krystal 3600. Food was supplied 5 times a day, at 3
hour intervals. Dead fish were counted and removed before each feeding. The
aquaria were cleaned manually twice a day (before the first and the last feeding), re-
moving non-consumed food and feces. The experiment lasted 28 days.

Every 7 days (on 7, 14, 21, and 28 day of the experiment) 20 fish were sampled
from each tank (60 individuals in each experimental group). They were anesthetized
using 2-phenoxyethanol, weighed with 1 mg accuracy, and measured with 0.1 mm
accuracy. After depuration, the fish were returned to the tanks. On the sampling
days, all live fish were counted and weekly loss due to cannibalism was calculated ac-
cording to the formula:

K = [P – (Z + M)] � 100%,

where:

K – victims of cannibalism (%)

P – number of fish at the beginning of the week (ind.)

Z – number of fish at the end of the week (ind.)

M – number of fish that died during the week (ind.)

The results on fish body weight and length, cumulative mortality, survival, and
cannibalism were analysed using Chi – square test.

Specific growth rate (SGR) was also calculated for various phases of rearing ac-

cording to the formula:

SGR
W W

t

ln ln2 1
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where:

W1 – initial average individual body weight (mg)

W2 – final average individual body weight (mg)

t – rearing duration (days)

EXPERIMENT 2

European catfish larvae of initial average body weight 16.8±1.5 mg were divided
into 3 experimental groups, each in 2 replicates. In group C the initial stocking density
was 15 ind. dm-3, and in groups D and E – 25 and 50 ind. dm-3 respectively (375, 625,
1250 fish per tank). The fish were reared in darkness, at 26±1oC, for 21 days.

The samples of 30 individuals from each tank (60 fish from each group) were
taken on 7, 14, and 21 day of rearing. The fish were fed exclusively trout pellets Aller
Molle Krystal 3600. Tank volume, water exchange rate, feeding and cleaning fre-
quency, sampling, and statistical analysis of the results were identical as in the experi-
ment 1.

Fish health was monitored during the rearing. Physico-chemical water parame-
ters (pH, DO and ammonia concentration) were measured daily.

RESULTS

EXPERIMENT 1

Average body weight and length (l. t.) of European catfish larvae obtained in the
experiment 1 are shown in Table 1. The length did not differ between the groups, and
at the end of rearing was equal to 61.1 mm and 62.0 mm in A and B group respec-

tively. Statistically significant differences in fish body weight were observed on 14
and 21 day of rearing; the fish kept in the darkness (B) were heavier than those from il-

luminated tanks. In the last week of rearing growth rate of the latter increased, and
the final fish weights did not significantly differ (Table 2), reaching 2265.5 mg (group
A) and 2192.0 mg (group B).

Specific growth rate (SGR) differed considerably in the successive weeks of rear-

ing (Table 2). The fastest growth was observed in the second week of the experiment
(25.30% a day in A group, and 27.88% in B), and the slowest – in the first week (6.66%
and 9.10% respectively). Average SGR for 28 days of rearing was 18.22% for group A
and 18.10% for B.
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“Natural” mortality (resulting from causes other than cannibalism) was higher in
group A, and reached 26.4 % at the end of the experiment, while it was 22.6 % in
group B (Fig. 1). Cannibalism was also more pronounced in illuminated tanks, reach-

ing 53.7% compared to 46.7% in dark tanks, and the difference was statistically signif-

icant. The final fish survival in group A (19.9%) was significantly lower than in group
B (30.7%) (Fig. 1). Higher, survival and higher growth rate resulted in higher fish bio-

mass in dark tanks (Table 1). The final total fish biomass was 819.8 g in group B and
only 405.5 g in group A.

EXPERIMENT 2

Average fish body weight and length (l. t.) of European catfish larvae in the exper-

iment 2 are shown in Table 3. Fish body length did not significantly differ, and
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TABLE 1

Average individual total body length and weight, and total biomass of fish in experiment 1. Standard
deviations in parentheses. Groups with the same denominator do not significantly differ in rows

(Chi-square test, P<0.05)

Day of
rearing

Group A (illuminated aquaria) Group B (dark aquaria)

Mean length
[mm]

Mean weight
[mg]

Total biomass
[g]

Mean length
[mm]

Mean weight
[mg]

Total biomass
[g]

7 13,0a
(1,1)

22,0b
(5,4)

32,1 14,1a
(1,2)

26,1b
(9,6)

38,3

14 22,3a
(3,1)

129,3b (121,0) 113,5 24,7a
(3,3)

183,8c
(94,5)

172,4

21 37,7a
(5,6)

585,7b (330,2) 239,6 41,2a
(4,5)

704,2c
(311,4)

419,0

28 61,1a
(9,6)

2265,5b
(1354,0)

405,5 62,0a
(8,2)

2192,0b
(1112,8)

819,8

TABLE 2

Specific growth rate – SGR (% per day) of European catfish larvae in various phases of rearing

Day of rearing

Experiment 1
Experimental group

Experiment 2
Experimental group

A B C D E

1 – 7 6,66 9,10 6,24 4,92 3,52
8 – 14 25,30 27,88 6,75 9,41 6,96

15 – 21 15,11 19,19 10,72 7,73 11,63
22 – 28 19,33 15,80 - - -
1 – 21 17,85 18,73 7,56 7,35 7,37
1 – 28 18,22 18,10 - - -



reached 21.4, 20.5, and 21.6 mm in groups C, D, and E respectively. Body weight in
group C (88.3 mg) was significantly higher (P<0.05) than in groups D and E (78.7 and
79.0 respectively).

TABLE 3

Average individual total body length and weight, and total biomass of fish in experiment 2. Standard
deviations in parentheses. Groups with the same denominator do not significantly differ in rows

(Chi-square test, P<0.05)

Day of
rearing

Group C (15 szt.�dm-3) Group D (25 szt.�dm-3) Group E (50 szt.�dm-3)

Mean length
[mm]

Mean weight
[mg]

Mean length
[mm]

Mean weight
[mg]

Mean length
[mm]

Mean weight
[mg]

7 14,4a
(0,5)

26,0bc
(3,5)

14,4a
(0,4)

23,7c
(2,6)

14,0a
(0,3)

21,5cd
(2,1)

14 18,2a
(1,3)

41,7b
(9,9)

18,1a
(1,0)

45,8b
(8,2)

17,5a
(1,1)

35,0c
(8,8)

21 21,4a
(1,7)

88,3b
(24,0)

20,5a
(2,0)

78,7c
(17,9)

21,6a
(2,1)

79,0c
(35,0)
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Fig. 1. Survival, natural mortality, and cannibalism level of European catfish in experiment 1.



Specific growth rate (SGR), similarly as in the experiment 1, was the lowest in the
first week of rearing, and the highest, except group D, in the third week (Table 2). SGR
values were less variable than in experiment 1. Growth was, however, much slower,
and equal to 7.56, 7.35 and 7.35% per day for the entire 21 day long period compared
to 17.5 and 18.73% over 21 days of the experiment 1 (Table 2).

Natural mortality of larvae at the end of the experiment reached 23.3% in group
C, 28.3% in D, and 36.7% in group E (Fig. 2). Fish loss caused by cannibalism was 20.3,
22.9, and 36.2% respectively. The final survival was directly related to the initial
stocking density. In group C (initial stocking density 15 ind. dm-3) 56.4% of the fish
survived, in group D (25 ind. dm-3) - 48.9%, and in group E (50 ind. dm-3) – only
27.1%. All three parameters were significantly lower in group E compared to C and D.

No infectious or parasitic diseases were observed in any experiment. Water qual-

ity met the requirements of European catfish juveniles (Voynarovich 1960).
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Fig. 2. Survival, natural mortality, and cannibalism level of European catfish in experiment 2.



DISCUSSION

The two experimental factors – light and stocking density - considerably affected
fish survival, while they had less influence over the fish growth. Differences in fish
survival among the experimental groups were mainly due to different level of canni-
balism.

In the first experiment cannibalism was 7% lower in case of fish reared in dark-
ness (group B) than in group A. Light caused aggressive behavior of fish, they
crowded at the bottom, near the walls, and in tank corners. The fish reared in dark-
ness were evenly dispersed in the entire water volume and did not crowd.

In the second experiment all fish were kept in darkness, and losses due to canni-
balism were lower than in the first experiment. In this experiment the level of canni-
balism was directly related to stocking density. Statistically significant differences
were also observed in natural mortality, which was indirectly related to aggressive
behavior of the fish. At higher stocking densities, the fish which captured prey were
immediately disturbed by other individuals trying to take it. Such behaviour re-
sulted in numerous injuries, and the wounded fish, although not eaten, usually
died. In natural waters, under conditions of feeding competition, cannibalism
among juveniles of the same year-class is considered a natural way of regulating
population density, especially in predatory fish (Loadman et al. 1986, Hecht,
Pienaar 1991). Cannibalism was also observed in many fish species reared under
controlled conditions, and fed to satiation (Chevalier 1973, Giles et al. 1986, Hecht,
Appelbaum 1986).

Cannibalism is not limited to predatory fish – it was also observed in juveniles of
such species as common carp, grass carp, and bighead carp (D¹browski, Poczy-

czyñski 1988, Van Damme et al. 1989, Hecht, Pienaar 1991). It was, however, never
noted in course of rearing coregonid or salmonid larvae. In the latter, cannibalism oc-

curred at fingerling stage (Hecht, Pienaar 1991). Thus, such behavior may be related
rather to initial size of the hatched larvae and their growth rate than to predatory or
non-predatory way of living of adult fish.

In fish, prey size is related to the mouth size, since prey is ingested without minc-

ing (D¹browski, Bardega 1984). Thus, in such fish as catfish or carp, producing rela-

tively small larvae of high growth rate (SGR up to 40% per day, or higher), individual
body size differentiates very early, and bigger fish are able to prey on smaller ones af-

ter several days from the beginning of rearing.
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In salmonid fish, which produce larger larvae, and specific growth rate is much
lower than in catfish or carps, cannibalism among the fish of the same year-class does
not occur or starts later, at the fingerling stage.

In case of coregonids (especially in white fish), the larvae are rather small but they
grow slowly, and their specific growth rate, even under optimum thermal and
trophic conditions, rarely exceeds 10-12% a day. In that group no larval cannibalism
was observed, either in fish reared on artificial feed or on natural food (Champigeulle,
Rojas Beltran 1990, Mamcarz et al. 1995, Koz³owski et al. 1996).

Cannibalism was more pronounced in the first experiment, when the catfish grew
faster. Similar results were obtained by Poczyczyñski et al. (unpublished) in the ex-
periment on European catfish reared under laboratory (slow growth) and intensive
(fast growth) conditions. In slow-growing (16% a day) group losses due to cannibal-
ism during 16 days were 5-7%, and in fast-growing group (42% a day) 15-20% of fish
were eaten in 13 days.

These data indicate that high specific growth rate is accompanied by lower fish
survival, mainly due to increased cannibalism. On the other hand, cannibalism may
be reduced by fish rearing in darkness, at stocking densities under 25 ind. dm-3.

In the second experiment, increase of fish body weight and length was lower than
in the similar periods of the first experiment. This resulted from at least two causes. In
the second experiment water temperature was lower by 2oC, and this must have af-
fected fish growth rate (McCormick et al. 1971, 1972, £uczyñski 1990). Moreover, in
the second experiment the fish were not fed Artemia cysts which were used in the first
experiment. According to Koz³owski et al. (1994), even small addition of natural food
may considerably improve catfish growth rate in the initial period of rearing.

Additionally, catfish growth rate in the second experiment might have been re-

duced due to high share of deformed larvae. Despite cautious selection, quality of
stocking material was probably lower than in the first experiment.
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STRESZCZENIE

WP£YW OŒWIETLENIA ZBIORNIKÓW I ZAGÊSZCZENIA OBSAD NA WYNIKI
PODCHOWU LARW SUMA EUROPEJSKIEGO (Silurus glanis L.)

Wykonano dwa eksperymenty na larwach suma europejskiego, badaj¹c wp³yw oœwietlenia
zbiorników i zagêszczenia obsad na efekty podchowu na paszy sztucznej.

W doœwiadczeniu pierwszym wylêg ¿eruj¹cy suma podchowywano w dwóch wariantach: grupê A w
zbiornikach oœwietlonych, grupê B w ciemnoœci. Podchów prowadzono przez 28 dni w temperaturze 28�C
w obiegu zamkniêtym. Koñcowe œrednie d³ugoœci ca³kowite ryb wynosi³y odpowiednio w grupach A i B:
61,1 i 62,0 mm, zaœ œrednie masy 2265,5 i 2192,0 mg. Pod wzglêdem tych parametrów nie stwierdzono
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istotnych statystycznie ró¿nic pomiêdzy grupami (test �-kwadrat, P<0,05). Œmiertelnoœæ obsad wynosi³a
w grupie A 80,1 zaœ w grupie B 69,3%, z czego ofiar¹ kanibalizmu pad³o odpowiednio 53,7 i 43,7%.
Prze¿ywalnoœæ obsad wynios³a w grupie A 19,9% i w grupie B 30,7%. Pod wzglêdem prze¿ywalnoœci
obsad i poziomu kanibalizmu wyst¹pi³y pomiêdzy grupami ró¿nice statystycznie istotne.

W doœwiadczeniu drugim wylêg ¿eruj¹cy suma podchowywano w trzech wariantach, ró¿ni¹cych siê
zagêszczeniem obsad: grupê C podchowywano w zagêszczeniu 15 szt.�dm-3, wobec 25 szt.�dm-3 i 50
szt.�dm-3 w grupach D i E. Podchów prowadzono przez 21 dni w temperaturze 26�C w obiegu
zamkniêtym. Koñcowe œrednie d³ugoœci ca³kowite ryb wynosi³y odpowiednio w grupach C, D i E: 21,4;
20,5 i 21,6 mm, zaœ œrednie masy: 88,3; 78,7 i 79,0 mg. Nie stwierdzono istotnych statystycznie ró¿nic
pomiêdzy grupami w œredniej d³ugoœci cia³a, natomiast œrednia masa ryb z grupy C by³a statystycznie
wiêksza ni¿ ryb z pozosta³ych grup (test �-kwadrat, P<0,05). Œmiertelnoœæ obsad wynosi³a w grupie C
43,6%, wobec 51,1 i 72,9% w grupach D i E, z czego ofiar¹ kanibalizmu pad³o odpowiednio 20,3; 22,9 i
36,2%. Prze¿ywalnoœæ obsad by³a tym wy¿sza im mniej liczebne by³y obsady pocz¹tkowe zbiorników: w
grupie C prze¿y³o 56,4% osobników, w grupie D 48,9% a w grupie E 27,1%. Pod wzglêdem prze¿ywalnoœci
obsad œmiertelnoœci i poziomu kanibalizmu grupy C i D ró¿ni³y siê statystycznie od grupy E.
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