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SUMMARY. 

In fish farms, hormonal induced ovulation and spermiation are commonly 
performed in carps and related species by hypophysation which consists of 
direct stimulation of the gonads by administration of crude carp pituitary 
homogenates. 

The use of synthetic hypothalamic hormones as luteinizing hormone re
leasing hormone analogues (LHRHa) seems promising. LHRHa administration is 
used routinely in China for different species of carps. However, LHRHa 
treatments are partially efficient in inducing ovulation in female common 
carp and furthermore, in chinese carps and tench, the latency of the ovula
tory response is delayed when compared to hypophysation. The use of LHRHa 
treatment combined with pimozide, a dopamine blocking agent,improves these 
two points. These trials are still at an experimental stage. 

This paper also reviews other techniques for inducing spawning and 
which are still at a research stage. 

RESUME, Ovulation et spermiation induites chez la carpe et les espèces voi
sines. 

La technique la plus couramment utilisée en pratique pour l'induction 
hormonale de l'ovulation et de la spermiation chez la carpe et les espèces 
voisines est l'hypophysation et consiste en la stimulation directe des gona
des par des extraits bruts hypophysaires. 

L'utilisation d'hormones synthétiques hypothalamiques induisant la dé
charge de l'hormone gonadotrope hypophysaire endogène tels des analogues du 
LHRH (luteinizing hormone releasing hormone LHRHa) semble prometteuse et est 
utilisée en routine en Chine pour différentes espèces de carpes. Cependant, 
d'une part ces hormones sont faiblement efficaces chez la carpe commune 
femelle et d'autre part elles entrainent une ovulation retardée par rapport 
à l'hypophysation chez les espèces telles que la carpe chinoise, la tanche. 
L'administration de LHRHa et de pimozide , facteur bloquant l'action de la 
dopamine (qui serait un inhibiteur de la décharge de GtH) améliore ces deux 
points. Ces essais sont encore au stade expérimental. 

D'autres techniques qui sont encore au stade de la recherche sont éga
lement revues. 
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INTRODUCTION 

Induced spawning is used in carp species which can mature but cannot 
spawn in captivity (major indian and chinese carp) as wel l as for those 
which can spawn when environmental required conditions are provided (common 
carp). However, in this latter case, occur rence and success of spontaneous 
spawning are aleatory and the use of induced spawning techniques allow fish 
farmers to optimize broodstock management by increasing t he quantity of pro
duced fry. 

Hormonally induced spawning is commonly used for carp and related spe
cies and the knowledge of endocrinology of reproduction is required to i m
prove the use of these techniques. Besides, the success of these techniques 
can be improved by manipulating environmental conditions (temperature, pho
toperiod, water quality, social factors). 

In the present paper we will review the different hormonal techniques 
used in carp and related species, including those which are routinely used 
as well as those which are still at an experimental stage. We will emphasize 
the hormonal changes that occur and the influence of environmental fac tors 
on their success. 

I - ENDOCRINOLOGY OF REPRODUCTION 

I n fish environmental stimuli are known to synchronize the rhythms of 
reproduction v i a the brain by neural processes. The transmission is then 
communicated by the endocrine system which is a link between these factors 
and the gonads. 

It is well established that the pituitary controls the activity of the 
gonads (review of PICKFORD a nd ATZ 1957) . In goldfish, hypophysectomy expe
riments have demonstrated the role of the pituita r y gland in vitellogenesis 
and meiosis (YAMAZAKI 1965), in spermatogenesis (BILLARD e t al. 1971) and in 
spawning behavior in female (STACEY 1976 ) . In carp two pituitary hormones 
have been characterized and purified : 

a gonadotropic hormon e (GtH) purified by BURZAWA- GERAR D 1971, active 
on spermatogenesis (BILLARD et al. 1970) and on oocyte ma t uration (JALABERT 
et al. 1973) in go ldfish via steroid synthesis. A GtH radio immunoassay has 
been developped a llowing the study of gonadotropin secretion du ring the 
sexual cyc le in different cyprinid species. 

a second gonadotropin has been isolated (IDLER and NG 1979 ) and is 
thought to be necessary for completion of vitellogenesis although this fact 
has been questionned (BURZAWA-GERARD 1982 ) . 

Pituitary activity is r egulated by the hypothalamus which is a part of 
the centra l nervous system. Functional evidence from lesioning studies has 
implicated the nuc leus l ateral tuberis (NLT) (PETER 1970) in a stimulatory 
regulation of GtH secretion via a gonadotropin releasing hormone (GnRH) . 
GnRH activity has been demonstrated in crude hypothalamic extracts i n c a rp 
both in vitro (BRETON et al. 1972a) and in v ivo (BRETON and WEIL 1973 ) . GtH 
release was also induced by mammalian GnRH (LHRH) in vivo in carp (BRETON 
and WEIL 1973, ANONYMOUS 1978) and in goldfish (CRIM et al. 1976 ) as well as 
by mamma lian superactive analogue ( PETER 1980) . Recently fish GnRH has been 
isolated from chum salmon hypothalami identified and synthesized (SHERWOOD 
et al . 1983) . This salmon GnRH has similar potency to native LHRH in vivo in 
goldfis h in terms of magnitude and duration of GtH response (PETER et al . 
1985). 
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Recently experiments of brain lesioning (PETER and PAULENCU 1980) have 
demonstrated the presence of a gonadotropin release-inhibiting factor (GRIF) 
in the anterior-ventral preoptic region. CHANG et PETER 1983a found that 
dopamine has GRIF activity in goldfish modulating spontaneous release of GtH 
as well as LHRHa-stimulated release of GtH. 

Finally, sexual steroids, which are under the control of GtH, act locally on 
the gonad to trigger gametogenesis. In the present paper we will focus on 
the regulation of the final aspects of oogenesis and spermatogenesis. Oocyte 
maturation (resumption of meiosis and structural and biochemical transforma
tions which develop simultaneously) is induced in vitro by carp pituitary 
extracts or carp gonadotropic hormone in goldfish (JALABERT et al. 1973, 
JALABERT 1976, EPLER et al. 1979) and in carp ( EPLER 1978, EPLER et al. 
1979, 1982a). These in vitro study techniques have shown that gonadotropic 
action of the pituitary is probably mediated by direct steroid action on 
oocyte maturation in goldfish and in carp. Progestins and particularly 17Œ
hydroxy, 20 S-dihydroprogesterone (17a 20 B OH P) are active in inducing matu
ration in goldfish (JALABERT et al. 1976) and in carp EPLER et al. (1980). 
Corticosteroids are also active in goldfish (JALABERT et al. 1973, JALABERT 
1976, EPLER et al. 1979) and in carp ( EPLER et al. 1980). Since cortisol 
increases the potency of carp pituitary extracts in in vitro goldfish matu
ration (JALABERT 1976), and desoxycorticosterone that of 17a 20 SOH P (EPLER 
et al. 1980) and that of carp hypophysial homogenate (EPLER et al. 1982b) in 
carp, it is evident that corticosteroids may have some synergistic action in 
the process of oocyte maturation. Other glands such as the thyroid may have 
a synergistic action in oocyte maturation as suggested by the results of 
EPLER and BIENIARZ (1983) in carp. Triiodothyronine (T3) influences positi
vely the maturational effect of gonadotropic and steroid hormones. Ovulation 
consists in follicular rupture and expulsion of the mature oocyte from the 
follicule. In goldfish ovulation was induced in vivo by prostaglandins 
(STACEY and PANDEY 1975) and in vitro in carp (EPLER 1978, EPLER et al. 
1985) as well as by adrenaline (EPLER 1978). The action of prostaglandins is 
temperature independant (EPLER et al. 1985) while in vivo ovulation is tem
perature dependant (HORVATH 1978). 

Spermiation in carp and related species _(thinning of the semen) is pi
tuitary dependant (CLEMENS and GRANT 1965). In goldfish hypophysectomy and 
replacement therapy studies indicate that spermiation seems to depend on 
androgen via GtH. Different steroids are active : 11-ketotestosterone, tes
tosterone, methyltestosterone, testosterone propionate, progesterone 
(reviewed in BILLARD et al. 1982). 

II - HORMONAL TECHNIQUES USED FOR INDUCING SPAWNING. 

The use of hormones to induce fish spawning has been reviewed many times and 
recent reviews dealing with this topic include those of CHAUDHURI (1976) 
HARVEY and HOAR (1979) and LAM (1982). 

A - Selection of breeders 

Induced spawning is always performed on mature animals and fully ripe 
animals are selected for treatments. 

Ripe males are selected based upon the possibility of collecting a 
small quantity of sperm by hand stripping. For females different criteria 
have been adopted and most depend upon external characteristics such as the 
swelling, softness and elasticity of the abdomen, colour and state of swel
ling of the cloacal region and body girth. However these are only rough in
dications of the stage of development of the ovary and attempts have been 
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made and must be made to improve the estimation of egg development. This 
implies firstly the use of a technique for egg sampling and secondly the 
determination of criteria for egg maturity. Samples of eggs can be obtained 
by aspiration either by inserting a tubing into the ovary through the geni
tal pore as described by CHEN et al. 1969 for chinese carp or by inserting a 
needle through the abdominal wall cavity as described by BIENARZ and EPLER 
1976 in common carp. Criteria of egg maturity used in carp are : the colour 
of the oocytes, their size or the position of the nucleus and the nucleolus 
after clearing the egg as described by BRZUSKA and BIENIARZ 1977. 

B - Administration of exogenous gonadotropins. 

1) Hypophysation. 
Hypophysation is the traditional method of induced fish breeding and is 

widely practiced with the major indian carp, chinese carp and the common 
carp. In these species it consists in the injection of homoplastic or hete -
roplastic pituitary extracts. However pituitaries collected from marine 
catfish have been used for indian carps (VARGHESE et al. 1975). 

Details of techniques employed in the collection, preservation of pi 
tuitaries and preparation of extracts have been presented in PICKFORD and 
ATZ 1957 and often reviewed (SHEHADEH 1975, CHAUDHURI 1976, HARVEY and HOAR 
1980, MARCEL 1980, ROTHBARD 1981 ). 

In summary the following dosages, expressed in mg of dry weight,are used: 
- common carp : In females 1 pituitary/kg is injected in two injections 

(equivalent to about 3mg/kg). The first injection or priming consists in 
1/10 of the dose, the remaining 9/10 are given in a second injection. For 
màles, 2mg/kg are given in one injection at the time of the second injection 
of females. 

- indian carp : the female is given a priming dose of 2-3mg/kg b.w. and 
after an interval of 4-6h a final dose of 5-8mg/kg b.w. At the time of the 
second injection males are given 2-3mg/kg b.w. 

chinese carp : 4 to 4.5mg/kg b.w. is given in two injections for fe
males, 2mg/kg b.w in one injection for males. A more precise determination 
of the dose can be made by estimating the gonadal status of the females. 
This is done by measuring the girth of the female in the deepest part of the 
body. A dose relative to the body girth is given and the diagram is reported 
in MARCEL 1980 and ROTHBARD 1981 . 

Hormonal profiles and oocyte evolution 

Results obtained on carp (ANONYMOUS 1978) and goldfish (STACEY et al. 
1979a) have shown that the periovulatory GtH surge is very brief during 
spontaneous ovulation. Classical hypophysation induces GtH increase of lon
ger dura tian i.e. 3-4 days ( JALABERT et al. 1977, FOSTIER et al. 1979, 
BIENIARZ et al. 1980). Priming dose induces a significant GtH increase one 
hour after the injection and then GtH levels continue to increase for 3 
hours and remain high during the next 12 hours (WEIL et al. 1980) . The 
massive pituitary dose (given as a second injection or as a single injec
tion) induces higher GtH levels (250-400ng/ml) which can last 3-4 days 
according the case as described by BIENIARZ et al. 1980. In fact these au
thors recorded high levels for 3 days in spawning fish and for 4 days in 
unspawned ones. This fact suggests that, following hypophysation, circula
ting gonadotropin levels may depend on the physiological conditions of the 
avaries and in the case of spawning the avaries can take up gonadotropin for 
maturation process. Priming dose induces shifting of the germinal vesicle 
towards to the micropile in responding and unresponsive fish whereas the 
second injection induces maturation and ovulation in responding fish and 
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resorbtion without maturation in the non responding ones (JALABERT et al . 
1977). 

Although ovaries are ready to spawn they are able to respond to a GtH 
stimulation since an increase in plasma estradiol (17B E2) is noticed when 
compared to levels before injection (FOSTIER et al. 1979 , WEIL et al . 1980, 
KIME and DOLBEN 1985). Serial samplings have shown that 17B E2 are low du
ring the first 3 hours following priming and then begin to increase 5 hours 
after the injection. Maximal values are attained 12 hours later (WEIL et al. 
1980). However mean 17 B E2 levels are not increased following the second 
injection (WEIL et al . 1980, KIME and DOLBEN 1985). Thi~ increase in 17 B E2 
might be due to the presence of vitellogenic oocytes since at the time of 
ovulation oocytes of all stages are present (BIENIARZ et al. 1977). The in
crease in 17 B E2 levels following priming is preceded by an increase in tes
tosterone which is consistent with a precursor product relationship. The 
second injection of pituitary extract did not lead to a massive increase in 
testosterone related to the increase in GtH but greater amounts of glucuro
nides were observed (KIME and DOLBEN 1985). 

Concerning progestins KIME and DOLBEN (1985) observed detectable levels 
of 17a hydroxyprogesterone (17a0H P) before injection and an increase after 
hypophysation. Peak height varied from 1 .6 to 13,3ng/ml and dropped rapidly 
after ovulation . On the other hand they observed no detectable levels of 17a 
20B OH P except in one fish. Levels were 1 ,08ng/ml at the time of ovulation 
and 0, 11 and 1 ,14ng/ml respectively 6 and 3 hours before ovulation. We must 
emphasize the fact that the treatment of hypophysation induced only partial 
ovulation in all the fish. In a work conducted in our laboratory blood 
samples were taken every 3 hours for 30 hours on 7 females submitted to hy
pophysa tion (100 µg/kg of partially purified carp GtH). Two fish have com
pletely ovulated, 2 partially and the remaining three have not ovulated. 
(fig. 1). 
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Figure 1 Plasma 17a 20$ OH P in female carp following hypophysation. 
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In the non ovulated fish, 17a 20 B OH P levels were low varyi ng between 
undetectable value and 0,5ng/ml. In the partially ovulated fish, a low rise 
in 17a 20B OH P was observed between 18 and 21 hours, followed by a decrease 
by 24 hours when ovulation was moni tored. On the other hand higher l e vels 
were monitored in ovulating fish but the highest value was 7ng/ml, value 
much lower than that one indicated by LEVAVI-ZERMO NSKY and YARON ( summary 
this volume). These authors report a dramatic (111ng/ml) but transient in
crease followed by GV breakdownn, corroborating the idea that 17a 20 B OH P 
is involved in oocyte maturation. Furthermore during spontaneous ovulation 
transient increase of different progestins (proges t erone, 17a OH P, 17a 20 B 
OH P) have been recently described in goldfish (KAGAWA et al. 1983 ) . Since 
these increases are transitory, higher values of 17a 20 B OH P may ha ve been 
attained between the sampling periods in our experiment. 

Hormonal profiles and spermiation 

In the literature, no data are available on circulating GtH a nd steroid 
levels following hypophysation. In a work conducted in our laboratory , 
(figure 2) plasma GtH, androgens and 11-ketotestosterone were moni tored 
every 3 hours for a 24 hour period following a single i njection of partially 
purified carp gonadotropin (lOOµg /kg). Collectable mi l t volume as well as 
spermatocrit were measured before the injection a nd 12 and 24 hours afte r 
the injection. 

Figure 2 

'b 12 

' - 8 
E 

80 oe 
0~~~ 10 ·5~ 

·- 4 ~ 60~ 
• o......__...,===,_.__,.~ ....... .....,~-r----,,.....-.---,,.........1..50 

22 
0 
El8 
"' 0 
a.14 

~ 10 

"' c: 6 
\;;: = 2 • 

0 3 6 9 12 15 18 21 24 
1 

GtH hrs post injection 

200 

0 
160 E 

"' 0 

120 Q. 

Ë 
80 ~ 

c: 

40 :r: 
(5 
0 

Hormonal changes and collected milt volume after hypophysation . 
x+s.e. n=8 

The treatment induce d a larg e increa se in GtH levels (64ng/ml) 3 and 6 hours 
after the injection . The levels decreased g radual ly from 9 to 24 hours t o 
reach 40ng/ml by 24 hours. These circulating levels are much higher than 
those described during spontaneous spawning (ANONYMOUS 1978) . 11 ketotes t os
terone levels followed the same profile than GtH with an increase the firs t 
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6 hours followed by a decrease to reach by 24 hours levels which are higher 
than those oberved just before the injection and those previously described 
for androgens (about 3ng/ml) in a study conducted all the year round with 
males held in a concrete tank and which released a small quantity of milt 
(WEIL 1981). After hypophysation collectable milt volume increased conside
rably during the 24 hour experimental period ( from 0, 190ml to 9, 5ml/ d' ) 

while spermatocrit was declining from 75 % to 53 % indicating a sperm dilu
tion. This increase in GtH and 11-ketotestosterone confirms the role of GtH 
via steroid synthesis in spermiation (see above). These data and works from 
KIME and MANNING (summary this volume) and from TAKASHIMA et al. 1984 indi
cate that in carp 11-Ketotestosterone is closely associated with male repro
ductive development. 

The technique of hypophysation has certain disadvantages as : 
- its relatively high cost due to the unpredictable supply of pituitary 

and the necessity to maintain water temperature above 18°C. 
its partial success. Only about 70 % of the animals ovulate and 

unspawned fish undergo oocyte atresia leading to an increase in mortality 
even under ideal conditions (good oxygenation of the water and food sùpply). 

2) Use of mammalian hormones. 
HCG (Human Chorionic gonadotropin) and Synahorin (mammalian pituitary 

extract) can be reliably supplied and attempts have been made to use them 
instead of hypophysation. HCG efficiency depends on the species. It's effec
tive in inducing ovulation in goldfish (YAMAMOTO and YAMAZAKI 1967). Chinese 
studies report that it is weakly effective in grass carp and mud carp but 
more efficient in silver carp and bighead. However it has harmful effects on 
unspawned fish leading to the death of the animals. In indian carp, the re
latively low efficiency of HCG and Synahorin can be improved by using them 
in combination with a lower dose of pituitary extract (CHAUDHURI 1976). 

C - Discharge of endogenous gonadotropin hormone. 

1) Administration of gonadotropin releasing hormone (GnRH)~ 

As mentionned above LHRH or LHRH analogues (LHRHa) evoke the release of en
dogenous pituitary gonadotropin supplies. A seasonal pituitary sensitivity 
to GnRH have been demonstrated but at the time of inducing spawning the sen
sitivity is maximal in carp (WEIL et al. 1975) and in goldfish (SOKOLOWSKA 
et al. 1985) • 

Action in female 

In goldfish, spontaneous ovulation does not occur at 12°C when fish are 
held in aquaria without vegetation. Relatively high doses of LHRH given in 
one injection administered either by intraperitoneal (lµg/g) or by intra 
cranial injection (200ng/g) were partially effective in inducing ovulation 
(respectively 50 % and 33 % of ovulation, LAM et al. 1975 -1976). A weak 
percentage of ovulation was also recorded with the total dose of 200ng/g of 
a potent LHRHa when given in two injections 12 hrs apart at 12 -14°C (CHANG 
et PETER 1983) or 3 hrs apart at 18 -20°C (SOKOLOWSKA et al. 1984). Sus
tained GnRH release a l lowed by the implantation of pellets containing 25µg 
or 125µg of LHRHa were also partially effective (20 - 50 % of ovulation 
SOKOLOWSKA et al. 1984). Both treatments with LHRHa induced high plasma GtH 
levels which were in the range of those reached during spontaneous ovulation 
but were of longer duration. 

In carp, nine daily LHRH intrahypophseal injections at lµg/kg stimula
ted oocyte maturation (germinal vesicle migration and breakdown) at 18 -

20°C but the same dosage given by intracardiac or intraventricular 
injection produced any effect (SOKOLOWSKA et al. 1978). Germinal vesicle 
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migration but no ovulation was obtained after 5 daily intracardiac LHRH 
injections at 1µg/kg (SOKOLOWSKA 1982) or two intracardiac injections at 3 
µg/kg given 3 hrs apart (WEIL et al. 1980). 

Single dose of LHRHa, 1µg/kg given by intracardiac injection in females 
held in aquaria or spawning ponds (BILLARD et al. 1984) or 50 g given in
traperitoneally in females held in concrete tank (BILLARD et al. 1983a) were 
also ineffective in inducing ovulation. Repeated doses, 5 µg/Kg plus 50 
µg/Kg given 6 hrs apart, given by intraperitoneal injection in females held 
in aquaria with or without vegetation were ineffective in inducing ovulation 
while they were partially effective in females held in cages maintained in a 
pond. The authors think that the response was faciliated by the occurrence 
of circadian changes in dissolved 02, C02 and pH, changes similar to those 
observed in spawning ponds. This point will be discussed in a next para
graph . In this latter experiment plasma GtH levels were similar in ovulated 
and non ovulated females but were higher than those of females held in aqua
.ria. However measured levels were lower than those circulating during spon
taneous ovulation. This lack of efficiency of LHRH in carp was also reported 
by KOURIL et al. 1983 for doses ranging from 10 to 200 µg/kg. The same au
thors report successful results for tench at a dose of 100-200 µg/kg of LHRH 
and 10-40 µg of LHRHa and for grass carp at a dose of 200 µg of LHRH and 
20µg/Kg of LHRHa. In China LHRH analogue is routinely used to induce spaw
ning of different species of chinese carp. Trials performed in 24 fish farms 
and conducted on 500 animals are reported in ANONYMOUS 1977a -1977b. In sum
mary the recommended doses for the different species held at temperature 
lying within the normal range (20 -28°C) are the following. For blaGk carp a 
single dose of 10 µg/kg is efficient ; effectivness is increased when injec
tion of LHRHa is followed by that of 1 -2mg of pituitary. In grass carp 5 -

10 µg/kg 6f LHRHa in one injection is prescribed while in bighead a priming 
dose of 1 - 2 µg/kg followed by 8-9 µg/kg 12 hrs later for matured fish or 
24 hours later for less matured fish, is suggested. For silver carp 5 -

10µg/kg of LHRHa in one injection is recommended for first time spawners or 
10-25 µg in two injections for repeated spawners (10µg/kg + 0,1 - 1mg 
cAMP/kg in two injections spaced 12h apart enhances effectivness). 

From the literature it is noteworthy that there is a prolonged latency 
in the ovulatory response to LHRH or LHRHa, in goldfish, tench, chinese carp 
when compared with hypophysation or HCG treatment. This treatment presents 
the advantage of decreasing the rate of mortality in chinese carp (ANONYMOUS 
1977b, ROTTMANN and SHIREMAN 1985). 

Recent promising works from BIENIARZ et al. 1985 report that salmon 
GnRH analogue is very active in inducing ovulation in common carp as compa
red to LHRHa. 

Action in male 

Chinese studies (ANONYMOUS 1977a) report that LHRHa in very effective 
in inducing spermiation in carp. Injection of 10-30µg induces milt release 
in the black carp after 12 - 24h. The effect is remarkable in spotted silver 
carp which shed notile spermatoza whithin 6 1/2 hrs following the injection. 

In common carp LHRH and LHRHa analogue induce also an increase in col
lectable milt volume. One injection of LHRH at the dosage of 50 µ;g/kg is 
more effective than at the dosage of 10µg/kg while with LHRHa both dosages 
have the same effect (BILLARD et al. 1983b). Following an injection of 
50µg/kg collected milt volume is increased the first two days and then begin 
to decrease by day 3 for reaching basal levels on day 5 (BILLARD et al. 
1983a). TAKASHIMA et al. 1984 report that smaller dosage of the analogue 
administered by 5 daily injections of 1µg/kg does not stimulate the increase 
of collectable milt volume while collected milt volume is increased with 5 
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daily injections of 10µg/kg. The same authors demonstrated that the effi
ciency of LHRH administration depends on the solvent used (affecting the 
kind of release of LHRH) since spermiation was not stimulated by 5 daily 
injections of 10µg /kg of LHRHa dissolved in propylene glycol. In this l atter 
case, plasma GtH and 11-ketotestosterone were not modified compared to ·con
trol. On the other side, following the injections of 10µg/ kg of LHRHa dis
solved in saline an increase in 11-ketotestosterone levels was monitored as 
long as spermiation was stimulated i.e. from 24 h after the first injection 
until 24 hrs following the fifth. 

3) Release of an inhibition influencing spontaneous and GnRH induced 
GtH release. 
PETER and CRIM 1978 and PETER and PAULENCU 1980 have suggested the pre

sence of a gonadotropin release inhibitory factor (GRIF) in goldfish on the 
basis of brain lesioning experiments. On the bas is of i n vivo studies on 
goldfish CHANG et PETER (1982, 1983a) demonstrated that dopamine has GtH 
release inhibitory activity by acting directly on gonadotrophs to inhibi t 
spontaneous secretion of GtH and to black the action of GnRH. Removal of the 
dopamine inhibition of GtH release by pimozide treatment, a dopamine antago
nist, potentiates the ability of LHRHa to stimulate GtH release and ovula
tion in female goldfish at 12-1 4°C (CHANG et PETER 1983b ) as wel l as 18 -
20°C (SOKOLOWSKA et al. 1984 ). Indeed the low percentage of ovulation 
(between 25% 50 %) obtained at 12 - 14°C following LHRHa inject ion and at 
18 - 20°C following LHRHa treatment (injection or pellet implantation) is 
improved by action of pimozide and can reach 80-90 %. The authors studied 
the timing of administration of pimozide and LHRHa allowing to optimize the 
rate of ovulation. Best results were obtained when pimozide is g iven prier 
to the injection of LHRHa or with the first of two injections of LHRHa or 
following the pellet implantation. These observations indicates that prier 
release from dopamine inhibition , greatly potentiates the ovulatory response 
to LHRHa as well as GtH release since higher GtH levels were obtained in 
this case. A transient increase in 17a 20B OH P and 17a OH P was observed in 
such treated fish before ovulation (PETER et al. 1984). 

In female common carp, experiments of brain lesioning (PETER, 
SOKOLOWSKA, BILLARD and CRIM unpublished) suggest that a GRIF is also pre
sent. Preliminary promising results were obtained with combined treatment 
with pimozid~ (10mg/kg) and LHRHa (50 µg/kg) 6 hours later (BILLARD et al. 
1983). This combination induced ovulation in some females (about 50 %) while 
only oocyte maturation was induced by LHRHa alone. Furthermore, promising 
recent results on t he success of ovulation have been obtained in female chi
nese carp with pimozide + LHRHa and in female c ommon carp with reserpine (a 
catcholamine depletor) + LHRHa (LIN et al. 1986). On the other hand, in male 
common carp, a combination of LHRHa + pimozide had only a slight effect on 
the stimulation of spermiation when compared to LHRHa treatment alone 
(BILLARD et al. 1983a). 

4) Action of factors abating the negativ e feed back effects of 
endogenous sex steroids on hypothalamo-hypophys ial axis. 

Antioestrogens such as clomiphene citrate (clomid) or tamoxifen (ICI 
46474) induce gonadotrop in release in carp (BRETON et al. 1975) and goldfish 
(BILLARD and PETER 1977). BRETON et a l. 1975, comparing different dosages 
(0,1mg -1mg - 10mg/kg) found that the dosage of 1mg/kg was the best to indu
ce high GtH levels similar to those present during ovulation in goldfish and 
carp. The use of clomid (10mg/kg) was successful in inducing ovulation in 
goldfish (PANDEY and HOAR 1972, PANDEY et al 1973). In carp KUMAR and 
CHANDRASEKHAR 1980 accelerated spawning (4 months ) by tri-weekly injections 
of clomid (25 and 50 µg/animal) for a period of 3 months during the prepato
ry period. On mature animals three daily injections of 1mg/kg failed to in
duce ovulation (BIENIARZ et al. 1979) while two successive i njections of 
higher dosage (10mg/kg) were successful in overcoming the blockade induced 
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by indomethacine (an inhibitor of prostaglandin synthesis) treatment (KAPUR 
and TOOR 1979). 

In cyprinid this technique has been used only at a research level. 

D - Action of factors acting on oocyte maturation. 

As mentionned above corticosteroids as well as progestins and particu
larly 17a 20 B OH P have a role in inducing in vitro oocyte maturation in 
goldfish and carp. Corticosteroids and progestins were tested for induction 
of ovulation activity in vivo. In goldfish trials were successful with 
deoxycorticosterone (DOC), cortisone and corticosterone (100µg/g) (KHOO 
1974) while only partial ovulation was obtained with deoxycortisol (LAM and 
PANDEY cited in LAM 1982). Metopirone, an inhibitor of 11 -hydroxylase indu
ced ovulation in goldfish (PANDEY et al 1977). With regard to progestogens, 
progesterone (100µg/g) was effective (KHOO 1974) while 17a20B OH P (12µg/g 
daily for 5 days) was ineffective in goldfish. (PANDEY et al cited in LAM 
et al. 1978). In carp, neither 17 a 20BOH P (2mg/kg) nor DOC (1mg/Kg) alone 
or in combination, induced ovulation at 13-15°C (JALABERT et al. 1977). 17a 
20 B OH P gave positive results when administered 1 day after priming with a 
low dose of carp pituitary extract (0.6mg/kg). At such temperatures classi
cal hypophysation yielded worse results since only partial ovulation follo
wed by resorption was observed. Priming with a low dose of pituitary extract 
induced migration of the GV toward the periphery of the oocyte, indicating 
that responsivness to 17a20 B OH P seems dependent on GV migration. However 
BIENIARZ et al. 1985 obtained in vitro oocyte maturation only in some fema
les altough ovarian fragments were in the same stage i.e. with oocytes befo
re migration of the GV. This indicates that oocytes in the same stage as 
determined by position of the nucleus have variable responsivness to the 
same hormonal treatment. 

Altough thyroid hormones act synergistically with gonadotropin hormone 
to induce vitellogenesis (HURLBURT 1977) and T3 influences the maturational 
response to gonadotropic and steroid treatments (EPLER and BIENIARZ 1983), 
they have not yet been tested in vivo. 

These techniques are not used in fish farm. 

E - Influence of factors promoting ovulation by action on follicular con
traction and rupture. 

As mentioned above prostaglandins and catecholamines can trigger ovula
tion in vitro. In vivo only the role of prostaglandins (PG) was investiga
ted. 

Indomethacine, an inhibitor of prostaglandins biosynthesis, blocks the 
ovulatory response of goldfish to a combination of HCG and 20°C warmed water 
while a single IP injection of PGE1, PGE2 or PGE2 a (5µg/g) restores the res
ponse (STACEY and PANDEY 1975). In carp KAPUR and TOOR (1979) demonstrated 
that a single injection of indomethacine (10µg/g) blocked ovulation for 12 
days in females held in conditions in which control fish ovulated sponta
neously. The role of prostaglandins mediated by and stimulation of GtH se
cretion is unlikely since PETER and BILLARD (1976) found that injection of 
PGF2 a or PGE2 but not PGE1 into the third ventricle of the brain decreased 
serum GtH in the female. A direct action on follicular rupture via smooth 
muscle contraction seems more likely (STACEY and PANDEY 1975, KAGAWA and 
NAGAHAMA 1981) for goldfish (EPLER 1978, EPLER et al. 1985) for carp. Fur
thermore prostaglandins have a role in spawning behavior in goldfish 
(STACEY, 1976). Thus it may.be possible to use prostaglandins to induce ovu
lation as well as spawning behavior in fish with mature oocytes. 
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III - INFLUENCE OF ENVIRONMENTAL AND SOCIAL FACTORS ON SPONTANEOUS AND 
HORMONAL INDUCED SPAWNING. 

It is well established that in cyprinids water temperature plays an 
important role in gametogenesis development (review of PETER and CRIM 1979) . 
In common carp, sexual maturi ty is reached earlier in warm c limates than in 
temperate conditions and GUPTA 1975 obtained a precocious maturity in carp 
held in warm water aquaria (23°C). Male and female tench maintained all year 
in a heated pond (6°C above amb i ant temperature) showed an accelerated sper
matogenesis and vitellogenesis compared to the control (BRETON et al. 1980a 
et b). However daylenght may interfere wi th temperature since in an i ndian 
carp a constant short daylength retarded the maturity of gonads in female 
(VERGHESE 1970) and in male of common carp (WEIL 1981 - showed in BILLARD et 
al. 1982). 

In practice the influence of environmenta l factors on induction of a 
rematuration of the gonad after hormonal induced spawning is used in common 
carp, chinese carp and indian car p (respectively HORVA TH 1980a ; LIN 1982 
and FREEZE and CRAWFORD 1983 ; BHOWNICK et al 1977 ). The combination· of high 
water temperature and good f eeding induces within 2 months the matura t ion of 
the gonad and a second spawning may be i nduced with hormonal treatment when 
temperature required for ovulation is provided. 

With respect to the end of gametogenesis i.e. spermiation and ovula
tion, different factors may improve the spontaneous process. In goldfish 
spermiation is promoted a progressive r ise in temperature which is in corre
lation with an increase in plasma GtH (GILLET et al~ 1977) ; ovulation 
occurs at 20-21°C (YAMAMOTO et a l. 1966., STACEY et al. 1979b) in presence 
of absence of aquatic vegetation while it occurs at 12°C only in the presen
ce of vegetation (STACEY et al 1979b). Furthermore ovulation in goldfish is 
highly synchronized with photoperiod (STACEY et al 1979b) . Social factors 
may act as well. In female goldfish YAMAZAKI 1965 and YAMAMOTO et al. 1966 
indicate that the presence of sexually active males induce ovula tion . For 
males KYLE et al. 1985 report that the presence of a r eceptive female or 
stimulus pairs of spawning goldfish induce an increase in expressible milt 
volumes and plasma GtH. NIKITINA and GODOVICH 1983 have demonstrated that 
the dynamics of sex hormones in the blood of ma le common carp depend on the 
presence or absence of spawning in the females placed wi th them. In pratice 
in China it is possible to induce spawning of female mud carp by the presen
ce of active female spawners (injected with pituitary extract ) when they are 
held in a common spawning pond (LIN 1982) . 

Environmental factors modulate the response to hormonal treatment . Tem
perature is an important factor for 

- the injection i nterval 
the latency of t he ovulatory and milting response as demonstrated in 

female and male common and chinese carp ( HORVA TH 1978b) and in female go l d
fish (STACEY et a l. 1979b) fo llowing pituitary or HCG treatment. 

the time of overrippening of ovulated oocytes. It depends on carp 
species. (HORVATH 1978b) 

- the success of spawning i.e. the maturation of breeders. 
Oxygen concentration also conditi ons the success of hypophysation (HORVATH 
and PETERI 1980). These authors demonstrated that bath, water temperature 
and the amount of dissolved oxygen, strongly influence the maturation of 
spawners. If one of these parameters is lower than required the adverse 

. effect cannot be counter balanced by the higher level of the otber factor. 
Time of inj ection (since there is evidence of a possible c i rcadian 

rythm of oocyte sensitivity, BIENIARZ et al., summary this vo lume) as well 
as the presence of vegetation, or a precise photoperiod, or spawning fish 
may be also important to ensure a maximal efficiency of hormonal treatment . 
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IV - CONCLUSION 

The hormonal treatment most commonly used for inducing spawning in 
common carp, chinese and major indian carp is hypophysation. This technique 
presents some disadvantages such as the unpredictability of pituitary sup
ply, the problem of standardization of the pituitary extracts and its par
tial effectivness (around 70 %). 

The use of GnRH promoting endogenous GtH release seems_ prom1s1ng. LHRH 
analogs have different advantages : they are commercially supplied and they 
don't evoke antibody formation. On the other hand their efficiency on ovula
tion varies with the species and the latency to ovulatory response is de
layed compared to hypophysation. Removal of the dopamine inhibition improves 
these two points as demonstrated by LIN 1986 and studies, still at an expe
rimental stage, are made in this field. Furthermore , the use of salmon GnRH 
analogues alone seems promising and further studies must be done in this 
direction. 

It is evident from 
new hormonal treatment 
hypophysation technique 
appropriate time of its 

REFERENCES 

the results reported above that the development of a 
for inducing spawning as well as the improvment of 
implie the knowledge of criteria determining the 

administration and this particularly in female. 

ANONYMOUS, 1977a . A new highly effective ovulating agent for fish reproduc
tion. Practical application of LHRH analogue for the induction of spaw
ning of farm fishes. Sei. sin., 20 : 469-474. 

ANONYMOUS, 1977b. A further investigation on the stimulatory effect of a 
s ynthetic analogue of hypothalamic luteinizing hormone releasing hormo
ne ( LRHa) on spawning in "Dornes tic fishes". Acta Biochim. Biophys. 
Sinica, 9 15-23. 

ANONYMOUS, 1978. Radioimmunoassay on serum gonadotropin of carp Cyprinus 
carpio L. Acta Biochim. Biophys. Sinica, 10 : 399-407. 

BIENIARZ K., EPLER P., 
ovarian resorption 
449-451. 

1976. Preliminary results of the in vivo studies on 
in carp (Cyprinus carpio L.). J. Fish. Biol., 8 : 

BIENIARZ K., EPLER P., POPEK W., 1977. Histological changes in the avaries 
of mature female carp in summer time. Inv. Pesq., 41 : 95-102. 

BIENIARZ K., EPLER P., THUY L.N. and KOGUT E., 1979. Changes in the avaries 
of adult carp. Aquaculture, 17 : 45-68. 

BIENIARZ K., EPLER P . , THUY L.N. and BRETON B., 1980. Changes in blood gona
dotropin level in mature female carp following hypophysial homogenate 
injections. Aquaculture, 20 : 65-69. 

BIENIARZ K., EPLER P., POPEK W., BILLARD R., SOKOLOWSKA M. , 1985. In 7th 
conference of European Society for Comparative Physiology and Bioche
mistry. Barcelona Spain. 

BILLARD R., PETER R.E., 1977. Gonadotropin release after implantation of 
antiestrogens in pituitary and hypothalamus of goldfish Carassius 
auratus. Gen Comp. Endocrinol., 32 : 213-220. 



lnduced spawning 131 

BILLARD R., BURZAWA-GERARD E. and BRETON B., 1970. Régénération de la 
spermatogenèse du Cyprin hypophysectomisé Carassius auratus L. par un 
facteur gonadotrope hautement purifié de Carpe. C. R. Acad. Sc. Paris, 
Ser. D., 271 : 1896-1899. 

BILLARD R., BRETON B., ESCAFFRE A.M., 1971. Maintien et restauration de la 
spermatogenèse par un extrait acétonique hypophysaire de carpe chez le 
cyprin (Carassius auratus) traité au méthallibure. Ann. Biol. anim. 
Bioch. Biophys., 11 : 167-174. 

BILLARD R., FOSTIER A., WEIL C. and BRETON B., 1982 . Endocrine control of 
spermatogenesis in teleost fish. Can. J. Fish. Aquat . Sei., 39 : 65 -79. 

BILLARD R., ALAGARSWAMI K., PETER R.E. et BRETON B., 1983a. Po tentialisation 
par le pimozide des effets du LHRHa sur la secrétion gonadotrope hypo
physaire, l' ovulation et la spermiation chez la Carpe commune Cyprinus 
carpio. C.R. Acad. Sc. Paris, Ser. III, 296 : 181-1 84 . 

BILLARD R., CHOISIS J.P. and REINAUD P., 1983b. Stimulation of spermiation 
in carp in response to LHRH and DAla6 LHRH ethylamide. Aquacul ture, 35: 
173-176. 

BILLARD R., BIENIARZ K., PETER R.E., SOKOLOWSKA M., WEIL C. and CRIM L.W., 
1984. Effects of LHRH and LHRHa on plasma GtH levels and matu
ration/ovulation in the common carp, Cyprinus carpio, kept under va
rious environmental conditions. Aquaculture, 41 : 245 -254. 

BHOWMICK R.M., KOWTAL G.V., JANA R.K. and GUPTA S.D., 1977 . Experiments on 
second spawning of major Indian carps in the same season by hypophysa
tion. Aquaculture, 12 : 149-155. 

BRETON B., WEIL C., 1973. Effets d'extraits hypothalamiques de carpe e t de 
LH/FSH-RH de synthèse sur la secrétion d'hormone gonadotrope c - GtH in 
vivo chez l a carpe Cyprinus carpio L. C.R. Acad. Sei. Pari s, Ser. D, 
277 : 206 1-2064. 

BRETON B., JALABERT B., BILLARD R., WEIL C., 1972. Stimulati on in vitro de 
la secrétion d'hormone gonadotrope hypophysaire par un facteur hypotha
lamique chez la carpe Cyprinus carpio L. C.R. Acad. Sei. Paris, Série 
D, 273 : 2591-2594. 

BRETON B., JALABERT B. et FOSTIER A., 1975. Induction de décharges gonado
tropes hypophysai res chez la carpe Cyprinus capio L. à l'ai de du citra
te de cisclomiphene. Gen. Comp. Endocrinol., 25: 400-404 . 

BRETON B., HOROSZEWICZ L., BILLARD R., BIENIARZ K., 1980a . Temperature and 
reproduction in tench : effect of a rise in the annual temperature re
gime on gonadotropin level, gametogenesis and spawning. I. The male. 
Reprod. Nutr. Develop., 20 : 105- 118. 

BRETON B., HOROSZEWICZ, BIENIARZ K., EPLER P., 1980b. Temperature and repro
duction in tench : Effect of a rise in the annual temperature regime on 
gonadotropin level, gametogenesis and spawning. II. The female. Reprod . 
Nutr. Dévelop., 20 : 1011-1024. 

BRZUSKA E., BIENIARZ K., 1977. Méthodes de déterminatin du stade de maturité 
des carpes femelles en relation avec des injecti ons d'homogenats d'hy
pophyses de carpes. Instytut Rybactwa Sroladowego 105. 



132 C. Weil et al. 

BURZAWA-GERARD E., 1971. Purification d'une hormone gonado trope hypophysaire 
de poisson téléosteen , la carpe Cyprinus carpio L. Biochimie, 53 : 545-
552. 

BURZAWA-GERARD E., 1982. Existe-t'il plusieurs gonadotropines (GtH) chez les 
poissons ? Données biochimiques et vitellogenèse exogène in "Symposium 
proceedings of the International symposium on reproductive physiology 
of fish, Wageningen Netherland H J. Th. Goos and J . T. Richter eds ; p. 
19-22, Pudoc, Wageningen. 

CHANG J.P. and PETER R.E., 1982. Actions of dopamine on gonadotrop i n release 
in golfish, carassius auratus in symposium proceedings of the i nterna
tional symposium on Reproductive Physiology of Fish, Wageningen, 
Netherlands. H J Th Goos and J.J. Richter eds. p. 51 Pudoc Wageningen. 

CHANG J.P., PETER R.E., 1983a. Effects of Dopamine on Gonadotropi n 
re l ease in female goldfish, Carassius auratus. Neuroendocrinology, 35 : 
351-357. 

CHANG J.P., PETER R.E., 1983b. Effects of Pimozide and Des Gly 10 D Ala6. 
Luteinizing Hormone-releasing hormone Ethylamide on serum gonadotropin 
concentrations, germinal vesicle migration and ovulation in female 
goldfish, Carassisus auratus. Gen. Camp. Endocrinol., 52 : 30-37. 

CHAUDHURI H., 1976. Use of hormones in induced spawning of carps. J. Fish 
Res. Board Can., 33 : 940-947. 

CHEN F.Y., CHOW M., SIN B.K., 1969. Induced spawning of the three major 
Chinese carps in Malacca, Malaysia - Malay. Agric. J . , 47: 24-38. 

CLEMENS H.P ., GRANT F.B. , 1965. The seminal thinning response of carp 
(Cyprinus carpio) and ra inbow trout (Salmo gairdneri ) after i njections 
of pituitary extracts. Copeia, 2 : 174 - 177. 

CRIM L.W., PETER R.E., BILLARD R., 1976. Stimulati on of gonadotropin secre
tion by intraventricular injection of hypothalamic extracts in the 
goldfish Carassius auratus. Gen. Camp. Endocrinol., 30 : 77-82. 

EPLER P., 1978. Effect of gonadotropin and steroid hormones on ovarian matu
rity in carp. Zesz. Nauk . Akad. Roln. Kvakow, 146 : 7- 51 . 

EPLER P., BIENIARZ K., 1983. Effects of triiodothyronine and of some gonado
tropic and steroid hormones on the maturation of carp Cyprinus carpio 
L.) oocytes in vitro. Reprod. Nutr. Dével op., 23 : 1011 -1017. 

EPLER P., BIENIARZ K., MAROSZ E., 1979. The action of gonadotrophic and ste 
roid hormones on the maturation of goldfish Carassius auratus L. oocy
tes in vitro, Zes. Nauk. Akad. Roln. Kvakow, 159-168. 

EPLER P., MAROSZ E. and BIENIARZ K., 1979. Effect of teleost pituitary gona
dotropins on the in vitro maturation of carp oocytes. Aquacul t ure, 18 : 
379-382. 

EPLER P., MAROSZ E., BIENIARZ K., 1980 . Joint action of various steroid hor
mones on maturation of carp oocytes in vitro. Zes. N. auk. Akad. Roln . 
Krakow, 159 : 71-82. 

EPLER P., BIENIARZ K., MAROSZ E., 1982a. Studies in vi tro on oocyte matura
tion in the ovary of carp Cyprinus carpio L., Zes. Nauk. Akad. Roln. 
Krakow, 175 : 3-17. 



lnduced spawning 133 

EPLER P., BIENIARZ K. and MAROSZ E., 1982b. The effect of low doses of carp 
hypophysial homogenate and some steroid hormones on carp (OCyprinus 
Ocarpio L.) oocyte maturation in vitro. Aquaculture, 26 : 245-251. 

EPLER P., BIENIARZ K. and MAROSZ E., 1985. Effect of temperature 17 a hydroxy-
20 B dihydroprogesterone and Prostaglandin F2 a . on Carp oocyte matura
tion and ovulation in vitro. Gen. Comp. endocrinol., 58 : 192-201. 

FOSTIER A., BRETON B. et JALABERT B., 1979. Stimulation hypophysaire de la 
secrétion oestradiol-17 chez la carpe commune, Cyprinus carpio L., 
Ann. Endocrinol., 40 : 83-84. 

FREEZE M., CRAWFORD T., 1983. Fall Spawning of silver carp. Prog. Fish. 
Cult., 45-133. 

GILLET C., BILLARD R. et BRETON B., 1977. Effets de la température 
sur le taux de gonadotropine plasmatique et la spermatogenèse du pois
son rouge Carassius auratus. Can. J. Zool., 55 : 242-245. 

GUPTA S., 1975. The development of carp gonads in warm water aquaria. J. 
Fish. Biol., 7 : 775-782. 

HARVEY B.J. et HOAR W. S., The theory and practice of induced breeding in 
fish. IDRC TS 21e Ottawa, Ontario 48 p. 

HORVATH L., 1978a. Experiences in propagation of the common carp Cyprinus 
carpio L.) out the spawming season. Aquacultura Hungarica (Szarvas), 1: 
66-72. 

HORVATH L., 1978b. Relation between ovulation and water temperature by far
med cyprinids. Aquaculture Hungarica (Szarvas) 1 : 58-65. 

HORVATH L. and PETERI A., 1980. The effect of oxygen content of water on the 
ovulation of carps. Aquacultura Hungarica (Szarvas) 11 : 15-18. 

HURLBURT M.E., 1977. Role of the thyroid gland in ovarian maturation of the 
goldfish, Carassius auratus L. Can. J. Zool., 55 : 1906-1913. 

IDLER D.R. and BUN NG T., 1979. Studies on Two types of gonadotropins from 
both salmon and carp pituitaries. Gen. and Comp. endoc., 38 : 421-440. 

JALABERT B., 1976. In vitro oocyte maturation and ovulation in rainbow trout 
(Salmo gairdneri), northern pike (Esox · lucius), and goldfish (Carassius 
auratus). J. Fish. Res. Board Can, 33 : 974-988. 

JALABERT B., BRY C., SZOLLOSI D., FOSTIER A., 1973. Etude comparée de 
l'action des hormones hypophysaires et stéroides sur la maturation in 
vitro des ovocytes de la truite et du carassin (poissons téléosteens""f":"" 
Ann. Biol. anim. Bioch. Biophys., 13 : 59-72. 

JALABERT B., BRETON B., BRZUSKA E., FOSTIER A. and WIENIAWSKI J., 1977. A 
new tool for induced spawning : the use of 17ahydroxy-20B-dihydropro
gesterone to spawn carp at low temperature. Aquaculture, 10 : 353-364. 

KAGAWA H. and NAGAHAMA Y., 1981. In vitro effects of protaglandins on ovula
tion in goldfish Carassius auratus. Bull. Jpn. Soc. Sei. fish., 47 : 
1119-1121. 

KAGAWA H., YOUNG G., NAGAHAMA Y., 1983. Changes in plasma steroid hormone 
levels during gonadal maturation in female goldfish Carassius auratus. 
Bull. Japan Soc. Sei. Fish., 49 : 1783-1787. 



134 C. Wei/et al. 

KAPUR K. and TOOR H.S. 1979., The effect of clomiphene citrate on ovulation 
and spawning in indomethacin treated carp, Cyprinus carpio. J . Fis h . 
Biol. , 14 : 59-66. 

KHOO K.H., 1974. Steroidogenesis and the role of steroids in the endocrine 
control of oogenesis and vi tel logenesis in the goldfish. Carassi us 
auratus. Ph. D. thesis. Univ. British Columbia, Vancouver. B.C. 126p . 

KIME D.E. and DOLBEN I.P., 1985. Hormonal changes during induced ovulation 
of the carp, Cyprinus carpio. Gen. Comp. Endocrinol ., 58 : 137- 149 . 

KOURIL J., BARTH T., HAMACKOVA J., SLANINOVA J., SERVITOVA L. , MACHACEK J ., 
FLEGEL M., 1983. Application LHRH and its analog for reaching ovulation 
in female tench, Grass Carp, Carp and Sheat fish. Buletin VURH Vodnany, 
2 : 3-15. 

KUMAR S. and CHANDRASEKHAR 
fresh water teleost, 
tia, 36 : 1229-1230. 

K., 1980. Artificial spawning effected in the 
Cyprinus carpio by c lomiphene citrate. Experien-

KYLE A.L., STACEY N.E., PETER R.E. and BILLARD R., 1985. Elevations i n gona
dotropin concentrations and milt volumes as a result of spawning beha
vior in the goldfish. Gen. Comp. Endocrinol., 57 : 10-22. 

LAM T.J., 1982. Applications of endocrinology to fish culture . Can. J . Fish. 
Aquat. Sei., 39 : 111-137. 

LAM T.J., PANDEY S. and HOAR W.S., 1975. Induction of ovulation in goldfish 
by synthetic luteinizing hormone-releasing hormone (LH-RH). Can . J . 
Zool., 53: 1189-1192. 

LAM T.J., PANDEY S., NAGAHAMA Y. and HOAR W.S., 1976 . Effect of synthetic 
luteinizing hormone - releasing hormone (LHRH) on ovulation and pitui
tary cytology of the goldfish Carassius auratus. Can J. Zool., 54 : 816-
824. 

LAM T.J. , PANDEY S., NAGAHAMA Y. and HOAR W.S., 1978. Endocrine control of 
oogenesis, ovulation and oviposition in goldfish. In Comp. Endocrino l . 
Gaillard P. J . and Boer H.H. eds, pp 55-64. 

LIN H.R., 1982. Polycultural system of freshwater fish in China. Can . J. 
Fish. Aquat. Sei., 39 : 143-150. 

LIN H.R., LIANG J.Y., PENG C., LI G.Y., LU L.Z., ZHOU X.J., VAN DER KRAAK 
G., PETER R., 1986. The effects of LHRH analogue and drugs which block 
the effects of dopamine on gonadotropin secretion and ovulation i n fish 
cultured in China in Aquaculture of Cyprinids R. Billard and J. Marce l 
Eds, I.N.R.A . , Publ. Paris p. 

MARCEL J., 1980. Préparation et utilisation de broyats hypophysaires pour 
l'induction de la reproduction des poissons. La piscicul ture en Etang, 
R. Billard Ed. I.N .R.A., Publ. Paris, pp 163-172. 

NIKITINA M.M. and GODOVICH P.L., 1983 . Dynamics of hormones in the blood of 
male and female carp, Cyprinus carpio (Cyprinidae ) dur ing the spawning 
period. J. Ichthyol., 23: 118-123. 

PANDEY S . and HOAR W.S., 1972 . Induction of ovulation in goldfish by clomi
phene citrate. Can. J. Zool., 50 : 1679-1680. 



lnduced spawning 135 

PANDEY S., STACEY N. and HOAR W.S., 1973. Mode of action of clomiphene ci
trate in inducing ovulation of goldfish. Can. J. Zool., 51 : 1315-1316. 

PANDEY S., LAM T.J., NAGAHAMA Y. and HOAR W.S., 1977. Effects of dexametha
sone and metopirone on ovulation in the goldfish, Carassius auratus. 
Can. J. Zool., 55 : 1342-1350. 

PETER R.E., 1970. Hypothalamic control of thyroid g land activity and gonadal 
activity in the goldfish., Carassius auratus, Gen. Comp. Endocrinol., 
14 : 334-356. 

PETER R.E., 1980. Serum gonadotropin levels in mature male goldfi sh in res
ponse to luteinizing hormone-releasing hormone (LH-RH) and des-Gl y10-D
Ala -LHRH ethylamide. Can J. Zool., 58 : 1100-11 04. 

PETER R.E. and BILLARD R., 1976. Effects of third ventri c le injection of 
prostaglandins on Gonadotropin secretion in goldfish, Carassius 
auratus. Gen. Comp. Endocrinol., 30 : ~51-456. 

PETER R.E., CRIM L.W., 1978. Hypothalamic lesions of goldfish : effects on 
gonadal recrudescence and gonadotropin secretion. Ann . Biol. anim. 
Bioch. Biophys. , 18 : 819-823. 

PETER R.E., CRIM L .W., 1979. Reproductive endocrinology of f ishes : gonadal 
cycles and gonadotropin in teleosts. Ann. Rev. Physiol., 41 : 323- 335. 

PETER R.E. and PAULENCU C.R., 1980. Involvement of the preoptic region in 
gonadotropin release-inhibition in goldfish, Carassius auratus, Neuro
endocrinology, 31 : 133-141 . 

PETER R.E., SOKOLOWSKA M., TRUSCOTT B., WALSH J. and IDLER D.R . 1984. Secre
tion of progestogens during induced ovulation i n goldfish. Can. J . 
Zool., 62 : 1946-1949. 

PETER R.E., NAHORNIAK C.S., SOKOLOWSKA M., CHANG J.P., RIVIER J.E ., VALE 
W.W., KING J.A. and MILLAR R.P., 1985. Structure-activity relationships 
of mammalian, chicken, and salmon gonadotrop i n releas ing hormones in 
vivo in goldfish. Gen. Comp. Endocri nol., 58 : 231-242. 

PICKFORD G.E., ATZ J.W., 1957. "The physiology of the pituitary gland of 
fishes''. New York Zoological Society, New York. 

ROTHBARD S., 1981. Induced reproduction in cultivated cyprinids. The common 
carp and the group of chinese carps : 1. The technique of induction, 
spawning and hatching. BAMIDGEH, 33 : 103-121. 

ROTTMANN R.W. and SHIREMAN J.V., 1985. The use of synthetic LHRH analogue to 
spawn Chinese carps. Aquaculture and fisheries Management , 1 : 1- 6 . 

SHEHADEH Z.H., 1975 . Induced breeding techniques - A review of progress a nd 
problems. E.I.F.A.C. Technical Paper, 25 : 72-89. 

SHERWOOD N., EIDEN L., BROWNSTEIN M., SPIESS J., RIVIER J. and VALE W., 
1983. Characterization of a teleost gonadotropin- releasing hormone . 
Proc. Natl. Acad. Sei., 80 : 2794 - 2798. 

SOKOLOWSKA M., 1982 . The influence of luteinizing h ormone-releasing hormone 
(LH-RH) on serum gonadotropin levels and oocyte maturation in female 
carp (Cyprinus carpio L.). Comp. Biochem. Physiol., 73A : 273-278. 



136 C. Wei/et al. 

SOKOLOWSKA M., POPEK W., 
LH/FSH-RH and LHRH 

BIENIARZ K., 1978. Synthetic releasing hormones 
effect of intracerebral and intramuscular 

carp (Cyprinus carpio L.) maturation. Ann. Biol. 
18 : 963-967. 

injections on female 
anim. Bioch. Biophys., 

SOKOLOWSKA M., PETER R.E., NAHORNIAK C.S., PAN C.H., CHANG J.P., CRIM L.W. 
and WEIL C., 1984. Induction of ovulation in goldfish, Carassius 
auratus, by pimozide and analogues of LHRH. Aquaculture, 36 : 71-83. 

SOKOLOWSKA M., PETER R.E., NAHORNIAK C.S. and CHANG J.P., 1985. Seasonal 
effects of pimozide and des Gly10 (D-Ala6) LHRH Ethylamide on Gonado
trophin secretion in goldfish. Gen. Comp. Endocrinol., 57 : 472-479. 

STACEY N.E., 1976. Effects of indomethacin and prostaglandins on the spaw
ning behaviour of female goldfish. Prostaglandins, 12 : 113-123. 

STACEY N.E. and PANDEY S., 1975. Effects of indomethacin and prostaglandins 
on ovulation of goldfish. Prostaglandins, 9 : 597-607. 

STACEY N.E., COOK A.F. and PETER R.E., 1979. Ovulatory surge of gonadotropin 
in the goldfish Carassius auratus. Gen. Comp. Endocrinol., 37 : 246-
249. 

STACEY N.E., COOK A.F., PETER R.E., 1979. Spontaneous and gonadotropin indu
ced ovulation in the goldfish, Carassius auratus L. : effects of exter
nal factors. J. Fish. Biol., 15 : 349-361. 

TAKASHIMA F., WEIL C., BILLARD R., CRIM L.W. and FOSTIER A., 1984. Stimula
tion of spermiation by LHRH analogue in carp. Bull. Jpn. Soc. Sei. 
Fish, 50 1323-1329. 

VARGHESE T.J., SATYANARAYANA G.P., DEVARAJ K.V. et CHANDRASEKHAR B., 1975. 
Preliminary observations on the use of marine catfish pituitary glands 
for induced spawning of the Indian major carps. Curr. Sei. (Bangalore) 
(Inde), 44 : 75-78. 

VERGHESE P.U., 1970. Preliminary experiments on the modification of the re
productive cycle of an indian carp cirrhina reba (HAM.) by control of 
light and temperature. Proc. Indo-Pacific Fish. Coun., 13 : 171-184. 

WEIL C., 1981. La fonction gonadotrope de l'hypophyse au cours du cycle 
sexuel chez deux poissons téleosteens, la carpe commune (Cyprinus 
carpio) et la truite arc-en-ciel (Salmo gairdneri) ; son controle par 
l'hypothalamus, les gonades et les facteurs externes. Thèse de Doctorat 
d'Etat. 250 p. 

WEIL C., BRETON B. et REINAUD P., 1975. Physiologie, Etude de la réponse 
hypophysaire à l'administration de GnRH exogène au cours du cycle re
producteur annuel chez la Carpe Cyprinus carpio L. C.R. Acad. Sc. 
Paris, 280 : 2469-2472. 

WEIL C., FOSTIER A., HORVATH L., MARLOT S., BERSCENYI M., 1980. Profiles of 
plasma gonadotropin and 17 -estradiol in the common carp, Cyprinus 
carpio L; as related to spawning induced by hypophysation or LHRH 
treatment. Reprod. Nutr. Dévelop., 20 : 1041-1050. 

YAMAMOTO K. and YAMAZAKI F., 1967. Hormonal control of spermiation and ovu
lation in goldfish. Gunma Symp. Endocrinol., 4 : 131-145. 



lnduced spawning 137 

YAMAMOTO K., NAGAHAMA Y., YAMAZAKI F., 1966. A me t hod to induce artificia l 
spawning of goldfish all through the year. Bull . J ap. Soc. Sei. Fish . , 
33 : 977-983. 

YAMAZAKI F., 1965. Endocrinological studies of the r eproduction of the fema
le goldfish, Carassius auratus L., with special r eference to the f unc
t ion of the p i t uitary gland. Me m. Fac. Fish. , OKKAI DO Univ., 13 : 1- 64 . 





Cyprinids constitute the largest group of cultured fish in the world and include 
species such as carp whose domestication dates from ancient times. The ability 
to adapt to a wide range of temperatures and high fluctuations in water oxygen 
content as well as to diverse modes of feeding in various biotopes has made this 
species the most highly produced in the world : 2 million tons of cyprinids out of 
a total of 3.5 million tons of fish, including all species. 
This book reviews the actuel state of knowledge and of management techniques 
in the fields of nutrition, reproduction, genetics, management of larvae, growth 
and rearing, pathology, economics and processing of cyprinids. 

Les Cyprinidés constituent le groupe de poissons le plus largement élevé dans 
le monde et comptent des espèces comme la carpe dont la domestication est très 
ancienne. Ses caractéristiques d'élevage : tolérance à une large gamme de 
températures, de Fortes fluctuations d'oxygène dissous, modes d'alimentation 
diversifiés à partir des différentes niches du réseau trophique, Font de cette 
espèce la première production de l'aquaculture mondiale (2 millions de tonnes de 
cyprinidés sur 3,5 millions de tonnes de poissons, toutes espèces confondues). 
Ce volume présente l'état actuel des connaissances et des techniques d'élevage 
en matière de nutrition, reproduction, génétique, élevage larvaire, croissance et 
élevage, pathologie, économie et transformation. 

ISBN 2-85340-791-8 



HYDROBIOLOGIE ET AQUACULTURE 
·* 

Aquaculture of Cyprinids 

L'aquaculture des Cyprinidés 

R. BILLARD, J. MARCEL 
Editeurs 

INSTITUT NATIONAL DE LA RECHERCHE AGRONOMIQUE 
145, rue de l'Université, 75341 Paris Cedex 07 



Aquaculture of Cyprinids 

L'aquaculture des Cyprinidés 

Actes du Colloque International sur I' Aquaculture de la Carpe et des espèces voisines 
tenu à Evry (France) du 2 au 5 septembre 1985 

ORGANISATION GENERALE J. MARCEL et R. BILLARD 
Institut National de la Recherche Agronomique 

avec la collaboration de : J. BERTIN, M. BILLARD, M.G. HOLLEBECQ, R. LE GOUVELLO, 
M. et N. MARCEL, G. de MONTALEMBERT, P. RENARD, A. SAAD, 
les services techniques du C.N.R.Z. , de FIAPEVRY, des mairies 
d'Evry et Jouy-en-Josas 

Traduction simultanée : INCAA ( Mmes CHA VE, PERD ER EAU et SUKTHANKAR) 

Excursion: SRAE Centre (J .F. MARTIN), Comité Régional de Promotion 
Centre - Val de Loire - Berry( S. FOURSIN ), MAJ Les Clouzioux, 
Pisciculture de M. HENNEQUART, SCI du Château de Cheverny, 
SARL de !'Orangerie 

COMITE SCIENTIFIQUE G. BALVAY, G. BENOIT, R. BILLARD, R. BRETON, B. CHEVASSUS, 
P. de KINKELIN, B. LANOISELEE, P. LUQUET, J. MARCEL, 
J.F. MARTIN, P. PROTEAU, M. VUILLOT, C. WEIL 

EDITION SCIENTIFIQUE Dessins M. WEBER 
Dactylographie M.E. MARMILLOD, C. TOMASSI 
Traduction anglaise A. DAIFUKU 

Les organismes suivants ont apporté leur aide matérielle pour l'organisation de ce colloque : 

Conseil Régional Centre 

IFREMER 

INRA 

Ministère de !'Agriculture 
Ministère de la Coopération 
Ministère de la Recherche et la Technologie 

Office Régional de la Mer 

Syndicat Régional des exploitants d'étangs du Centre 

Union Nationale des Syndicats de l'Etang 



.. i 
HYDROBIOLOGIE ET AQUACULTURE 

Collection dirigée par R. BILLARD 

Déjà parus dans la même collection : 

- La Pisciculture en étang (épuisé) 

Arbonne-la-Forêt, 11-12-13 mars 1980 

R. Billard, éd. 

1980, 406 p. 

- Le Brochet : gestion dans le milieu naturel et élevage 

Grignon (France), 9-10 septembre 1982 

R. Billard, éd. 

1983, 374 p. 

- L' Aquaculture du Bar et des Spai:idés 

Sète (France), 15-16-17 mars 1983 

G. Barnabé et R. Billard, éd. 

1984, 542 p. 

- Caractérisation et essais de restauration 

d'un écosystème dégradé : le lac de Nantua 

J. Feuillade, éd. 

1985, 168 p. 

- Gestion piscicole des lacs et retenues artificielles 

D. Gerdeaux, R. Billard, éd. 

1985, 274 p. 

- Précis de pathologie des poissons 

P. de Kinkelin, Ch. Michel, P. Ghittino 

1986, 348 p. 

Editors/ Editeurs 

R. Billard, J. Marcel 

INRA, Département Hydrobiologie 

F-78350 Jouy-en-Josas 

For sale/ En vente 

INRA, Service des Publications 

Route de St Cyr, F-78000 Versailles 

©INRA, Paris, 1986 

ISBN : 2-85340-791-8 


