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ABSTRACT. Intensive initial rearing of European catfish (Silurus glanis) larvae was carried out. Ini-

tial densities of the fish were: 10, 15, 20, and 25 ind./dm3. The fish grew faster at lower densities. Ave-

rage final individual body weights of the fish were: 1.71, 1.55, 1.42, and 1.27 g, and average body

lengths (Lt): 5.60, 5.56, 5.51, and 5.30 mm, respectively. Survival was high and similar in all experi-

mental groups (74.5-83.7%). The highest catfish production of initial stock number 1000 ind. was ob-

tained at the lowest stocking density (10 ind./dm3). It was equal to 1.35 kg/m3. In all remaining gro-

ups: of 15, 20, and 25 ind./dm3 production was lower by: 17% (1.15 kg/m3), 13.8% (1.19 kg/m3), and

28.6% (1.05 kg/m3).

All tested stocking densities (10-25 ind./dm3), and method of rearing used in the experiment are appli-

cable to commercial conditions, but the period of rearing at higher densities (20-25 ind./dm3) should be

limited to 12-14 days due to considerable decrease of fish condition.
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INTRODUCTION

European catfish has become popular in Poland as an additional fish in carp
ponds, and reared in polyculture with cyprinid fish. Possibilities of such polyculture
were described by Wiœniewolski (1989). Recently some successful attempts of rearing
catfish have been done under controlled conditions, using artificial feed (Heymann
1990, Koz³owski et al. 1995, Wolnicki 1995, Kamiñski, Wolnicki 1996, Wolnicki, Sta-

rzonek 1996, Hamackova et al. 1997), or mixed food – artificial feed and natural food
(Wiœniewolski 1989, Ziebarth 1991, Hamackova et al. 1992, Mejza et al. 1993, Koz³ow-

ski et al. 1995). Artificial feeds were also useful in commercial-scale rearing of Europe-

an catfish larvae (Wiœniewolski 1989, Ziebarth 1991, Mejza et al. 1993, Ko³dras et al.
1994, Kamiñski, Wolnicki 1996). Stocking density seems one of the most important
factors affecting the results of catfish rearing. In numerous studies various stocking
densities were applied: from low - 3-10 ind./dm3 (Szlamiñska 1986, Kamiñski, Wol-

nicki 1996), to high – 100 ind./dm3 (Wiœniewolski 1989, Koz³owski et al. 1995), or
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even 120-150 ind./dm3 when reared on live food (Mares, Kouril 1988). The results ob-
tained by various authors cannot be, however, compared due to different conditions
(water temperature, way of feeding and type of food, duration of rearing etc.). Thus,
an experiment was performed in the Experimental Fish Hatchery „Dga³” to study the
effect of initial stocking density (from 10 to 25 ind./dm3) on the results of intensive re-
aring of European catfish larvae under controlled conditions.

MATERIAL AND METHODS

European catfish larvae were reared under controlled conditions, at a semi-com-
mercial scale, in 500 dm3 tanks (2*1*0.5 m, at water level 0.25 m), with water recircula-
tion and purification system. Water flow was maintained so that the oxygen level wo-
uld not drop below 5 mg/dm3. Water temperature and oxygen level at the water out-
let were measured daily. Chemical analyses of water: ammonium nitrogen (N-NH4),
nitrite nitrogen (N-NO2), and pH were performed every 2-3 days. The fish were kept
in darkness.

Each tank was stocked with European catfish larvae aged 5 days (L.t. = 10.8 mm, w0

= 14.9 mg) with the yolk sac still present. The fish were divided into 4 groups of various
stocking density: 10 (group A), 15 (group B), 20 (group C), and 25 ind./dm3 (group D),
two replicates each. The fish were reared at 26.3±1.8oC, and fed trout starter (Aller
Molle Krystal 3600) containing 53% of crude protein, and 12% of crude fat. The feed
was supplied 22 hours a day using conveyor feeders. Daily feeding rate was equal to
30% of fish weight at the beginning of rearing, and from the third day on this amount
was increased every 2 days by 50%. The fish were fed ad libitum in all groups. Additio-

nally, until 12-th day of rearing, the fish were supplied twice a day with frozen zoo-

plankton (stored at –18oC for 1-3 months), at constant rate of 3 g per every 1000 fish.

The tanks were cleaned twice a day, and dead fish were counted and removed.
Every 3 days the fish were bathed in formaldehyde solution (200 mg/dm3) for 20
minutes, and on 7 and 14 day in chloramine B solution (50 mg/dm3) for 30 minutes.

The experiment lasted 16 days. Before the beginning of feeding, a sample of 50
fish was taken and preserved in 4% formaldehyde solution. The fish were also sam-

pled after 7, 10, and 13 days of rearing (35 individuals from each tank), and preserved
in the same way. After the end of the experiment, the fish were counted, and 50 indi-

viduals from each tank were weighed and measured (anaesthetised using 2-pheno-

xyethanol), with 0.001 g and 0.01 cm accuracy.
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Food conversion rate (FCR), specific growth rate (SGR), and condition (K) coeffi-
cients were calculated according to the formulas:

FCR = P � (Bk – B0)
-1

,

where:

P - amount of consumed food [g],

Bk – final fish biomass [g],

B0 – initial fish biomass [g].

SGR = (ln wk – ln w0) � 100% � t
-1

,

where:

wk – final individual body weight [g],

w0 – initial individual body weight [g],

t – duration of the experiment [days].

K = 100 � W � L
-3

,

where:

W - individual body weight [g],

L – total body length (L.t.) [cm].

The differences among the groups were tested using analysis of variance (ANO-
VA in STAGRAPHICS 4.2), at p<0.05.

RESULTS

During the experiment N-NH4 concentration ranged from 0.03-0.35 mg/dm3,
N-NO2 – from 0.01 to 0.05 mg/dm3, and water pH – from 7.3 to 8.1, not exceeding va-

lues accepted for cyprinid fish rearing (Kruger, Niewiadomska-Kruger 1990). On the

11-th day of rearing, the fish were invaded by Ichthyobodo necatrix. The invaded fish
were immersed in 200 mg/dm3 formaldehyde solution and in 1% solution of Na Cl,
for 20 minutes in each of them.

Dynamics of average body weights in all experimental groups after 7, 10, 13 and
16 days is shown in Fig. 1, dynamics of fish body lengths – in Fig. 2, and changes of
condition coefficient – in Fig. 3.

The final results of rearing of catfish larvae are summarised in Tab. I. Maximum
average individual body weight, total length, condition coefficients, and specific
growth rate were obtained by the fish of A group, and the lowest values were obser-
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Fig. 1. Increase of average body weight (W) of catfish larvae after 7, 10, 13, and 16 days of rearing at various
densities A – 10 ind./dm3, B – 15 ind./dm3, C – 20 ind./dm3, D – 25 ind./dm3. The same letter index in-
dicates values that do not differ significantly (p<0.05)
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Fig. 2. Increase of average total body length (L.t.) of catfish larvae after 7, 10, 13, and 16 days of rearing at
various densities A – 10 ind./dm3, B – 15 ind./dm3, C – 20 ind./dm3, D – 25 ind./dm3. The same letter
index indicates values that do not differ significantly (p<0.05)



ved in group D (Tab. I). Statistically significant differences of body weight were ob-
served between A and B, C, D groups, and between B and D (Fig. 1). No differences
were found between B and C, and between C and D groups. Final body length of fish
differed significantly only between A, B, C and D group (Fig. 2).

TABLE I

Final results of 16- day rearing of European catfish larvae at various initial stocking densities
(standard deviation in parentheses). Initial fish densities are given in brackets

(ind./dm3) under the group symbol

Group
W L.t. K SGR FCR

Survival [%]
[g] [cm] [g/cm3] [%/dzieñ] [g/g]

A 1.71 5.60 0.96 29.4 a 0.45 79.0 a

[10] (�0.52) (�0.51) (�0.17) (�1.9) 76.5-81.6

B 1.55 5.56 0.90 28.9 ab 0.50 74.5 a

[15] (�0.37) (�0.44) (�0.14) (�1.7) 70.1-78.9

C 1.42 5.51 0.84 28.3 b 0.47 83.7 a

[20] (�0.35) (�0.46) (�0.08) (�1.6) 81.9-85.4

D 1.27 5.30 0.84 27.6 c 0.55 82.7 a

[25] (�0.34) (�0.52) (�0.07) (�1.8) 79.4-86.1

Data in columns having the same superscipt do not differ in a significant way (P < 0.05)
W - average body weight
L.t. - mean total length
K - condition factor
SGR - specific growth rate
FCR - food conversion rate

Condition coefficients were significantly different (p<0.05) already after 13 days
of rearing: group A differed from B, C, and D, B and C differed from D (Tab. I).

The lowest value of food conversion coefficient (0.45) was noted in group A, and
the highest (0.55) in group D (Tab. I).

Survival of fish was high in all experimental groups (Tab. I), and mortality was
low during fish rearing, except one tank of group B (30%), where strong invasion of

Ichthyobodo necatrix was observed (Fig. 4).

Mortality increased between 4 and 7, and 11 and 15 day of rearing in all groups
(Fig. 4). In the first case mortalities probably took place amongst the individuals un-

able to feed, or showing body malformations. The second mortality peak was caused

by Ichthyobodo invasion.
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Fig. 3. Changes of condition coefficient (K) of catfish larvae after 7, 10, 13, and 16 days of rearing at various
densities A – 10 ind./dm3, B – 15 ind./dm3, C – 20 ind./dm3, D – 25 ind./dm3. The same letter index in-
dicates values that do not differ significantly (p<0.05)
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Fig. 4. Mortality of catfish larvae during 16 days of rearing at various densities A – 10 ind./dm3, B – 15
ind./dm3, C – 20 ind./dm3, D – 25 ind./dm3



Catfish production at the initial number of 1000 larvae was the highest in the
group of the lowest stocking density 10 ind./dm4 – 1.35 kg/m3 (Fig. 5). In all other
groups of stocking densities: 15, 20, and 25 ind./dm3 , production was lower by: 17%
(1.15 kg/m3), 13.8% (1.19 kg/m3), and 28.6% (1.05 kg/m3), respectively.

DISCUSSION

The results of the experiment showed that European catfish grew better at lower
initial stocking densities. Final individual body weight of fish reared in density of 10
ind./dm3 was 10% higher compared to the fish from group of 15 ind./dm3. It was al-

so 19.5% higher than in group of 20 ind./dm3, and 34.6% higher than at 25 ind./dm3.
Despite considerable differences, the fish growth even at the highest density of 25
ind./dm3 (average body weight 1.27 g, average total body length 5.3 cm) was similar
or better compared to the results obtained by other authors who fed catfish in a simi-

lar way. For example, Ziebarth (1991) who reared catfish larvae on mixed food contai-

ning trout starter, live and frozen zooplankton, at 24oC and initial stocking density of
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Fig. 5. Production of catfish fry (kg/m3) obtained from 1000 individuals after 16 days of intensive rearing at
various initial stocking densities (ind./dm3). Standard deviation given at the top of the bars.



30 ind./dm3 (from day 6 – 10 ind./dm3), obtained catfish of 0.4-1.2 g after 15 days of
rearing. Wiœniewolski (1989) after 28 days of rearing at 21.3oC, on trout starters and
zooplankton, at initial stocking density 87-100 ind./dm3, obtained catfish fry of
0.14-0.21 g, and 2.8-3.0 cm. Koz³owski et al. (1995), after 21 days of rearing (initial stoc-
king density 100 ind./dm3), at 24oC, obtained fish of 0.34 g on mixed diet of decapsu-
lated brine shrimp cysts and trout starter.

Survival of catfish larvae after 16 days of rearing (74.5-83.7%) was also similar to
the values obtained by other authors on natural food, artificial feed, or mixed diet
(Kouril et al. 1984, Toth, Papp 1986, Mares, Kouril 1988, Wiœniewolski 1989, Heymann
1990, Ziebarth 1991, Hamackova et al 1992, Mejza et al. 1993, Koz³owski et al. 1995,
Kamiñski, Wolnicki 1996, Hamackova et al. 1997).

Higher initial densities (over 25 ind./dm3) in catfish rearing require further stud-
ies, as from the day 13 of rearing the differences of condition coefficients between the
groups of higher and lower densities increased considerably. This may indicate that
fish growth was density-limited.

CONCLUSIONS

� European catfish larvae grew faster at lower stocking densities.

� Production of catfish fry after 16 days of rearing (for 1000 individuals of initial

stock) was the highest in the group of lowest initial density – 10 ind./dm3 (1.35

kg/m3). In the remaining groups of initial density 15, 20 and 25 ind./dm3, pro-

duction was lower: by 17% (1.15 kg/m3), 13.8% (1.19 kg/m3), and 28.6% (1.05

kg/m3), respectively.

� Stocking density did not significantly affect the final fish survival which was

high in all experimental groups (74.5-83.7%).

� All stocking densities and the method of rearing used this study may be suc-

cessfully used on a commercial scale, but rearing at higher densities (20-25

ind./dm3) should be limited to 14-12 days due to the decrease of condition coef-

ficient.

REFERENCES

Hamackova J., Kouril J., Adamek Z., Vachta R., 1992 - Vliv pridavku mikrobiotika Streptococcus faecium M-74
ke krmivu na rust pludku sumce velkeho (Silurus glanis L.) - Bul. VURH Vodnany, 28 (1): 10-15.

158 D. ULIKOWSKI, I. BORKOWSKA



Hamackova J., Szlamiñska M., Kouril J., Kozak P., 1997 - ¯ywienie larw suma europejskiego pasz¹
sztuczn¹ w trzech temperaturach - Kom. Ryb., 3: 10-11.

Heymann A., 1990 - Intensivzucht des Welses (Silurus glanis) in Warmwasser mit Trockenfutter - Z. Bin-
nanfisch, 37 (12): 382-384.

Kaminski R., Wolnicki J., 1996 - Udany podchów wylêgu suma, Silurus glanis L., na paszy pstr¹gowej
w skali pó³technicznej - Kom. Ryb., 6: 4-6.

Ko³dras M., Mejza T., Mejza A., 1994 - Wylêganie ryb w warunkach sztucznych i naturalnych w obiekcie
doœwiadczalnym RZD Laskowa w Zatorze w 1994 roku - Kom. Ryb., 6: 11-12.

Kouril J., Machacek J., Skacelova O., 1984 - Odkrm raneho pludku sumce velkeho (Silurus glanis L.) tremi
ruznymi dietami - Bul. VURH Vodnany, 20 (2): 3-12.

Koz³owski J., Mamcarz A., Poczyczyñski P., Chybowski L., Jozsa V., 1995 - Rearing of European sheatfish
(Silurus glanis L.) larvae on diffrent dry and natural food - Larvi ‘95 - Fish & Shellfish Larviculture
Symposium, Gent, Belgium, 3-7. 09. 1995, European Aquaculture Society, Special Publication 24:
293-296.

Krüger A., Niewiadomska-Krüger D., 1990 - Dopuszczalne stê¿enia mineralnych zwi¹zków azotowych
w wodzie do chowu i hodowli ryb karpiowatych - Broszura IRS, nr 149.

Mares J., Kouril J., 1988 - Odchov raneho pludku sumce velkeho ve zlabach (Prehled) - Bul. VURH Vodna-
ny, 2: 20-27.

Mejza T., Ko³dras M., Mejza A., 1993 - Produkcja i podchów wylêgu suma w Rybackim Zak³adzie Do-
œwiadczalnym w Zatorze - Kom. Ryb., 6: 17-19.

Szlamiñska M., 1986 - Podchów suma w wodzie o podwy¿szonej temperaturze - Kom. Ryb., 6: 13.
Toth O. E., Papp G., Z., 1986 - Microencapsulated egg diets for wels (Silurus glanis L.) - Aquacultura Hunga-

rica, 5: 65-70.
Wiœniewolski W., 1989 - Zuchtmöglichkeiten des Welses in Teichen, in Polen - Roczniki Nauk Rolniczych

H-102 (1): 138-166.
Wolnicki J., 1995 - Ocena przydatnoœci pasz komercyjnych i cyst artemii w kontrolowanym podchowie wy-

lêgu suma, Silurus glanis L. - Kom. Ryb., 1: 11-12.
Wolnicki J., Starzonek I., 1996 - Mo¿liwoœci wykorzystania starterów pstr¹gowych i cyst artemii w kontro-

lowanym podchowie wylêgu suma, Silurus glanis L. - Kom. Ryb., 1: 21-24.
Ziebarth G., 1991 - Praktische Erfahrungen bei der Aufzucht von Welssetzlingen 1990 in der Kreislaufanla-

ge Eldenburg - Fischer & Teichwirt, 42 (10): 35.

STRESZCZENIE

WP£YW RÓ¯NEGO ZAGÊSZCZENIA POCZ¥TKOWEGO OBSAD NA WZROST LARW

SUMA EUROPEJSKIEGO (Silurus glanis L.) W CZASIE INTENSYWNEGO PODCHOWU

W WARUNKACH KONTROLOWANYCH

W skali pó³technicznej na obiegu z recyrkulacj¹ wody przeprowadzono 16-dniowy intensywny
podchów larw suma (Silurus glanis L.) przy zastosowaniu ró¿nych zagêszczeñ pocz¹tkowych obsad wy-
nosz¹cych: 10 szt./dcm3, 15 szt./dcm3, 20 szt./dcm3 i 25 szt./dcm3 wody. Larwy suma ¿ywiono przez 12
dni pokarmem mieszanym (granulat pstr¹gowy plus zooplankton mro¿ony), a nastêpnie samym granula-
tem pstr¹gowym. Paszê zadawano przez 22 godz./dobê. Œrednia temperatura wody w czasie podchowu
wynosi³a 26.3 �1.8�C. Stwierdzono szybszy wzrost ryb podchowywanych w ni¿szych zagêszczeniach ob-
sad. Uzyskano narybek suma o œredniej masie cia³a wynosz¹cej (odpowiednio do zagêszczeñ obsad): 1.71,
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1.55, 1.42 i 1.27 g i œredniej d³ugoœci ca³kowitej: 5.60, 5.56, 5.51 i 5.30 cm. Obliczono wspó³czynniki: kondycji
(0.96, 0.90, 0.84 i 0.84), dobowego przyrostu œredniej masy jednostkowej (29.4, 28.9, 28.3 i 27.6%/dzieñ)
i pokarmowe (0.45, 0.50, 0.47 i 0.55). Testowane zagêszczenia pocz¹tkowe obsad nie wykaza³y ich wp³ywu
na prze¿ywalnoœæ koñcow¹ ryb, która by³a wysoka i wyrównana we wszystkich grupach (74.5-83.7 %). Po
13 dniach podchowu nie stwierdzono statystycznie istotnych (P<0.05) ró¿nic we wzroœcie ryb, ale kondy-
cja ich w grupie o zagêszczeniu pocz¹tkowym obsad 25 szt./dcm3 by³a istotnie ni¿sza ni¿ kondycja ryb
z grup o zagêszczeniu pocz¹tkowym obsad 10-15 szt./dcm3. Produkcja narybku suma po 16 dniach inten-
sywnego podchowu w przeliczeniu na 1 m3 wody i 1000 sztuk obsadzonych larw by³a najwy¿sza w grupie
o najmniejszym zagêszczeniu pocz¹tkowym obsad, tj. 10 szt./dcm3 (1.35 kg). W pozosta³ych grupach
o zagêszczeniu pocz¹tkowym 15, 20 i 25 szt./dcm3 by³a ona ni¿sza odpowiednio o 17 % (1.15 kg), 13.8 %
(1.19 kg) i o 28.6 % (1.05 kg).

Wykorzystana metoda podchowu larw suma i testowane w przeprowadzonym doœwiadczeniu
zagêszczenia pocz¹tkowe obsad mog¹ byæ z powodzeniem stosowane w praktyce, ale okres podchowu
przy wy¿szych zagêszczeniach pocz¹tkowych (20-25 szt./dcm3) korzystnie jest skróciæ do 14-12 dni.
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