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Original Research Article

Induced reproduction of Clarias gariepinus (Burchell 1822), African catfish, through hormonal induction using Ovaprim at the Aquaculture and Mytiliculture Research Center of Senegal (CRAMS).

	Abstract

Aims:
This study aimed to evaluate the effectiveness of hormonal induction using Ovaprim, an analogue of Human Chorionic Gonadotropin (HCG), in triggering artificial reproduction in African catfish (Clarias gariepinus) under captive conditions, while considering interacting biotic and abiotic factors.

Study Design:
This was an experimental study.

Place and Duration of Study:
The experiment was conducted at a fish breeding facility under controlled pond conditions over a defined breeding period [specify months/year if required].

Methodology:
Sexually mature female African catfish were hormonally induced using Ovaprim. Male broodstock were selected based on gonadal maturity. After induction, eggs were collected through siphoning and fertilized using milt obtained from selected males. Reproductive performance was evaluated using absolute and relative fecundity, fertilization rate, and hatching rate as indicators of egg viability. Environmental conditions and handling techniques were carefully monitored throughout the experiment.

Results:
Hormonal induction with Ovaprim successfully triggered ovulation in mature females. Reproductive success varied according to broodstock quality and handling procedures. Higher fecundity, fertilization, and hatching rates were observed in females with advanced sexual maturity and when proper siphoning techniques were applied. Effective male selection also significantly influenced fertilization success. The results indicate that Ovaprim is effective in inducing artificial reproduction; however, outcomes are strongly influenced by broodstock condition and management practices rather than hormonal treatment alone
. 
Conclusion:
Artificial reproduction of African catfish using Ovaprim is feasible and effective under captive conditions. Successful outcomes depend not only on hormonal induction but also on proper broodstock selection, female sexual maturity, and appropriate egg handling techniques. Optimizing these factors can significantly improve reproductive efficiency in African catfish aquaculture.
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1. Introduction 

Natural reproduction in living organisms is a biological process through which ichthyological species renew themselves via recruitment to maintain stable fish stocks. For temperate zone fish, especially Clarias gariepinus, reproduction occurs seasonally (Legendre, Jalabert, 1988). Ducarmel and Micha (2003) suggest that in its natural environment, the breeding of catfish occurs during the rainy season and is triggered by environmental stimuli such as changes in water temperature and conductivity, alterations in photoperiod (relative length of day and night), and rising water levels due to floods. These stimuli act as primary triggers, causing reactions in different parts of the brain involved in the reproductive process (hypothalamus, then pituitary gland), leading to the release of gonadotropin hormones (Fermon, Y. (2011). These hormones, naturally diluted in the blood, immediately induce the final maturation of ova within a few hours depending on the temperature (Paugy et al., 2004). Once expelled by the female, these ova, after a nocturnal courtship, are fertilized by the male releasing milt onto them. This reproduction without any hormonal induction for ovulation in catfish yields mediocre results in terms of egg and fry production, leading producers to opt for artificial reproduction (Levêque and Paugy, 2006).

Artificial reproduction applies only to fish bred in ponds and differs from natural reproduction as ovum maturation is induced by hormonal stimulation due to the absence of environmental stimuli in breeding ponds (Ducarme & Micha., 2003). Hormonal induction facilitates spontaneous ovulation, either through hypophysation (injection of an aqueous extract of pituitary glands into a fish's body to induce ovulation) or, in our case, using Ovaprim (a gonadotropin-releasing hormone analogue).

Hypophysation induction requires sacrificing one or two males. When the male's weight is lower than that of the female, two males are needed to inject pituitary extracts into a female to induce ovulation (Gilles, Dugué and  Slembrouck , 2001). Conversely, induction using Ovaprim only incurs the cost of the hormone itself, which is lower compared to estimating the cost of sacrificed male fish for hypophysation, considering the difficulty in obtaining breeding catfish due to their scarcity in Senegal. Enhancing the success rate and reducing costs of artificial reproduction of African catfish could rely on the method of hormonal induction using Ovaprim.

To address this issue, it's interesting to consider abiotic factors influencing the breeders during this experiment, the protocol adopted, and the survival monitoring of larvae until the fingerling stage
. 
2. Material and methods 
2.1. Site location

The study site is the Aquaculture and Mussel Research Center of Senegal (CRAM), located in Mbodiène on the Petite-Côte, in the Thiès region, between Mbour and Joal-Fadiouth in Senegal. It is geolocated at coordinates LN 14°13'47.7"N 16°52'23.7"W and LE 14.229938, -16.873254.

2.2. Material
2.2.1.  Biological material
First and foremost, it is necessary to have the biological material that constitutes the focus of the experiment. Ours revolves around Clarias gariepinus, also known as the African catfish. At the site where this species was bred, totaling 380 individuals, during several months, we selected twelve (12) females and three (03) males that were the subjects of our experiment
.

2.2.2. Plant material

The plant material used in this experiment is the Nile lettuce or water hyacinths, which are involved during the siphoning process after the fertilization phase. These plants enable effective siphoning by attracting fertilized eggs around their roots.

2.2.3. Hormonal material : Ovaprim 
Ovaprim is a liquid peptide preparation containing an analogue of salmon gonadotropin-releasing hormone (sGnRHa) and a cerebral neurotransmitter inhibitor (dopamine). The sGnRHa in Ovaprim triggers the release of stored gonadotropins by the pituitary gland. The dopamine inhibitor (domperidone) is used to eliminate other inhibitions of GnRH release. The release of stored pituitary gonadostimulins can facilitate spawning by stimulating ovulation and spermiation in sexually mature fish (Chikou et al., 2008). Its molecular formula is C64H83N17O12.
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Figure 1 : Molecular structure of sGnRHa

2.2.4. Experimental material
For the successful conduct of this study, the following equipment was used :

· 02 Plastic trays

· Bonvoisin brand balance ; precision 0.01g, weight 200-5000g, LCD display

· 02 plastic buckets of 5 L

· 02 plastic drums of 120L with lids

· 01 pond scoop net

· Towels and absorbent papers

· 01 multi-parameter probe

· 01 surgical kit

· Bottle of physiological serum : NaCl at 0.9% in sterile distilled water

· Plankton net: Length 60cm, Mouth diameter 20cm, Mesh size 10µm

· Improved garlic press

2.3. Experimental protocol

2.3.1.  The feeding and selection of breeders 

Fish were initially sorted based on their weights, ranging from 500 g to 1000 g. Subsequently, a selection process was conducted among the larger fish (both males and females) to identify the most mature and suitable breeding females (characterized by a well-rounded and inflated abdomen that, under slight pressure, releases some eggs) and suitable males (selecting the largest ones, often indicative of well-developed testicles filled with milky sperm) (Ducarme and Micha, 2003; Rukera Tabaro, Micha, and Ducarme, 2005).

We prepared a tank measuring 300 cm in length, 60 cm in width, and 80 cm in depth, totaling a volume of 1.44 m³, divided into three equal compartments lengthwise to accommodate one female in each during the experiment. The tank was filled with water at a temperature ranging between 28°C and 30°C. To regulate the temperature, two probes were used, and a tarp was employed to cover the tank and maintain an internal temperature of 28°C. The males were placed inside one of the storage basins, separated from other fish using a partition.

The females in the tank were fasted for 12 hours (this was done to acclimate them to the temperature and also to prepare their metabolism), while the males in the partitioned area were continually fed.

Table 1 : Weight of Selected Breeders
	1st experiment
	2nd experiment

	FEMALES
	500g
	700g
	1100g
	400g
	420g
	480g

	MALES
	500g
	1400g
	1300g
	
	
	


2.3.2. Final maturation of females using Ovaprim

Females were removed from the tank 12 hours after their installation. They each received an intramuscular injection in their dorsal muscles of a dose of Ovaprim at a rate of 0.5 ml/kg. We will denote F5 as the female weighing 500g, F7 as the female weighing 700g, F11 as the female weighing 1100g, F4 as the female weighing 400g, F42 as the female weighing 420g, and F48 as the female weighing 480g
.

Table 2 : Quantity of ovaprim hormone injected in females based on their weight

	FEMALES
	   F5
	   F7
	  F11
	  F4
	   F42
	   F48

	Ovaprim (ml)
	  0.25
	  0.35
	0.55
	  0.20
	   0.21
	0.24


2.3.3. Artificial Fertilization 

After an eight-hour wait, the females are once again removed from the tanks to extract their eggs. Two individuals hold the tail and head of the female fish using towels, while another person stands between them and gently squeezes the female's abdomen into a thoroughly dried container, without any water, using slightly moistened hands (to avoid causing skin irritation to the female, as dry hands could potentially cause friction against her skin). The eggs pass through the female's urogenital opening. Pressure ceases when no more eggs are released or when the few drops of blood from the female's opening diminish. Care must be taken not to mix these drops of blood with the collected eggs.

The males are removed from the breeding grounds and euthanized. A ventral incision is made to extract the well-shredded testes using scissors, to release the milt directly into the container containing the eggs. The eggs and milt are then mixed for a minimum of 5 minutes to facilitate fertilization. Subsequently, 2 ml of physiological serum solution is added, and stirring continues for another minute before adding mineral water, pouring the mixture onto a tray (L 80 cm x W 40 cm x H 5 cm) placed in another tank for incubation. Three trays are used to contain the eggs from the three females used in each experiment.

2.3.4. Incubation 

The process lasted for 48 hours and occurred in a tank containing clean water with the same temperature as the tank housing the females (28°C). The tank was covered with a black tarp to prevent any interaction with the external environment.

After these 48 hours, it was possible to differentiate between fertilized and unfertilized eggs based on their color. Unfertilized eggs appeared white, while fertilized ones showed a transparent brownish-green hue. We removed the fertilized eggs to prevent fungal development, using siphoning to separate them from the unfertilized ones. Our plant material became involved at this stage, as we utilized water hyacinths and Nile lettuce for siphoning the eggs, transferring the live ones directly into the tank, and removing the tray where the eggs were initially placed during incubation.

During each experiment, following siphoning, we removed the trays and collected the fertilized eggs from the three females directly into the incubation tank.

2.3.5. Care for females after egg laying

After fertilization, it is preferable to keep the females in clean water at a temperature similar to that of the breeding stock reservoirs where they were selected, for a duration of 3 hours. Subsequently, they will be reintroduced into these breeding stock reservoirs from which they were initially taken.

2.3.6. Larval Feeding 

After fertilization, it is preferable to keep the females for 3 hours. After three days following fertilization (24 hours after siphoning), we observed that the eggs have hatched, giving rise to larvae. These larvae measure 5 to 7 mm and weigh approximately 1.2 to 3.0 mg. They are fed with live zooplankton such as Artemia eggs at a frequency of two to three times per day.

· Preparation of artemia

The Artemia eggs are prepared 24 hours before larval feeding using a self-manufactured apparatus. This apparatus consists of a translucent conical bottle connected to an air pump via a wire. We fill the apparatus with previously boiled seawater for purification purposes. The water temperature in the apparatus is maintained at 28°C, regulated by a probe. We added Artemia eggs at a rate of 1g/l (preparing 2g for 2 liters). The apparatus was connected to ensure constant air circulation to prevent egg adhesion. Hatching occurs 24 hours later. The hatched eggs settle at the bottom of the bottle, while unhatched ones remain suspended. We siphoned them off using a siphoning tube, then rinsed them on a plankton net with tap water. Finally, we feed the larvae. At this stage, the larvae develop into fry at two weeks old, reaching a minimum weight of 100 mg. They are transferred to a larger, previously cleaned basin, where their diet is switched to fishmeal for almost a month before gradually transitioning to the breeders' diet once they reach a weight of 2g (Coppens, 2012).

    2.2.4.   Assessment Parameters

Our evaluation parameters for the success of the experiment are based on :

· Absolute fecundity : the total number of eggs laid before fertilization or eggs emitted by a female.

· Fertility rate : calculated based on the number of fertilized eggs compared to the total number of eggs laid.

· Hatching rate : calculated based on the number of larvae obtained compared to the total number of eggs laid.

· Viability of eggs at hatching and larval development stage : calculated in relation to the number of eggs obtained after hatching and the number of eggs remaining during larval development
.

3. RESULTS

After injection, the females are returned to the tank in their respective cages. The duration of action of the hormone Ovaprim on the maturation of females depends on the water temperature of the tank
.

Table 3 : Response time of injected hormones depends on the water temperature of the pond

	Water temperature
	Response time

	20 °C
	21h00

	21 °C
	18h00

	22 °C
	15h30

	23 °C
	13h30

	24 °C
	12h00

	25 °C
	11h00

	26 °C
	10h00

	27 °C
	09h00

	28 °C
	08h00

	29 °C
	07h30

	30 °C
	07h00


In our case, it took us 8 hours because the water temperature was at 28°C.

II.1.  Performances of artificial reproduction

Throughout the entire experiment, we observed no mortality among the parent fish despite the fact that the females were induced to spawn at a higher temperature than that of their storage tank.

Absolute fecundity in fish increases with the weight of the females. In C. gariepinus, the absolute fecundity is 39,000 eggs, which corresponds to 1733.33g in weight for a 500g female (Hogendoorn, 1983). Based on the spawning weight of the selected females for the two experiments, we obtained the following quantities of eggs : 
Table 4 : Quantity of eggs obtained based on the weight of the clutch
	1st experiment
	2nd experiment

	FEMALES
	F5
	F7
	F11
	F40
	F42
	F48

	Egg laying in g
	88
	10
	20
	80
	188
	25

	Egg laying in N
	1980
	225
	450
	1800
	4230
	562


The relative fecundity (Fr) was assessed by dividing the total number of oocytes for an individual by its body weight (Pt) (Chickou et al., 2008). According to Hogendoorn (1983), for a female weighing 500g, the absolute fecundity is 39,000 eggs, resulting in a relative fecundity of 78 eggs/g. This provides us with the following relative fecundities :

Table 5 : Relative fecundities (Fr) obtained during each of the two experiments

	
	1st experiment
	2nd experiment

	FEMALES
	F5
	F7
	F11
	F40
	F42
	F48

	Fr (eggs/g)
	3.96
	0.32
	0.04
	4.50
	10.07
	1.17


The results obtained after fertilization are recorded in Table 6. Consequently, we can calculate the fertility rate (TF) using the following formula :     

TF = (Number of fertilized eggs / Total number of incubated eggs) *100

We can thus obtain the following fertility rates calculated using the TF formula :

· 7.5% fertility rate obtained for the 1st experiment

· 75.8% fertility rate obtained for the 2nd experiment

The hatching rate (TE) is calculated using the following formula :

TE = (The number of larvae obtained / Total number of incubated eggs) *100

From fertilization to hatching, we recorded a mortality rate estimated at 60 eggs, representing a rate of 30% during the first experiment, and 500 eggs, representing a rate of 10% during the second experiment. Consequently, we reared 140 larvae during the growth phase for the first experiment and 4500 eggs for the second experiment.

Table 6: Number of larvae obtained after fertilization during each experiment

	
	1st experiment
	2nd experiment

	
	F5
	F7
	F11
	F40
	F42
	F48

	Fertilized eggs
	77
	80
	43
	1352
	3441
	207

	Total
	200
	5000


Here are the results obtained for the hatching rate (TE):

· 5.3% hatching rate recorded during the 1st experiment.

· 68.3% hatching rate recorded during the 2nd experiment.

We conducted two successive experiments aiming to understand the parameters involved in the success of this experiment and to improve the results obtained in the initial attempt. Stimulation of the maturity of selected female eggs was carried out while ensuring compliance with all necessary factors. The females were transported to a tank with a water volume of 1.44 m3 and a tank height of 80 cm.

II.2. The absolute and relative fecundities of the two trials.
We then utilized plastic probes to maintain the temperature at 28°C (it is important to note that the temperature within the tanks should be maintained between 28 and 30°C). A tarp was employed to cover the tank, aiming to preserve the water temperature inside. Consequently, all abiotic factors were regulated for optimal reproduction. Females were injected with Ovaprim according to their body weight (0.5 ml/kg). 
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Figure 2 : Absolute Fecundity (FA)

The selection criteria for breeders were well adhered (sexual maturity of females was determined by gently pressing the female's abdomen to check for egg release, while males were chosen based on their larger size). The weights of the selected breeders fall within the recommended weight range (between 500g and 1000g) except for F11, F40, F42, and F48, in order to assess the relationship between egg quantity and female weight.
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Figure 3 : Number of oocytes obtained as a function of the weight of the egg clutch from each female in both experiments
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Figure 4 : Relative fecundity (Fr) of females compared to the average relative fecundity (Average Fr)
II.3. The rates of fertilization and hatching

The fertilization rate observed in the second experiment is higher than that obtained in the first experiment (75.80 > 7.50). This difference might be explained by the selection of larger males in the second experiment, as larger ones provide more favorable milt for significantly better success. Additionally, the use of our customized garlic press allowed for better drainage of the testes to extract the milt, which could have contributed to this discrepancy. Moreover, it could also be attributed to the use of physiological serum during fertilization, which was not utilized in the initial trial.
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Figure 5 : Comparison between the fertilization rates of the two experiments with the Zango TF in 2016
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Figure 6 : Comparison of hatching rates (TE) between the two experiments with the TE of Rukera, Ducarme, and Micha in 2005
III. DISCUSSION
The artificial reproduction of catfish in Africa has so far resulted in low productivity. Despite its domestication since 1974 and its thriving production in Europe, Asia, and Latin America, African production remains stagnant. This is surprising given that this species is particularly appreciated by African consumers and is excellent for consumption, yet its farming hasn't seen much development in the region. Although the species is native to Africa and its domestication occurred within the continent, it appears that artificial reproduction techniques, as well as fry rearing and growth techniques, are still not widely known or that the conditions necessary for these techniques are not all met (Ducarme and Micha,  2003
).

Our study was launched to improve the catfish reproduction technique, considering the influence of abiotic factors on the success of the experiment while also attempting to avoid sacrificing male breeders due to the rarity of the species in the country. This led us to use an egg maturation hormone in female breeders : Ovaprim (Van Weerd, 1995).

According to Hogendoorn (1983) and Hinvi et al., (2019), there is a highly significant correlation between the size of the female and its fertility, which is exponentially related to length (mm) and linearly related to weight (g). During our study, we recorded absolute and relative fertility values independent of female weights (Fig. 7, Fig. 8, and Fig. 9).

Figures 7 and 8 show that as the weight of the spawn increases, the number of eggs also increases. Fig. 9, on the other hand, shows relatively lower relative fertility results than average but also independent of female weights. Thus, both absolute and relative fertility do not depend on the weight of the female, contradicting Hogendoorn's thesis (1983).

We then turn to the hypothesis that female fertility may be linked to their state of sexual maturity. When selecting females, the quantity of eggs released upon gently pressing their bellies indicates their state of sexual maturity. Females of the same age (8 months) may not reach sexual maturity at the same time (Uys and Hecht., 1985. This maturation occurs earlier in aquaculture conditions, where C. gariepinus reaches sexual maturity around seven (07) to ten (10) months (in ponds) (Viveen et al., 1985); eight (08) to ten (10) months, or at seven (07) months (Legendre et al., 1992), at a weight of 100 to 200 g (Lazard and Legendre, 1996). The state of sexual maturity of this species may be achieved in females aged between seven (07) to ten (10) months in the same way that this sexual maturity can occur when the female reaches a weight of more than 100g. This would explain why in the 2nd experiment, our females, all weighing less than 500g, all responded to hormonal stimulation. Therefore, females of the same age may not reach sexual maturity at the same time. Consequently, we may not follow the recommendation of selecting females in the weight range between 500 and 1000g for the experiment and rely on selection criteria (a well-inflated and dilated round abdomen that emits a few eggs under slight pressure
).

The fertilization and hatching rates

The best result of 75.8% doesn't exhibit a significant difference from that achieved by Zango in 2016 (87.5%), who used HCG hormone on females at a rate of 4000 UI/kg (4 mg/kg). Our best hatching rate was obtained during our second experiment, at 68.3%, insignificantly higher by 3.7 compared to Rukera, Ducarme, and Micha in 2005, who also used Ovaprim. This result might be explained by a more regular siphoning method. In fact, in our initial experiment, we siphoned only once before depositing the fertilized eggs directly into the incubation tank. However, we later realized too late that a single siphoning was insufficient, given the presence of dead eggs and feed observed at the bottom of the tank. These dead eggs represent a source of toxicity that could increase the mortality rate of the remaining live eggs, and the excess feed accumulating at the bottom of the tank pollutes the water in which these eggs develop. This led us to adopt a more regular siphoning process (every 2 days for 15 days) of the live eggs to transfer them to another tank for cleaning and water change. Consequently, we observed significantly better results with a hatching rate much higher than that obtained initially (68.3 > 5.3).

Conclusion

This study is undertaken after a series of documentation and research on the efficacy of Ovaprim in hormonally inducing reproduction in the African catfish, also known as Clarias gariepinus. Mastering environmental factors, especially temperature, is essential to ensure that broodstock are placed in optimal rearing conditions for the success of the experiment. We observed that the hormone's effectiveness in inducing ovulation in females does not depend on their body weights but rather on their state of sexual maturity (effective in all females that have reached sexual maturity). Egg mortality from incubation to the fry stage is not primarily caused by the effects of the hormone but rather by poor rearing techniques, possibly due to limited milt obtained from males or inadequate siphoning techniques. Furthermore, it would be more prudent to focus on perspectives such as:

- Improving the diet of male broodstock in storage ponds by changing their diet two (02) weeks before experiments to a diet consisting of small organisms living in the aquatic environment to obtain larger individuals.

- Not relying on a single siphoning event but instead conducting regular siphoning (every two days) to prevent the accumulation of toxic waste that may affect egg survival
. 
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