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ABSTRACT 

Resink, J.W., Van Den Hurk, R., Groeninx van Zoelen, R.F.O. and H&man, E,A., 1987. The 
seminal vesicle as source of sex attracting substances in the African catfish, Clariaa gariep~n~. 
Aqwculture, 63: 115-127. 

Attraction tests were performed with female African catfish placed in a U-shaped two-choice 
maze. A conspecific was placed in both ends of the aquarium behind a perforated partition. An 
unovulated female fish allowed to choose between water containing a male and water containing 
a female conspecific did not show an obvious preference. After hormonally induced ovulation, 
however, females spent more time at the side of the male fish. Such a preference was absent in 
ovulated anosmie females. When confronted with a male fish from which the seminal vesicle was 
extirpated and an intact male fish, female fish spent more time on the side of the latter after 
ovulation. Removal of the testes and a subsequent enlargement of the seminal vesicle made males 
more attractive for ovulated females. These resnlts indicate that shortly after ovnlation, female 
African cat&h are attracted by male conspecifics, and that the male pheromone originates from 
the seminal vesicle. Subjection to an ovulated female appeared to induce a rise in circulating 
gonadot~pin in both male and female catfish. 

INTRODUCTION 

Chemicals used for intraspecific communication have been called phero- 
mones (Karlson and L&her, 1959). The majority of pheromones are recog- 
nized by olfaction; of these the best known are th& sex attrac~ts of insects 
(Atkins, 1980). Chemical communication is also important in fish (Liley, 1982; 
Liley and Stacey, 1983; Stacey et al., 1986). Reproductive organs, skin, mucus, 
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urophysis and urine are claimed to be sources of, or transporters of, phero- 
mones. Gonadal steroid glucuronides appear to function as sex attractants and 
ovulation inducers in zebrafish, Bruchydanio rerio (Van Den Hurk and Lam- 
bert, 1983; Lambert et al., 1986; Van Den Hurk et al., 1987). Likewise, Col- 
ombo et al. (1980, 1982) demonstrated that etiocholanolone glucuronide 
produced by the mesorchial gland of male black goby, Gorbius jozo, serves as 
an attractant for female conspecifics. 

Steroid glucuronides are produced in postovulatory ovaries (Lambert and 
Van Den Hurk, 1982), in testis (Schoonen and Lambert, 1986a) and in the 
seminal vesicle of African catfish, CZurias guriepi~~ ( Schoonen and Lambert, 
1986b). These conjugates may be involved in reproduction, since the capacity 
to form them in feral African catfish is markedly enhanced during the breeding 
season, both in testes and in the seminal vesicle (Resink et al., 1987b); an 
additional increase is observed in the latter organ during actual spawning 
(Resink et al., 1987a). The latter phenomenon is accompanied by a rise of 
circulating gonadotropin. 

In the present study we attempted to determine if ovulated and non-ovulated 
female African catfish show a preference for conspecifics of a particular sex, 
and whether this behaviour is due to pheromones perceived by olfaction. We 
also studied the pheromonal role of the testis and seminal vesicle separately in 
intersexual attraction and the possible influence of pheromones on plasma 
gonadotropin levels. 

MATERIAL AND METHODS 

Animals 

Mature male and female African catfish, Clarius gariepinus, (l-2 years old, 
300-600 g) were used. They were raised in the laboratory under an annual 
photoperiod normal for the time of year in The Netherlands. 

Fish were fed Trouvit trout pellets (Trouw, Putten, The Netherlands) at a 
rate of 2-3% of their body weight per day. 

Attraction tests 

Attraction tests were performed in a 200-l U-shaped glass maze consisting 
of a testing chamber and two end arm compartments (Fig. 1) . The testing 
chamber was built up from two side compartments (50 x 100 cm ) and a con- 
necting mid compartment ,( 25 x 100 cm). The side arms were each partitioned 
into two sections, the side compartment and the end arm compartment, by an 
opaque perforated partition (diameter of holes, 5 mm) placed 45 cm from the 
rear wall. The bottom of the tanks was covered with 1 cm of gravel. Except for 
the front, all aquarium windows were painted black. Dec~o~nated and cop- 
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Fig. 1. Diagrammatic view of the U-shaped two-choice maze showing the tasting chamber (TC) , 
the end arm compartmenta (EC), the perforated partitions, water inlets and water outlet. The 
testing chamber is composed of a mid compartment (MC ) and two side compartments (SC). 

per-free tap water at 27°C was led into each side compartment at 0.25 I/mm; 
water flowed out through a central drain. The water level in each aquarium 
was 16 cm. 

Single female catfish were placed into the testing chamber. In addition, male 
or female catfish of equal size and age were placed into the end arm compart- 
ments as odor sources. Fish in the testing chamber were observed with video 
equipment, located in another room. Fish were pre-adapted to testing condi- 
tions by placing them in the test maze 2 days before each experiment. They 
were not fed during this period. Unovulated fish, placed in the testing chamber 
of the test system, were continuously observed for 60 min between 10.00 and 
12.00 h, and the time spent in the mid compartment and in each of the two 
side compartments was calculated. Ovulation in test females was induced by 
injecting at 17.00 h with 5 mg pimozide (a gift from Jansen Ph~maceuticals 
Ltd, Beersum, Belgium) and 0.05 mg LI-IRHa ( Des-Glyl’ [D-Alas] LHRH 
ethylamide; a gift from Dr. J.Th. Gielen, Intervet International B.V., Boxmeer, 
The Netherlands) per kg bodyweight, suspended in a vehicle of 0.8% NaCl, 
0.1% sodium metabisulphite and 0.25% bovine serum albumin (BSA, fraction 
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V; Sigma), according to De Leeuw et al. (1985). Control fish were injected 
with an equivalent volume of the pimozide-L~RHa vehicle. Between 10.00 and 
12.00 h on the next day, the time spent by the female in the different com- 
partments of the testing chamber was again scored continuously for 60 min. 
Tests in which fish remained motionless for more than 15 min during the 
observation period were excluded. All test aquaria were thoroughly rinsed with 
tapwater before each experiment. 

Blood samples were taken from fish in the end arm compa~ments by punc- 
turing the caudal vasculature using heparinized syringes, when they were placed 
in the test system and again at the end of an experiment, i.e. 20 h after injection 
of the female in the testing chamber. Blood samples were centrifuged (for 10 
min at 800 g and 4’ C ) and plasma stored at - 20’ C until assayed. 

Experiment 1 

In the first series of attraction experiments females were allowed to choose 
between a male in one end arm compartment and a female in the other. Anosmic 
or sham-operated female catfish were tested. Females were made anosmic 4 
days before the start of the experiment by anaesthetizing them with a 1% solu- 
tion of 2-phenoxy-ethanol pipetted onto the gills, boring a hole (4 x 6 mm) 
with a dental drill in the skull above the olfactory tracts, removing the fat and 
cranial fluid by gentle aspiration and sectioning both olfactory tracts. The hole 
in the skull was then filled up with molten cacao butter. Sham-operated female 
fish were exposed to similar surgical conditions, but the olfactory tracts were 
not sectioned. Sham-operated females were injected with pimozide-LHRHa 
(n=9) or vehicle (n= 10) ; anosmic females received pimozide-LHRHa 
( n = 10). Ovulation was checked by the release of eggs from the ovipore follow- 
ing slight pressure on the abdomen. 

Experiment 2 

In the second series of experiments females (n= 10) were offered the choice 
between a male, whose seminal vesicle was surgically extirpated, in one end 
arm compartment and a sham-operated male in the other. In another set of 
experiments, females ( n = 9) were subjected to a fish without testes and a sham- 
operated male in the opposite end arm compartment. 

Testes and seminal vesicles were removed through a 4 cm incision in the 
abdomen of anaesthetized fish. The wound was sutured with silk (USP 3/O, 
Serag Weissner) . Sham-operated fish were exposed to similar surgical condi- 
tions, but their testes and seminal vesicles were not removed. Operated fish 
were permitted to recover for 2 weeks in separate aquaria. At the end of each 
experiment, gonadosomatic index (GSI) and seminal vesicle somatic index 
( SVSI) were determined, i.e. GSI = (testes weight/body weight) x 100; 
SVSI = ( seminal vesicle weight/body weight) x 100. 
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GTH measurement 

The gonadotropin (GTH) content in the blood plasma was measured using 
a homologous radioimmunoassay for catfish GTH according to the method of 
(Goos et al., 1986). The most important characteristics of this assay are its 
accuracy of 4-8% and its range of 0.4-6.3 ng GTH/ml plasma for 100~,~l plasma 
samples. 

Statistical analysis 

The means of GTH, GSI, SVSI and the percentage time spent by the test 
female in the different compartments are given with the standard error of the 
mean (SEM). GTH, GSI and SVSI values of different groups of fish were 
compared with a Student’s t-test. A paired t-test was used to compare GTH 
values and percentage time spent in a compartment before and after injection 
with pimozide-LHRHa or vehicle, and to compare percentage time spent in 
the different side compartments by the same fish ( Sokal and Rohlf, 1969). 

RESULTS 

Experiment 1 

Test females ovulated when injected with pimozide-LHRHa. These females 
spent significantly more time in the side compartment with the intact male 
fish (Fig. 2). This preference was absent before these females were injected 
with pimozide-LHRHa and when unovulated females, injected with vehicle, 
were tested. Ovulated female fish which were also rendered anosmic did not 
show a preference for the side compartment holding a male fish. When the 
perforated partition separating the male from the ovulated female fish was 
removed, ovulated females approached and butted the males repeatedly, which 
finally led to spawning acts as described by Bruton (1979) and Van Der Waal 
(1974 ) . These spawning activities resulted in viable larvae. 

Plasma GTH levels in male and in female fish that were stocked in the end 
arm compartments during this experiment are shown in Figs. 3 and 4 respec- 
tively. At the end of experiments, GTH values in these female fish were dis- 
tinctly elevated as compared to those at the start of the experiments. In these 
females, the highest values were observed after hormonally induced ovulation 
of anosmic or sham-operated fish from the mid section. In males, GTH levels 
were slightly elevated after ovulation of the test females. 

Experiment 2 

When given the choice between a sham-operated and a seminal vesicle-extir- 
pated male, ovulated females spent significantly more time on the side of the 
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Fig. 2. Mean percentage time spent in the side compartment extending to the end arm compart- 
ment with a male (Male-SC), with a female (Female-SC) or the mid compartment (MC) by a 
sham-operated female (SHAM) injected with vehicle (no ovulation, n = 10) or pimozide-LHRHa 
(ovulation, n = 9), or an anosmic female ( ANOSMIC) injected with pimozide-LHRHa (ovula- 
tion, n = 10). The situations before and after injection, and the change due to injection of the 
female in the testing chamber (TC) are shown. Values are means k SEM. Significant difference, 
PcO.05; significant increase/ decrease, **P-c 0.01. 

maze holding the intact male compared with the situation before ovulation 
( Fig. 5 ) _ Unovulated females, however, spent significantly more time near the 
end arm compartment holding a male without seminal vesicle. Plasma GTH 
levels in seminal vesicle-extirpated males did not change during these experi- 
ments; sham-operated males, however, showed significantly increased GTH 



121 

,=I Sham (TC) 
Vehicle 1n1 

m Sham [TCI 
PIM -LHRHa I”] 

= Anosmrc (TC) 
PIM -LHRHa in]. 

3 Female o Sham [TC) 
Vehicle ml. 

= Sham (TC) 
PIM -LHRHa ml. 

4 Male 

w Anosmlc (TCI 
PIM -LHRHa ml. 

2 

0 - 
before injection after InfectIon before qection after Infection 

Fig. 3.Mean plasma GTH levels in female catfish stocked in the end arm compartments, before 
and after injection of sham-operated ( Sham) females from the testing chamber (TC) with vehicle 
(no ovulation, n = 10) or pimozide-LHRHa (ovulation, n = 9), or anosmic ( Anosmic) females 
injected with pimozide-LHRHa (ovulation, n = 10). Values are means k SEM. Significant dif- 
ference, PcO.05; significant increase/decrease, *P<O.O5, **P<O.Ol. 
Fig. 4. Mean plasma GTH levels in male catfish stocked in the end arm compartments (EC), 
before and after injection of sham-operated (Sham) females from the testing chamber (TC) with 
vehicle (no ovulation, n= 10) or pimozide-LHRHa (ovulation, n=9), or anosmic (Anosmic) 
females injected with pimozide-LHRHa (ovulation, n = 10). Values are means + SEM. Signifi- 
cant difference, PcO.05; significant increase/decrease, *PC 0.05. 
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Fig. 5. Mean percentage time spent by females (n = 10) in the side compartment extending to the 
end compartment with a sham-operated male (SHAM-SC), with a seminal vesicle-extirpated 
male (SIX-SC) or the mid compartment (MC). The situations before and after and the change 
due to injection of the female in the testing chamber (TC) with vehicle (no ovulation) or pimo- 
zide-LHRHa (ovulation) are shown. Values are means & SEM. Significant difference, P-c 0.05, 
significant increase/decrease, **P<O.Ol. 
Fig. 6. Mean plasma GTH levels in sham-operated (Sham, n= 10) and seminal vesicle-extirpated 
(SVX, n = 10) males stocked in the end arm compartments, before and after injection of a female 
in the testing chamber with pimozide-LHRHa. Values are means & SEM. Significant difference, 
P< 0.05; significant increase/decrease, *PC 0.05. 
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Fig. ‘7. As Fig. 5, but with a testes-extirpated male (n=9) instead of a seminal vesicle-extirpated 
male in one of the end arm compartments. TX-SC: side compartment extending to the end arm 
compartment with a testes-extirpated male. Significant increase/decrease ***PC 0.005. 
Fig. 8. As Fig. 6, but with testes-extirpated males (TX, n = 9) instead of seminal vesicle-extirpated 
fish. 
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Fig. 9. Mean gonadosomatic index (GSI) in sham-operated (Sham, n= 10) and seminal vesicle- 
extirpated (SVX, n = 10) males; mean seminal vesicle somatic index (SVSI) in sham-operated 
( Sham, n = 9) and testes-extirpated (TX, n = 9) males. Values are means + SEM. Data of males 
were compared with those of sham-operated males. *P<O.O5. 

values (Fig. 6). GSI values of seminal vesicle-extirpated males were not sig- 
nificantly different (Fig. 9) when compared to sham-operated males. 

When subjected to a castrated male and a sham-operated male, ovulated 
females spent more time in the compartment at the side of the male without 
testes (Fig. 7). In these experiments, GTH levels in sham-operated fish did 
not change (Fig. 8)) but those of castrated fish had increased. At the end of 
the experiments, 2 weeks after the operation, castrated fish showed elevated 
SVSI values ( Fig. 9 ) . 
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DISCUSSION 

Unovulated female Cl&as guriepinus did not show a significant preference 
for the odor of either a male or a female; neither did they show a significant 
preference when subjected to males without testes and intact males. Unovu- 
lated females, however, appear strongly attracted to seminal vesicle-extirpated 
fish. Seminal vesicles in males thus seem to secrete an odor that makes them 
less attractive for unovulated females. In the catfish, Ictalurtls melas, seminal 
vesicle extracts appeared to be involved in both avoidance and attraction 
responses (Rubec and Thomas, 19’79). In addition, extracts of skin and urine 
evoked similar responses in this species. Rubec (1979) attempted to fraction- 
ate and identify the active constituent in the urine of lctulurus melas and con- 
cluded that at least two pheromones are present, one lipid and the other 
proteinaceous. Changes in the proportion of the two pheromones in the urine 
appear to depend on the physiological state of the donor. 

Ovulated females are attracted to males. This intersexual attraction response 
appears to be due to chemical signals, since anosmic ovulated females did not 
show a preference for males. Similar observations have also been reported for 
other teleosts. Ict~~ur~ species recognize sex odor (Todd et al., 1967; Kendle, 
1970; Richards, 1974). Attractiveness of males for females has also been found 
in Salmo guirdneri (Newcombe and Hartman, 1973)) Blennius pu~o ( Laumen 
et al., 1974)) several Belontiid species (Lee and Ingersoll, 1979)) Petromyzon 
marinus (Teeter, 1980) and Gob& jozo (Colombo et al,, 1980,1982). Percep- 
tion of pheromones by olfaction was demonstrated in ~~t~ygo~i~ soporator 
(Tavolga, 1976)) Carussius aurutus (Partridge et al., 1976)) Plecoglossus altiu- 
elk (Honda, 1979) and Bruchydunio rerio (Van Den Hurk and Lambert, 1983). 
These chemical messengers may either be steroid hormones (Johansen, 1985; 
Stacey and Sorensen, 1987) or conjugated steroids, like steroid giucuronides 
( Colombo et al., 1980,1982; Van Den Hurk and Lambert, 1983; Lambert et al., 
1986; Van Den Hurk et al., 1987). In CL&us gariep~n~, the seminal vesicle is 
an important source of steroid glucuronides (Schoonen and Lambert, 1986b), 

These data show that the seminal vesicle in African catfish emits sex attrac- 
tants, since ovulated females prefer intact male fish to seminal vesicle-extir- 
pated males, and castrated fish having enlarged seminal vesicles to intact males. 
Seminal vesicles were previously indicated as pheromone producers in fctulu- 
rus melas (Rubec and Thomas, 1979). In male Gobius jozo (Colombo et al., 
1980), the mesorchial gland has a similar function. Furthermore, testes, milt, 
anal fin appendages, skin, mucus and urine were shown to contain sex phero- 
mones in several male teleost species (for reviews, see Colombo et al., 1982; 
Liley, 1982; Liley and Stacey, 1983; Stacey et al., 1986 ) . 

Stimulation of male pheromone production after treatment with gonadotro- 
pin was demonstrated in Blennius pave (Laumen et al,, 1974). Enlargement 
of the seminal vesicle after castration in the catfish Heteropneustes fossilis 
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(Sundararaj and Nayyar, 1969) led the authors to suggest that this castration 
effect might be due to stimulation by gonadotropin. Castration in Clurius gar- 
ipienus indeed results in a rise of circulating GTH, which is followed by a decline 
within 2 weeks of surgery (De Leeuw et al., 1986). GTH values of castrated 
catfish in the present study were not elevated 2 weeks following surgery. 

Attraction of an ovulated female to a male is followed by a series of spawning 
activities when the partition between them is removed, Sex attractants in Chr- 
ius guriepinus are thus probably essential for successful spawning. An ovulated 
catfish showed her attention for the male by repeatedly approaching and but- 
ting him. This stimulates the male to chase the female, finally leading to ovi- 
position. The attraction of ovulated female African catfish to male conspecifics 
was not seen previously (Van Der Waal, 1974; Bruton, 19’79). In Clarius b&u- 
&us, however, similar approaching actions were observed (Thakur, 1976). 

One can only speculate about the physiological regulation of female interest 
in males and reproductive behaviour. In female guppies, blood estrogen levels 
are considered to stimulate their reproductive behaviour (Liley, 1972). In 
goldfish, prostaglandins produced in the postovulatory ovary stimulate repro- 
ductive behaviour, the responsiveness for these compound probably being 
influenced by gonadotropic and steroid hormones (Liley and Stacey, 1983). 
In feral African catfish, ovulation is accompanied by a strong gonadotropin 
output (Resink et al., 1987a) and conspicuous changes in ovarian steroidoge- 
nesis ( Lambert and Van Den Hurk, 1982; Schoonen et al., 1987). Endogenous 
hormonal changes in fish thus may regulate a female’s interest in males and 
the following reproductive behaviour. On the other hand, posto~latory ova- 
ries are frequently considered as sources of pheromones (for reviews, see Col- 
ombo et al., 1982; Liley and Stacey, 1983; Stacey et al., 1986). Several reports 
referred to the steroid glucuronide nature of such ovarian pheromones (Van 
Den Hurk and Lambert, 1983). In African catfish, Lambert and Van Den Hurk 
(1982 ) showed that testosterone glucuronide could only be synthesized in pos- 
tovulatory ovaries. Keeping these data in mind, it may not be overlooked that 
postovulatory pheromones of female Clarias guriepinus may influence the sex- 
ual behaviour of the fish either directly or indirectly via a stimulation of male 
pheromone production. 

At the end of attraction tests with unovulated catfish in the testing chamber 
confronted with a male and another female in the end arm ~ompa~ments, 
plasma GTH values were slightly increased in the latter females. Apparently, 
the stay in the test system itself stimulates plasma GTH levels in female fish. 
This may be due to favourable environmental conditions, such as low stocking 
density, low water level, gravel bottom and high water temperature. An addi- 
tional stimulation of GTH output in female fish from end arm compartiments 
took place when the female in the testing chamber had ovulated. Furthermore, 
unlike unattractive males, attractive males also showed enhanced GTH levels 
after a confrontation with ovulated females. The rise in plasma GTH content 
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in both male and female catfish from the end arm compartments after ovula- 

tion of a female in the testing chamber might be due to postovulatory phero- 
mones produced by the latter fish. Gonadotropin release stimulated by 
pheromones is well known in higher vertebrates (Bronson, 1971; Maruniak 
and Bronson, 1976; Kamel et al., 1977; Maruniak et al., 1978; Aron, 1979; 
Harding, 1981) . Recently, Kobayashi et al. (1986) demonstrated that phero- 
mones from ovulated goldfish evoke a GTH surge in male conspecifics. 
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