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ABSTRACT 

Richter, C.J.J., Viveen, W.J.A.R., Eding, E.H,, Sukkel, M., Rothuis, A.J., Van Hoof, M.F.P.M., 
Van Den Berg, F.G.J. and Van Oordt, P.G.W.J., 1987. The significance of photoperiodicity, 
water temperature and an inherent endogenous rhythm for the production of viable eggs by the 
African catfish, Clark gariepinus, kept in subtropical ponds in Israel and under Israeli and 
Dutch hatchery conditions. Aquaculture, 63: 169-185. 

A comparison was made between the fecundity of female African catfish, Clarias gariepinus, 
transferred from their natural habitat in Northern Israel to nearby fish ponds and an indoor 
hatchery respectively, and conspecifics reared and kept in an indoor hatchery in The Netherlands. 

The results indicate that an inherent endogenous rhythm rather than the natural light period- 
icity determines the cyclical changes in ovarian activity, and that this internal rhythm is deter- 
mined by environmental factors at an early stage of development. High water temperatures and 
the presence of males seem to enhance ovarisn activity and to shorten its resting period. The 
significance of gonadotropin secretion by the pituitary for the ovarian cycle is discussed. 

It is concluded that for propagation of C. gariepinus throughout the year, independent of the 
seasons, broodfish should be reared and kept in hatchery tanks at a water temperature of 25”C, 
with proper feeding, in the presence of males, and at any local light periodicity. 

INTRODUCTION 

The annual ovarian cycle of the African catfish ( Clarius guriepinw) can be 
divided into three periods (Van Den Hurk et al., 1986; Van Oordt et al., 1987)) 
i.e.: 
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(1) a prespawning period or period of full gametogenesis, during which the 
ovaries gradually enlarge, with concommitant formation of yolk-rich oo- 
cytes ( recrudescence of the ovary) ; 

(2) a spawning or breeding period, which includes maturation of postvitello- 
genie oocytes, ovulation and oviposition; 

(3) a postspawning or resting period, characterized by atresia of remaining 
follicles (regression of the ovary; Richter and Van Den Hurk, 1982) and 
previtellogenic oocytes in undeveloped ovaries. 

In ecological field studies by Ho11 (1966,1968), Thomas (1966)) Willoughby 
and Tweddle (1976)) Bruton (1979) and Babiker (1984) on the reproductive 
biology of the African catfish, the term breeding season often includes both 
the prespawning and the spawning period (Table 1) . In populations north of 
the equator the breeding season seems to be restricted to the period 
March-August, and in populations south of the equator to the period 
July-February. They all have in common that spawning begins with the onset 
of the rainy season. 

These field studies have led to the hypothesis that gametogenesis, or ovarian 
recrudescence, is controlled by photopheriod and water temperature, and that 
spawning is triggered by a combination of environmental factors such as a rise 
in water level and changes in the chemical composition of the water. 

The discontinuity of oogenensis and the presence of a resting period in the 
annual ovarian cycle has caused problems in reproducing the African catfish 
under pond conditions. The breeding stock used by Micha (1974) in the Cen- 
tral African Republic and by Hogendoorn and Wieme (1975) in the Came- 
roons originated from a wild population of the Ubangui River. The fish showed 
gametogenesis and spawning during the period July-October, and during that 
period could be spawned artificially by stripping, following an injection of ll- 
desoxycorticosterone-acetate (DOCA) or carp pituitary suspension (cPS) . 
With few exceptions, induction of spawning was difficult outside the natural 
breeding season, with small batches of infertile eggs (Micha, 1975). 

In 1976, larvae of African cattish were transported from the Cameroons 
(Hogendoorn and Wieme, 1975) to the hatchery of the Department of Fish 
Culture and Fisheries of the Agricultural University at Wageningen, The 
Netherlands. These fish were the ancestors of subsequent generations of 
broodfish, raised in Wageningen since that time. In 1982 and 1983, females 
from the Clurias population at Wageningen were crossed with males from the 
Clurias population in the Central African Republic in order to increase the 
genetic variance. Preliminary results of Richter and Van Den Hurk (1982) 
indicated that these fish can be spawned regularly for 3 months after reaching 
maturity. 

The aims of the present experiments are: 
(1) to evaluate the hypothesis that photoperiodicity and water temperature 

regulate the reproductive cycle of female Claris guriepinus, by studying 
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the effects of these environmental factors on female African catfish under 
pond and hatchery conditions; 

(2) to compare the annual changes in ovarian recrudescence, regression and 
sensitivity to spawning-inducing hormones in African catfish from the 
hatchery-reared population kept in indoor tanks at Wageningen, The 
Netherlands, with such annual changes in conspecifics from the Hula 
Nature Reserve in Northern Israel that were kept in outdoor fish ponds at 
the Intensive Fish Culture Station, Ginosar, Israel, and in indoor tanks at 
the Kinneret Limnolo~cal Laboratory, Tabgha, Israel. 

MATERIALS AND METHODS 

Experiment 1 

Pond experiments were carried out at the Intensive Fish Culture Station at 
Ginosar, Israel. 

Husbandry of broodstock 
Mature male and female Clurias guriepinw of unknown age and weighing 

about 1 kg were collected in the Hula Nature Reserve and Lake Kinneret from 
August until October 1981. They were transferred to two ponds of 20x 10x 1 
m at the Ginosar Intensive Fish Culture Station. One of the ponds was stocked 
with a mixed-sex group of 130 males and 130 females, the other with a mono- 
sex population of 256 females. The initial biomass in the ponds was 260 kg and 
242 kg respectively. The ponds were surrounded by a fence to prevent fish 
escaping. The animals were fed daily between 5 and 6 a.m. with a channel 
catfish pellet (crude protein 30%, Zemach, Israel) at a daily rate of 1% of their 
wet body weight. In winter the water inflow in the ponds was 1 l/s, and the O2 
concentration of the water, measured at the outlet at 5 a.m., was 6 ppm. During 
summer the water inflow was gradually increased in order to maintain the 
original O2 concentration. 

experimental design 
The experiments were carried out to study annual changes in ovarian devel- 

opment and sensitivity to the oocyte maturation-inducing corticosteroid de- 
oxycorticosterone-acetate (DOCA; Richter and Van Den Hurk, 1982) in 
broodfish taken from a natural population and maintained under sub-tropical 
conditions of light and temperature. 

The experiments lasted from May 1982 to August 1983. During that period 
the daylength was measured at the water surface, and the daily maximal and 
minimal temperatures at the bottom of the ponds. The data are given in Fig. 
1. 

At intervals of about 6 weeks, samples were collected at random from the 
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two ponds. Each sample consisted of four fish from the mono-sex group and 
two from the mixed-sex group for the determination of the stage of ovarian 
development, and ten fish from the mono-sex group and five fish from the 
mixed-sex group for measuring the ovarian sensitivity to DOCA. 

The gonadosomatic index [ GSI = ( ovary weight x 100) / (ovary weight + body 
weight) ] was used as a parameter for ovarian development. The pseudogona- 
dosomatic index [ PGSI= (weight of egg mass collected by strip- 
ping x 100) / (body weight before injection - weight of stripped eggs) ] was used 
as a parameter of the sensitivity to DOCA. For the DOCA-injection experi- 
ments, the fish were transferred to containers of ? 45 1. They were kept indi- 
vidually at 25’ C. After one day of starvation, they were injected with a single 
dose of 0.05 mg DOCA per gram body weight. The animals were stripped 14 h 
after injection. Shortly after stripping the fish were killed and disposed of. 

Experiment 2 

Hatchery experiments were carried out at the Kinneret Limnological Lab- 
oratory at Tabgha, Israel. 

Husbandry of broodstock 
Mature male and female C. gariepinus of unknown age and weighing about 

1 kg were collected in the Hula Nature Reserve during August 1982. A total of 
35 males and 85 females was transferred to the hatchery of the Kinneret Lim- 
nological Laboratory and kept in a flow-through tank of 800 1 at ? 25’ C. The 
water flow was 40 l/min, maintaining the 0’ concentration above 6 ppm. The 
fish were fed a channel catfish pellet (crude protein 30%, Zemach, Israel) at a 
daily rate of 0.5% of their wet body weight. 

Experimental design 
The experiments were carried out to study annual changes in ovarian devel- 

opment, in sensitivity to the oocyte maturation and ovulation-inducing cPS 
(Richter and Van Den Hurk, 1982)) and in fecundity, of broodfish, collected 
from a natural population and kept under sub-tropical light periodicity (Fig. 
2) and constant high temperatures. To that end, ten fish of the stock were 
randomly sampled and marked individually at the beginning of the experi- 
ments. These fish were used for measurements every 6-8 weeks, starting on 25 
November 1982. Due to accidental death of the experimental animals, the series 
of experiments was interrupted during summer 1983, and resumed with a new 
group of fish of the same tank stock on 5 October 1983. The second part of the 
series of experiments continued until 26 April 1984. 

Ovarian development was estimated by trying to collect eggs via a cannula, 
inserted into the oviduct, and by measuring for each fish the diameter of about 
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20 oocytes, collected in this way (Viveen et al., 1985 1. Eggs could only be col- 
lected from ovaries with abundant postvitellogenic oocytes. 

The number of fish ovulating after cPS administration and the PGSI were 
taken as parameters of the ovarian sensitivity to cPS. Each fish was injected 
with 4 mg cPS per gram wet body weight, and stripped 12 h later. Fecundity 
was expressed as the percentage of normal larvae hatching from the eggs. This 
percentage was calculated from the total number of eggs per gram and the 
number of normal larvae hatching from these eggs. 

Hatchery experiments were carried out at the Department of Fish Culture 
and Fisheries of the Agricultural University of Wageningen, The Netherlands. 

Husbandry of broodstock 
The broodfish of the experimental series 3 and 4 originated from eggs which 

hatched in November 1981 and May 1982, respectively. Techniques for egg 
incubation, and larval and fingerling rearing were used as described by Hogen- 
doorn (1980,198l) , and Viveen et al. (1985). Larvae and immature fish were 
kept under a light regime of the local daylight period, supplemented by artifi- 
cial light to a daily photoperiod of 12 h or more (Fig. 2). In these fish game- 
togenesis was completed when the animals had reached the age of 7 months. 

The broodfish were kept in flow-through tanks, containing 800 1 water at 
25 “C. The water flow was 15 l/min, maintaining the O2 concentration above 3 
ppm. In experiment 3 the animals were kept under the semi-natural Dutch 
light periodicity, also used for larvae and immature fish (Fig. 2 ) , and in exper- 
iment 4 under an artificial light periodicity, comparable to the normal light 
periodicity in Israel (Fig. 2). The fish were stocked in a mixed-sex group of 35 
males and 85 females. The average wet body weight of the fish in experiments 
3 and 4 was 600 g and 450 g, respectively. Those of experiment 3 were fed 
Trouvit no. 4 commercial trout pellets (crude protein 50%), and those of 
experiment 4 a channel catfish pellet (crude protein 30%) at a daily rate of 
0.5% of their wet body weight. Both types of pellets were compounded by Trouw 
International, The Netherlands. 

Experimental design 
Experiment 3 was carried out to study annual changes in ovarian develop- 

ment, in sensitivity to cPS and in induced egg production, in brood&h raised 
and kept in an indoor hatchery under semi-natural Dutch light periodicity and 
a constant high temperature. Experiment 4 ran parallel to experiment 2, and 
served to compare the effects of the experimental conditions in African catfish 
reared in the laboratory with those in conspecifics originating from the catfish 
population in the Hula Nature Reserve. Experiments 3 and 4 were carried out 
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with nine and eleven randomly sampled and marked females, respectively. The 
experimental procedure and parameters were the same as in experiment 2. 
Experiment 3 lasted from 2 December 1983 until 14 March 1984, and experi- 
ment 4 from 13 March 1983 until 28 March 1984. 

Statistics 

Correlations of light periodicity with both the mean diameter of the oocytes, 
collected before injection of the spawning-inducing hormone preparation, and 
the mean percentage of larvae hatching from the eggs, were analyzed with SPSS 
(Nie et al., 175), using the rank correlation test of Spearman. Correlation 
coefficients of the statistical analyses, with light periodicity as independent 
variable, and the diameter of the oocytes and the percentage of normal larvae 
as dependent variables, were calculated for the results of experiments 2,3 and 
4 (Table 2). 

RESULTS 

Experiment 1 

As follows from Fig. 1, in female African catfish collected in the Hula Nature 
Reserve, and kept in nearby outdoor fish ponds for more than half a year, the 
GSI rapidly increased in April and May, remained high from June until Sep- 
tember, decreased in September and October, and remained low from Novem- 
ber until March. 

The PGSI followed the same pattern, being maximal during the summer 
months. Eggs could not be obtained, however, by DOCA injections and strip- 
ping during the period January to April in the mixed-sex group and during the 
period November to May in the mono-sex group. This difference between the 
two groups coincided with a tendency towards a higher GSI and PGSI from 
May to August in the mixed-sex group. In both groups the changes in the GSI 
and PGSI followed the annual changes in daily photoperiod and water tem- 
perature. This indicates that ovarian recrudescence became apparent some 
time after the onset of the yearly increase in daylength and temperature, and 
ovarian regression some time after the beginning of the annual decrease in 
these two ambiental factors. 

Experiments 2-4 

In experiments 3 and 4, carried out in the hatchery at Wageningen, the lab- 
oratory-reared animals never failed to have oocytes that could be extracted by 
inserting a cannula into the oviduct, before administering cPS. In experiment 
2, oocytes could be obtained from eight or more out of ten catfish from the 
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EXPERIMENT 1 
TEMPERATURE (*C) 

DAYLIGHT(H) 

MONO-SEX POPULATI~ 

ki GSKN=4) 

jj PGSI(N=lO) 

I mean + SD 

2% 
5 

MIXED-SEX POPULATI~ 

1982 1983 
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Hula Nature Reserve, kept in the hatchery at Tabgha, throughout the year, 
except in late autumn. Indeed, in the November samples, only four out of ten 
animals could be used for measuring the diameter of the oocytes. 

In all three experiments the diameter of the oocytes ranged between 1.1 and 
1.5 mm (Fig. 2) without showing a clear annual cycle and a significant corre- 
lation with light periodicity. A significant positive correlation (PC 0.01) was 
observed, however, in the second half of experiment 2, but not in the first half 
of that experiment (Table 2). 

In the fish reared at Wageningen, the sensitivity to cPS, as reflected by the 
PGSI, ranged between 9.0 and 15.1% in experiment 3, and between 4.8 and 
13.0% in experiment 4 (Fig. 2). 

Under conditions comparable to those of experiment 4, the fish from the 
Hula Nature Reserve showed a low PGSI, ranging between 0.7 and 6.0 under 
natural short-day conditions from October to February, and a considerably 
higher PCS1 of 13.0 to 22.6 under natural long-day conditions from April to 
June (Fig. 2). A similar simultaneous trend was not found in experiments 3 
and 4. 

The percentage of normal larvae hatching from the eggs obtained by inject- 
ing female catfish with cPS, ranged between 75.5 and 85.9% in experiment 3, 
and between 50.9 and 67.2% in experimennt 4. It did not show any significant 
correlation with light periodicity ( Table 2 ) . In experiment 2 the percentage of 
normal larvae was relatively high, i.e. between 73.9 and 90.8% from January 
to June, and much lower, i.e. 54.7 and 35.7% in October and November, respec- 
tively (Fig. 2). The percentage of normal larvae showed a positive correlation 
(P < 0.05) with light periodicity in the first half of experiment 2 (Table 2 ) . 

DISCUSSION 

Females from the natural population of African catfish, C&a-s guriepinus, 
in the Hula Nature Reserve (Northern Israel f show a reproductive cycle con- 
sisting of three successive period {Van Den Hurk et al., 1986; Van Oordt et al., 
198’7). As follows from the annual changes in GSI and PGSI, these periods can 
also be recognized in females from the same population, kept in a nearby out- 
door fish pond, together with male conspecifics. There are some differences, 
probably connected with the absence of spontaneous breeding behaviour and 
spawning in the pond animals. Confinement does not seem to affect the rela- 
tive weight of the ovaries, but has some influence on cyclical changes, both the 

Fig. 1. Seasonal changes in gonadosomatic index ( GSI ) and in pseudogonadosomatic index (PGSI) , 
resulting from the injection of deoxycortieosterone-acetate (DOCA ) and stripping, in female Afri- 
can catfish, kept in fish ponds. N = number of broodfish per sample. For each sample the number 
of fish that produced eggs after DOCA a~in~tration and stripping is given above the standard 
deviation (SD) of its PGSI bar. 
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EXPERIMENT 2 
DAYLIGHT(H) 

10 

0 

EXPEFWENT 3 
DAYLIGHT(H) 

15r 

SEMI-NATURAL DUTCH LIGHT PERIODICITY m 
artificial light/ nat”ra’ light\ 

LA.____!____ _______________-_______-_-_ _________L 
10 ,, I,, , , , , , , ‘, , , 

ARTIFICIAL ISRAELI LIGHT PERIODICITY 

,~,~ 

normal larvae 

N D J FMAMJJASO 

1982 8 1983 

N D J F M A 

0 1984 0 missing ex~ri~ntal data 
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increase and decrease in GSI beginning about one month later than in nature. 
The main increase in GSI and PGSI was found in April-May, indicating that 
ovarian recrudescence took place between March and June, and not between 
February and May, as in the Hula Nature Reserve. Likewise, the major decrease 
in GSI and PGSI was observed in September and October, and not in July and 
August, as described for African catfish of the Hula Nature Reserve. It may be 
that the relatively early recrudescence of the ovary in the Hula Nature Reserve 
is caused by the high water temperature of shallow parts of the pools in which 
catfish were observed sun-bathing during day-time (Viveen, unpublished). 
Regression of the ovaries in the Hula Nature Reserve might be enhanced by 
unsatisfactory feeding conditions when the pools dried up in August (Van Den 
Hurk et al., 1986)) and - probably more important -by the evacuation of most 
postvitellogenic oocytes during the preceding spawning period. At any rate, 
the difference in ovarian cycle between the natural population and the mixed- 
sex group cannot be asribed to an influence of daylength. 

The mixed-sex and the mono-sex pond groups differed in GSI and PGSI 
from May to August, with somewhat higher values in the former. A more dis- 

TABLE 2 

Correlation coefficients of the rank correlation test of Spearman with light periodicity as inde- 
pendent variable, and mean oocyte diameter before induced spawning, and percentage of normal 
larvae after hatching, as dependent variables (In brackets the number of separate measurements 
per experiment ) 

Mean 
oocyte 
diameter 

Mean percentage 
of normal larvae 

Experiment 2 
first half 

second half 

Experiment 3 

Experiment 4 

0.1354 0.2554’ 

(601 (601 
0.3321” -0.1242 _ 

(60) (601 
- 0.0432 0.1390 

(105) (1061 
-0.1396 0.0293 

010) (100) 

“P-cO.05; “P<o.ol. 

Fig. 2. Seasonal changes in the diameter of oocytes, in pseudogonado~mati~ index ( PGSI ) result- 
ing from the injection of carp pituitary sus~~ion ( cPS) , and in percentage of healthy larvae 
hatching from the ovulated eggs. For each sample (experiment 2) the number of fish from whibh 
oocytes could be extracted is indicated above the standard deviation (SD ) of its oocytes diameter 
bar, and the number of fish responding to cPS is indicated above the SD of its PCS1 bar. In 
experiment 3 and 4 all fish could be used for measuring the diameter of the oocytes before induced 
ovulation, and all fish responded to cPS. 



tinct difference between the two groups, however, was observed in the length 
of the resting period, which in the mono-sex group lasted for 7 months, and in 
the mixed-sex group only 4 months. The presence of males seems to enhance 
ovarian recrudescence and to delay its regression, Under laboratory conditions 
at .Wageningen, Henken et al. (1987 ) could confirm the positive influence of 
males on the GSI of female C. guriepinus. This may indicate a role of male sex 
pheromones on follicle development and maintenance in the ovary. The ste- 
roid glucuronides produced by testes and seminal vesicle ( Lambert et al., 1986; 
Schoonen and Lambert, 1986a,b; Schoonen et al., 1987a,b,c; Resink et al., 
1987b) could have such a pheromonal function. 

Thus, it seems that husbandry conditions and the presence of males may 
influence the ovarian cycle of C. gurkpinw, but this cycle continues to follow 
the annual changes in daily photoperiod and water temperature, and remains 
discontinuous, even though in fish ponds oocyte maturation and ovulation 
remain absent. 

An important change could be realized by bringing the animals from the 
Hula Nature Reserve, not to outdoor ponds but to an indoor hatchery tank 
with a constant water temperature of 25’ C and a normal local photoperiodic- 
ity. The period during which oocytes could be obtained by inserting a cannula 
into the oviduct, and ovulation could be induced in almost all experimental 
animals by administering cPS, lasted from January until October. Even in 
November some animals appeared to have postvitellogeni~ oocytes in the ova- 
ries, although the viability of these oocytes was subnormal. This means that 
under conditions of constant high water temperatures, proper feeding, the 
presence of male conspecifics, and a normal photoperiodicity, large quantities 
of normal larvae can be obtained during at least 10 months of the year. It also 
implies that water temperature is a more important factor in regulating the 
ovarian cycle than daylength, although the close correlation between the annual 
changes in daylength and the percentage of normal larvae during the first half 
of the hatchery experiment at Tabgha could point to possible influences of the 
photoperiodicity on ovarian processes. 

The results of the experiments carried out in the hatchery at Wageningen 
under conditions of high water temperatures and a semi-natural Dutch light 
periodicity as well as an artificial Israeli light periodicity, however, did not 
confirm the hypothesis of an influence of daylength on processes leading to 
the production of postvitellogenic oocytes. The African catfish, reared at the 
Wageningen hatchery, showed a continuous ovarian cycle with fully grown 
oocytes that can be extracted by inserting a cannula into the oviduct, at all 
seasons. Likewise, eggs could be obtained by cPS administration and stripping 
throughout the experiments, and the percentage of healthy larvae showed very 
little fluctuation. Various parameters remained somewhat lower in the animals 
kept under an Israeli light regime than in those kept under a semi-natural 
Dutch light periodicity, but those differences are probably attribu~ble to the 



181 

lower initial body weight of the former group and the difference in protein 
content of the food, The overall conclusion from the experiments carried out 
at Wageningen seems to be that light periodicity does not influence the for- 
mation of numerous healthy postvitellogenic oocytes in C. guriepinus reared in 
indoor hatcheries. An independence from light periodicity with respect to ovar- 
ian recrudescence has also been described by Sudararaj and Sehgal (1970) and 
by Sundararaj and Vasal (1976) for the Indian catfish, Heteropneustes fossilis. 

In comparing the results of all four experiments, it appears that in C. garie- 
pinus constant high temperatures enhance the production of postvitellogenic 
oocytes and the PGSI, but do not entirely prevent the discontinuity of the 
ovarian cycle. In addition, changes in daylength do not seem to prevent a fad- 
ing of the cyclic character of ovarian processes. Continuity and discontinuity 
of the ovarian cycle seem to be determined by environmental factors prevailing 
during early stages of development. The fish used for the experiments in Israel 
and those studied in ecological field research (Table 1) had developed under 
natural circumstances of seasonal changes in climatic conditions and availa- 
bility of food; and they preserved an annual rhythmicity of ovarian processes. 
On the other hand, the fish used in The Netherlands had been raised in a 
hatchery at constant high water temperatures and ample food supply, and only 
the daylength changed with the seasons; and they showed a continuous ovarian 
cycle. Thus, it seems that in adult females from natural populations the ovar- 
ian cycle results primarily from an inherent circannual rhythm in the activity 
of internal factors, regulating ovarian processes. Such an endogenous rhythm 
can possibly be imprinted (e.g. by a periodic shortage of food) at an early stage 
of the ecological life cycle. 

As in almost all vertebrates, gonadal processes in catfish depend on gona- 
dotropic hormone (GTH), secreted by the pituitary gland. Resink et al. 
(1987a,c), however, observed that in feral African catfish a more or less con- 
stant low plasma level of GTH suffices for gametogenesis and the production 
of gonadal hormones. Sundararaj (1959,196O) and Rizkalla and Yoakim (1975) 
arrived at similar conclusions for the Indian catfish and the Nile catfish, S’yn- 
o~ont~ schaZl, respectively. It is only during the breeding period, immediately 
preceding oocyte maturation and ovulation, that in female African catfish the 
pituitary shows a brief but considerable secretion of GTH (Resink et al., 1987c). 
At the end of the breeding period, the gonadotropic cells enter a period of 
gradual regression (Peute et al., 1986; Vam Oordt et al., 1987)) but continue 
to secrete small amounts of GTH (Resink et al., 1987a), In laboratory-reared 
African catfish the GTH concentration is always low (De Leeuw et al., 1985a,b, 
1986,1987; Richter et al., 1987); sufficient for complete gametogenesis, includ- 
ing the formation of postvitellogenic oocytes, and the production of gonadal 
steroids, but not high enough for oocyte maturation and ovulation (Lambert 
and Van Den Hurk, 1982). 

The results of the present experiments demonstrate that under conditions 
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of high water temperatures, adequate feeding, the presence of male conspecif- 
its and different light regimes, the ovaries of G. guriepinus contain large quan- 
tities of normal postvitellogenic oocytes all the year round, especially when the 
animals have been reared in indoor hatcheries. It seems that the relatively low 
gonadotropic activity, necessary for the development and maintenance of ova- 
ries filled with postvitellogenic oocytes, is not influenced by seasonal changes 
in daylength. The absence of spontaneous breeding in African catfish trans- 
ferred from the Hula Nature Reserve to nearby fish ponds indicates that day- 
length is not the primary factor determining the prespawning GTH surge. 
Indeed, other environmental factors, such as a rise in the water level, leading 
to flooding of the shores of shallow lakes and pools in which African catfish 
live (Micha, 1974; Bruton, 1979; Van Den Hurk et al., 1986) seem to trigger a 
rise in GTH secretion by the pituitary. At the same time, sex pheromones may 
induce a GTH surge (Resink et al., 198713). 

Since a proper rise in water level is difficult to realize under husbandry con- 
ditions, and catfish sex pheromones are not yet available, the GTH surge, nec- 
essary for oocyte maturation and ovulation, has to be induced artificially. To 
that end GTH preparations can be administered, such as pituitary suspensions 
(Hogendoorn and Vismans, 1980; Richter and Van Den Hurk, 1982; Viveen et 
al., 1985) and human chorionic gonadotropin (HCG; Eding et al., 1982). As 
the pituitary of C. gariepinus, reared in the laboratory, contains large amounts 
of GTH (Peute et al., 1986)) induction of the release of endogenous GTH by 
the administration of pimozide or other anti-dopamine drugs in combination 
with an analogue of luteinizing hormone-releasing hormone (LHRHa) can 
also be used to induce oocyte maturation and ovulation (De Leeuw et al., 
1985a,b, 1987; Goos et al., 1987; Richter et al., 1987). 

In conclusion, for culturing C. guriepinus, and especially for propagation 
throughout the year independent of the seasons, the broodfish should prefer- 
ably be raised in a hatchery with high water temperatures (25°C or higher), 
in the presence of male conspecifics, and with ample feeding, in order to ensure 
a continuous production of viable eggs. The husbandry of broodfish and the 
methods used for artificial spawning are relatively simple (Viveen et al., 1985) 
and could be applied for increasing the production of C. guriepinus in Africa 
(Richter, 1976). 
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