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Abstract

The African catfish Clarias gariepinus is the second most cultured species in many African countries, including Senegal.
Despite its economic importance in local aquaculture, artificial propagation of the species that would allow obtaining quality
seed throughout the year has not yet been mastered adequately. This study aimed at producing C. gariepinus quality and
mass supply seed to enhance local production. Three different types of incubation (Macdonald's bottle, water lettuce and wire
mesh frame) were tested to identify the most efficient and accessible method for the producers at low cost and with a high
hatching rate. The hatching rates obtained for the three different incubation methods were 26.9%, 10.0% and 6.3% for the
Macdonald bottle (MB), wire frame (WF) and water lettuce (WL), respectively, while the corresponding survival rates were
91.6%, 70.4% and 77.8%.77.8%. The high hatching rate obtained with the MB could be due to the influence of permanent
water circulation, which is absent in the other two hatching systems. The survival rates decreased 15 days after hatching and
were 3.24%, 2.04% and 7.16%, respectively. The survival rates obtained three days after hatching were satisfactory, but the
significant decrease at 15 days after hatching especially during the post- weaning phase seems to be due to the food quality,
and unrelated to the hatching system. The daily individual growth, weight gain and body size of the larvae was significantly
higher for larvae fed with natural food compared those that received artificial food. These results indicate that larvae preferred
and fed the natural food which was permanently available in the rearing tanks. The artificial food deposited on the bottom
of the tank changes appearance over time and may not be appreciated and efficiently consumed by the larvae, which may
negatively impact their growth performance.

Keywords: Clarias gariepinus, Ovaprim, African sharptooth catfish, Fry, Natural Food, Reproduction

Introduction

Fisheries and aquaculture are importance sources of food for the
world population, especially in the poor countries with nutrition
limited income [1,2]. The contribution of the aquaculture sector to
supply fish for human consumption for the first time overtook that
of fisheries captures in 2015 [2]. Since then, aquaculture remains
a fast-growing sector and its contribution towards food security
and nutrition continues to increase. Aquaculture is experiencing
a considerable and indisputable boom, while the state of fishery
resources shows that 33.1% of worldwide stocks exploited by ma-
rine fisheries were classified as overfished in 2015 [3]. Overfishing
not only has negative ecological consequences for the entire eco-

system, but it also leads to a drop in fish production (90 million
tonnes in recent decades) [3], which in turn can have negative so-
cio-economic impacts. Thus, aquaculture is an alternative to fill
the gap linked to the decrease in fishing as a food production sec-
tor, given the constraints linked to food security. However, prog-
ress remains comparatively less visible on the African continent,
despite its considerable potential. Among the number of problems
recognized as slowing down the development of aquaculture oper-
ations on the African continent, is the lack of hatchery which mass
produce larvae throughout the year [4].

The African sharptooth catfish Clarias gariepinus Burchell, 1822,
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is a species of high economic value which is widely encountered
in calm continental waters, lakes, swamps and rivers, but also in
fast flowing rivers [5-8]. The species inhabits shallow and turbid
waters as well as clear and deep waters [9,10]. Its commercial im-
portance, wide environmental tolerance range and relative ease of
breeding and rearing offspring make the species the second most
common aquaculture species on the African countries after tilapia
[11,12]. Like many African freshwater fish species, reproductive
success in C. gariepinus is optimal during the long rainy seasons
[13]. Observations made on males and females of different stocks
in experimental environments have shown that they are mature and
capable to reproduce from an age of 7 to 10 months [14]. Likewise,
increases in temperature and photoperiodicity in the natural envi-
ronment promote gonadal development and sexual maturity, which
are followed by spawning during rising waters [7]. The quantity of
eggs obtained from a female by manual extraction represent up to
25% (relative fertility) of her body weight [15]. On average, there
are 600 to 800 eggs per gram of ovary, and a spawner of around
500g body mass can lay 75,000 to 100,000 eggs (absolute
fertility). The spawning areas of C. gariepinus are freshly flooded
water bodies, particularly where the water is calm and shallow.
Male sperm, which are immobile in the seminal glands, become
mobile after contact with water. This mobility is enabled by a fla-
gellum, which becomes active within 30 to 60 seconds [16]. The
courtship display can last several hours after which the female lays
her eggs in small groups. Then, the male drops his sperm above
the eggs and the female disperses the fertilized eggs with her tail.
There is no parental care, which has a strong impact on the surviv-
al rate [15].

Clarias gariepinus is a species of high economic value that has
great potential for aquaculture in many countries. Its introduc-
tion into several areas has been shown to be beneficial due to its
adaptability to different environments [14]. However, the species
reproduces in captivity only if all required conditions for the re-
production in natural environment are fulfilled, which often is
difficult to realize. The species can only reproduce in an artificial
environment with human intervention, which generally consists
of imitating environmental conditions of the wild or performing a
hormonal induction. The first attempt at artificial reproduction of
C. gariepinus dates back to the 1970s-1980s [14,17-18]. Then, the
implementation of nursery in the farming facilities and the man-
ufacturing of artificial food began to be mastered, which allowed
the development of semi-intensive and, subsequently, intensive
farming of this species [19]. Since then considerable research on
artificial reproduction has been conducted, and has resulted in sig-
nificant progress in yield, which is essentially linked to the rate of
fertilization, hatching and survival rate of the larvae [15,19-26]
The success of this artificial method is also linked to the incubation
conditions including the quantity of eggs, water temperature, pH,
dissolved oxygen and the state of the broodstock (stress, matura-
tion stage) [21]. Most of these studies used synthetic hormones
such as ovaprim, human chorionic gonadotropin (HCG) and de-

oxycorticosterone acetate (Doca) or pituitary gland extract of C.
gariepinus and Nile tilapia Oreochromis niloticus to induce the
artificial reproduction. This artificial reproduction method allowed
obtaining larvae throughout the year.

The main objective of this study was to offer local producers an
efficient artificial propagation method and a good larval breeding
technique that will permit the mass production of C. gariepinus
in the local farms. The implementation of such an approach can
potentially improve the fertilization and hatching rates, optimize
the egg protection against enemies and unfavorable environmen-
tal conditions, and create optimal conditions for larval survival
and growth. The decision to focus on this species is motivated by
its economic importance but also its high tolerance to poor water
quality, the ability to accept a variety of food, and good resistance
to disease. The species has a good growth rate and its flesh is ap-
preciated.

Material and Methods

Experimental facility and acquisition of spawners

The experiments of this study were conducted in the facility of
ISRA/IRD located in the IRD campus of Bel-Air in Dakar, Sen-
egal. This facility has four 3000L broodstock tanks, six aquaria
that serve as a sex reversal table for producing tilapia monosex
male populations (male tilapia are preferred for culture because
their faster growth) from fry that have already absorbed the yolk
sac, and 12 aquaria for the magnification of the fry having left
the inversion table. It has also five 1000L tanks used for the mass
enlargement of the fry, and for male broodstock housing and the
reproduction, an incubator where eggs are placed for hatching,
eight Macdonalds bottles and a 1000L tank which is not affiliated
with any circuit and which allows infected individuals to be quar-
antined for treatment. These various installations are supplied with
oxygen by an air compressor connected to airstones which aerates
the water to provide constant supply of oxygen for the fish.

The spawners used in the experiments originated from the Techno-
pole wetlands of the Dakar region, more precisely the Gadaye wet-
land of Guédiawaye commune. A total of 10 spawners (six males
and four females) were caught on August 31, 2018, by a local
fisherman. This broodstock was transported to the experimental
facility using a cooler box, where they were weighed and accli-
mated for one month in two tanks, separating the male and female
broodstock.

The fish were weighed, their length was measured (Table 1), and
they were then transferred to two 1000L tanks that are hereafter
referred to as B1 (for males) and B2 (for females). During accli-
mation in controlled conditions, the brood fish were treated twice
in 40L of water containing 35% salinity for 2 minutes for disinfec-
tion and wound healing. Fish were fed with both live preys (from
fertilized tanks) and artificial food.
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Table 1: Spawner body weight before and after acclimatization

Individuals | Body weight (g) before Body weight (g) after | Body weight loss
(Qor &) acclimatization acclimatization
Male 1396.0 960.0 436.0
Male 630.7 521.8 108.9
Male 1414.6 1174.4 240.2
Male 888.8 842.5 46.3
Male 676.5 551.8 124.7
Male 295.9 238.5 57.4
Female 964.2 768.2 196.0
Female 525.6 432.9 92.7
Female 494.2 438.8 55.4
Female 454.7 358.2 96.5

Measurement of Physicochemical Parameters

Water temperature and dissolved oxygen were monitored through-
out the period of the experiment in acclimation tanks, incubators
and larval rearing tanks. The strict control of these physicochem-
ical parameters can contribute towards improving the yield of the
artificial reproduction [23]. Therefore, they were measured twice
a day, in the morning at 9 a.m. and in the evening at 3 p.m. Partic-
ularly temperature has a strong influence on the latency and incu-
bation times, because the females only mature when the tempera-
ture is 22°C or higher [27]. The best growth rates of C. gariepinus
were obtained at water temperature ranging from 20 to 30°C with
an optimum of 27°C for juveniles and 25°C for adults [4, 28-30].
Clarias gariepinus adults can withstand low oxygen levels but lar-
vae are more sensitive and their oxygen requirements have to be
fulfilled for optimal growth performance [31].

Pituitary Gland Extraction, Milt Collection and Female
Induction

Females with a protruding genital papilla, and a rounded and swol-
len belly were selected. For males, the largest individual was se-
lected to have sufficient amount of pituitary gland extracts for the
injection of single female. After the acclimation, one male and one
female of 521.8 g, 438.8 g weight and 44 cm and 41 cm length,
respectively, were selected. The male was anesthetized, sacrificed,
and the pituitary gland was extracted. The pituitary gland was
ground and mixed with 2 ml of physiological fluid (9 g of sea salt
in one liter of water), and this solution was injected immediately
into the female to induce spawning. The male’s testes were then
extracted and kept in the refrigerator at a temperature of 4°C. At

the time of fertilization, the testicles were incised and pressed with
a syringe, and the milt was collected.

Table 2: Hatching rates and survival rates after the york sac
resorption and 15 days after hatching. Macdonald's bottle
(MB), wire frame (WF) and water lettuce (WL)

MB |WF |WL
Number of incubated eggs 8715 | 8715 | 8715
Hatching rate 26.89 [ 10.04 | 6.25
Survival rate 15 days after the york sac | 91.60 | 70.37 | 77.77
resorption
Survival rate 15 days after hatching 324 [2.04 |7.16

Egg Collection: Stripping Fertilization of Eggs

The eggs were collected on the subsequent day after at 7:00 a.m.,
11 hours after the female was injected. The female was held by
two operators, one holding the tail and the other the head, and light
pressure was applied to the belly of the female. A quantity of 60 g
of eggs was collected, which indicates that the females responded
favorably to the induction. Three egg samples of 15g were fertil-
ized for three different incubation methods. Each sample received
three drops of semen, followed by mixing and addition of water
with twice the weight of the eggs. The mixture was stirred for one
minute and rinsed three times before being incubated. The latency
time was calculated as the difference between the time of injection
of pituitary extract and oocyte collection (stripping).
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Egg Incubation and Hatching

After fertilizing, the eggs were incubated using three different
methods (Figure 1) to determine which was most efficient based
on the hatching and the survival rates after resorption of the yolk
sac: 1) wire frame (WF), which involved placing a wooden wire
frame into a 20 L incubation tray; 2) water lettuce (WL), which
involved adding eggs to several specimens of the free-floating
aquatic plant, water lettuce (Pistia stratiotes) from Technopolis
wetlands that were placed in a 20L tank to incubate 15 g of eggs;
and 3) Macdonald bottles (MB) that were placed on a permanent
circuit receivingl5g of eggs (Figure 1). The incubation time was
calculated as the time interval between the start of incubation and
the end of the hatching. The hatching rate was calculated using the
following formula:

Number of larvae obtained

Hatching rate = +100 (1)

Total number of eggs

Comparison of The Effects of Artificial and Natural
Foods On Larval Growth

The second stage of the experiment involved evaluating the impact
of live food on the larvae. This was done by distributing 400 larvae
in four tanks (D1, D2, D3, and D4) containing100 larvae each.
D1 and D2 are duplicates and D3 and 4 are also duplicates. The
experiment began on the third day after hatching, corresponding to
the resorption, i.e. the day on which the larvae lose their yolk sacs.
Larvae in two of the tanks were fed with Daphnia (ration: 3lit-
ters/day) whereas the larvae in the other two tanks were fed with
formulated artificial food (ration: 70% of the biomass/day). The
Daphnia were reared in 5 L bottle and fed with microalgae grown a
10L culture medium. The tanks D1 and D2 received artificial food
up to 59.26 mg per meal three times a day whereas the tanks D3
and D4 received natural food (daphnia) 1L per meal, three times a
day. From the fourth day, tanks D1 and D2 received 118.52 mg (2
X 59.26 mg) per meal, three times a day. The experiment ended on
day 9, which corresponds to the first day of weaning. The survival
rate was obtained by the following formula:

NLa
NHL

with SRays = survival rate after resorption of the yolk sac; NLa =
number of larvae after resorption and NHL = number of hatched
larvae.

SRays = +100 (2)

The size of the larvae was evaluated by measuring the fork length.
Average weight gain was calculated from the following formula:

Average weight gain (g)=Final weight (g)-initial weight (g) (3)
Daily individual growth (DIG), also called daily weight gain
(DWG), allows assessing the daily weight gain of farmed fish. It

was determined from the following relationship:

DIC - Final weight (g) — Initial weight (g)

4
Aging time (days) )
Analyses of variation (ANOVA) and Student-t test were used to
compare means between conditions or groups for physicochemical
variables and for the hatching, survival and growth parameters.

The validity of these tests was first confirmed using Shapiro-Wilk
and Bartlett tests to verify the normality and homogeneity of data,
respectively. These analyses were completed using the 'ADE4' 1i-
brary in 'R' software. The significance level was set 5% for statis-
tically different means between factors.

Results

Physicochemical Parameters

There was no significant difference in water temperature and dis-
solved oxygen content between morning and evening during the
acclimation and incubation phases (Student test; p > 0.05). Like-
wise, the water temperature and dissolved oxygen content did
not vary significantly between morning and evening and between
replicas during the larval rearing phase (ANOVA; p > 0.05). The
average water temperature in the acclimation tanks in the tank
B1 varied between 27.7 and 28°C whereas that of B2 and varied
between 27.33 and 28.59°C (Figure 2A). The water temperature
was not significantly different between B1 and B2 (Student test;
p > 0.05). The average water temperature in the different incuba-
tion tanks kept in the same enclosure varied was 27.25-28.35°C,
26.4-28.35°C and 26.3-27.15°C for the incubators MB, WF, and
WL, respectively (Figure 3A). This was no significant difference
in water temperature between the incubation tanks MB, WF and
WL (Student test; p > 0.05). The average water temperature in the
larval rearing tanks was 25.21°C and 25.85°C for the tanks D1/
D2 and D3/D4, respectively (Figure 4A). There was no significant
difference in water temperature between replicas D1/D2 and D3/
D4 during the larvae rearing (ANOVA; p > 0.05).

The average dissolved oxygen levels during the acclimation varied
between 4.5 and 9.5 and from 5.09 to11.65 in tanks B1 and B2, re-
spectively (Figure 2B). The average dissolved oxygen content did
not vary significantly between B1 and B2 during the acclimation
period (Student test; p > 0.05). The dissolved oxygen levels during
the incubation phases ranged from 14.27- 14.80, 14.80-15.50 and
15.30-16.25 in the tanks MB, WF and WL, respectively (Figure
3B). This was no significant difference in dissolved oxygen con-
tent between incubation tanks (Student test; p > 0.05) (Figure 3B).
The average dissolved oxygen was from 13.51, 14.31, 14.20 and
14.42 in the larval rearing tanks D1, D2, D3 and D4, respectively
(Figure 4B). The average dissolved oxygen level was 13.77 for
D1/D2 and 14.31 for D3/D4. These were not significantly different
between in dissolved oxygen levels between D1/D2 and D3/D4
(ANOVA; p > 0.05).

Figure 1: The different types of incubators used for egg incubation:
wire frame (WF), water lettuce (WL) and Macdonald's bottle (MB).
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Figure 2: Temporal variation of water temperatures (A) and dis-
solved oxygen concentrations (B) in the acclimatization tanks (B1
and B2)
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Figure 3: Temporal variation of water temperature (A) and dis-
solved oxygen concentrations (B) in the three different types of

incubators: Macdonald's bottle (MB), wire frame (WF) and water
lettuce (WL)
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Figure 4: Temporal variation of water temperature (A) and dis-
solved oxygen concentrations (B) in the larval rearing tanks (D1,
D2, D3, and D4). D1 and D2 are duplicates and D3 and D4 are
also duplicates

Spawner Acclimation

There was no mortality of the broodstock during the acclimation
period. All individuals were visibly healthy since any injuries was
found. There was a significant drop in the weight of individual
broodstock during the acclimatization phase. The difference in
body weight between the beginning and the end of the acclimation
was from 436.0 to 46.3 g (Table 1). The weight loss between males
ranged from 436.0 to 46.3 g and that of females ranged from 196
to 55.4 g. The average weight loss did not significantly differ be-
tween males and females (ANOVA; P > 0.05).

Latency and Incubation Times

The ova obtained after stripping had a diameter of 1.2 mm. One
gram of ova contained 581 ova, which gives a total of 8715 ova for
the 15 g (Table 2). The latency was 11 hours within a temperature
range of 27 to 28°C. Incubation of the eggs commenced 30 min-
utes after the egg collection, i.e. 24 hours after all the eggs were
hatched.

Hatching Rate and Survival Rate

The hatching rates obtained for the three different supports are
26.89%, 10.04% and 6.25% for the MB, WF and WL, respectively
(Table 2). The highest hatching rate was obtained with the MB,
followed by the WF (Student test; p < 0.05). The lowest rate was
obtained with the WL.
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The survival rates were 91.6%, 70.37% and 77.77% for MB, WL
and WF, respectively (Table 2). The highest survival rate was ob-
tained with MB, followed WL and WF (Student test; p < 0.05).
Survival rates decreased 15 days after hatching and were 3.24%,
2.04% and 7.16%.

Table 3: Growth parameters of larvae fed with natural and ar-
tificial food. D1 and D2 are duplicates and D3 and D4 are also
duplicates. Ni: Number initial of larvae; Wi: initial weight; Wf:
final weight; Wg: weight gain; DIG: daily individual growth

Growth parameters Dl D2 D3 D4
Ni 100 100 100 100
Wi (mg) 2.54 2.54 2.54 2.54
Wt (mg) 3.11 2.82 6.68 7.68
Average W (mg) 2.96 7.18

Size (mm) 5 5 10 10
Wg 0.57 0.28 4.14 5.14
AverageWg 0.42 4.94
DIG 0.81 0.04 0.59 0.73
Average DIG 0.42 0.66

Larval Performance According to The Type of Food
Tanks D1, D2, D3 and D4 had the same density and equal number
of larvae (100 larvae) (Table 3). The initial average weight of lar-
vae in each tank was 2.54 mg. The survival rate during the larval
rearing phase was higher in thanks D4 (95%) and D3 (82%) than in
tanks D1 (29%) and D2 (25%). There was no significant difference
in the final average weight between D1 and D2. Likewise, the fi-
nal average weight was not significantly different between D3 and
D4. The final average weight was also higher in tanks D3/D4 and
(7.18 mg) and lower in the tanks D1/D2 (2.95 mg) (Student test; p
<0.05) (Table 3).

No significant difference in the average weight gain was observed
between D1 and D2, but also between D3 and D4 (Student test;
p > 0.05) (Table 3). The average weight gain was higher in tanks
D3/D4 (4.64) than in tanks D1/D2 (0.42) (Student test; p < 0.05)
(Table 3). The average size was not different between D1 (5 cm)
and D2 (5 cm) and between D3 (10 cm) and D4 (10 cm). The av-
erage size and daily individual growth (DIG) were all significantly
higher in D3/D4 and compared to D1/D2 (Student test; p < 0.05)
(Table 3).

Discussion

The water temperature and dissolved oxygen levels observed in
this study were within the range of standards and optimum val-
ues reported as having no significant influences on the acclimation
and maintenance of C. gariepinus spawner stock in captivity. Al-
though the optimum temperature for juveniles and adults is 27°C
and 25°C, respectively, the species can tolerate a wide range of
water temperature ranging from 20 to 30°C [4, 28-30]. The opti-
mal temperature for maximum growth rate varies between 25 and
33°C with the highest growth performance being observed at 30°C
and a decline in the rate from 25°C [28]. During the whole exper-

imental period of this study, the water temperature varied between
24.2 and 28.9°C and was thus in the range of the optimal tem-
peratures for the species [4, 28-29]. The dissolved oxygen content,
which ranged from 4.4 and 16.9 mg/l, was also within the range
of dissolved oxygen concentrations for efficient food intake and
for the success of the artificial reproduction. Although dissolved
oxygen is not often a limiting factor for C. gariepinus because
of its capacity to breathe atmospheric air and to leave the water
using its pectoral fins, the oxygen concentration required for good
growth of fingerlings is around 3mg/1 [27]. The African sharptooth
catfish is a bottom dweller, and the photoperiod would be a very
important factor for its survival and growth under both natural and
controlled conditions. Indeed, a tendency for larvae and juveniles
to grow faster under short light periods has been observed [31-35].
Overall, these results indicate that variations in water temperature
and dissolved oxygen levels in this study did not negatively in-
fluence the success of the artificial reproduction of C. gariepinus.

The brooders received daily artificial food, in addition to the live
food (Daphnia) from the fertilization of the tanks during the accli-
mation phase. The exponential development of the Daphnia popu-
lation in the storage tanks and the leftover foods strongly suggest
that the fish did not consume all food. Thus, the drop in the weight
of the brooders may be explained by their refusal to feed due to the
stress caused by the transfer under controlled conditions. Howev-
er, this drop in weight did not appreciably impact the success of the
artificial reproduction because the females responded favorably to
the injection.

The latency time in this study was 11 hours with an average tem-
perature of 27.4°C and is equal to that reported by Ahotondji [36]
for C. gariepinus at a water temperature of 25°C. It has been re-
ported that the latency time decreases as the water temperature
increase [16]. The incubation time in this study was 24h at a tem-
perature that varied between 27 and 29°C, in accordance with the
results of Ahotondji [36], who reported an incubation time of 23h
at a temperature of 27°C [36]. The hatching rate obtained with
the Macdonald's bottle (MB), the wire frame (WF) and the water
lettuce (WL) with the pituitary gland extracts of the male were
26.89%, 10.04% and 6.25%, respectively. The incubated eggs
were laid by the same female, which suggests that the pituitary
inducer did not influence the results obtained. On the other hand,
the results obtained with the Cadre, Jacinthe and Bouteille Zoug
(44.00£13.6, 39.10+£8.4 and 66.77+2.18, respectively) are more
satisfactory [19]. The highest hatching rate obtained in this study
with the Macdonald's bottle can be explained by the influence of
the permanent circulation of water, which was absent in the water
lettuce and the wire mesh hatching systems.

The survival rate obtained three days after hatching is satisfacto-
ry, but it decreases significantly 15 days after hatching especially
during the post-weaning phase, which seems to be due to the food
provided to the larvae. Indeed, after the resorption the larvae must
be feed with natural food to ensure their survival and optimize
their growth performance, as it is evident from the results of the
comparative feeding experiment.

The daily individual growth, the weight gains and the size of the
larvae showed significant differences between larvae fed with nat-
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ural food (Daphnia) and those fed with artificial food. The weight
and size of the larvae that received the natural food were at least
twice that of the larvae fed with the artificial food. These differenc-
es cannot be due to variations in water temperature and dissolved
oxygen levels because these parameters were not significantly dif-
ferent between rearing tanks. The natural food was available all
the time in the rearing tanks, which indicates that the larvae could
feed any time. This can explain their higher growth rate compared
to larvae fed with the artificial food. The artificial food became
deposited at the bottom of the tanks and changed appearance over
time, and may thus not have been appreciated and consumed by
the larvae, which may have negatively impacted their growth
performance. These results are in accordance with those of Ru-
kera-Tabaro et al. [38] where larvae reared on fertilized pond had
higher growth rates compared to those cultured in basins that re-
ceived the artificial food directly.

Conclusions

The main objective of this study was to produce fry of C. gariepi-
nus from a local strain captured in the wild and acclimated under
controlled conditions. Three different types of incubation (MB,
WL and WF) were tested to identify the most efficient and acces-
sible method to producers at low cost and with a high hatching
rate. Such an efficient reproduction method could allow solving
the main problem with which aquaculture production is confront-
ed, which is the supply of sufficient quantities of C. gariepinus lar-
vae. The results obtained in this study are encouraging, although
preliminary. Comparisons of the hatching rate, survival rate and
especially the feeding of the larvae after absorption of the yolk sac
indicated that the incubation on the Macdonald's bottle provided
the best results. The results also indicated that the survival rate of
the larvae after resorption of the yolk sac depends largely on the
nature of the food received during this phase, with the live food
(Daphnia) being more efficient than the artificial food. Altogether,
these results indicate how aquaculture production and therefore
increase the quality and quantity of food supply can be boosted.
However, many challenges such as conducting the same study in
a pond where natural food production could contribute to improv-
ing results remain to be faced. Indeed, C. gariepinus can take ad-
vantage of various food sources in the natural environment, which
could allow solving the problems related to the mass productions
of fry in Africa, and especially Senegal.

Acknowledgements

We thank CRODT for offering facilities and helping to conduct the
breeding and larval rearing experiments. We are also grateful to Dr
Peter Teske for helping for the English editing and for improving
the manuscript.

References

1. FAO (2016) The State of World Fisheries and Aquaculture
2016. Contributing to food security and nutrition for all.
Rome. 200.

2. FAO (2017) World aquaculture 2015: a brief overview, by
Rohana Subasinghe. FAO Fisheries and Aquaculture Circular
No. 1140. Rome.

3. FAO (2018) The State of World Fisheries and Aquaculture
2018. Meeting the sustainable development goals. Rome. Li-
cence: CC BY-NC-SA 3.0 1GO.

10.

12.

13.

14.

15.

16.

17.

18.

19.

Britz P J (1988) Environmental requirements for the hatchery
rearing of African catfish Clarias Gariepinus (Pisces: Clarii-
dae) larvae and juveniles. Thesis, Masters, MSc. Rhodes Uni-
versity 1988: 246.

Skelton P (2001) A complete guide to the freshwater fishes of
Southern Africa. Struik Publishers.

Bruton M (2010b) The food and feeding behaviour of Clarias
gariepinus (Pisces: Clariidae) in Lake Sibaya, South Africa,
with emphasis on its role as a predator of cichlids. The Trans-
actions of the Zoological Society of London 35:47-114.
Bruton M (2010a) The breeding biology and early develop-
ment of Clarias gariepinus (Pisces:Clariidae) in Lake Sibaya,
South Africa, with a review of breeding in species of the sub-
genus Clarias (Clarias). The Transactions of the Zoological
Society of London 35:1-45.

FAO (2010-2020) Cultured Aquatic Species Information Pro-
gramme. Clarias gariepinus. Cultured Aquatic Species Infor-
mation Programme. Text by Pouomogne, V. In: FAO Fisheries
and Aquaculture Department [online] Rome. Updated 1 Jan-
uary 2010.

Bruton M N (1978) The habitats and habitat preferences of
Clarias gariepinus (Pisces: Clariidae) in a clear coastal lake
(Lake Sibaya, South Africa). Journal of the Limnology Soci-
ety of Southern Africa 4: 81-88.

Coche A, D Edwards (1989) Selected aspects of warmwater
fish culture: a compilation based on lectures presented at a
series of FAO/AGFUND International Training Courses in
Aquaculture hosted by Hungary in 1987 and 1988. Food
and Agriculture Organization of the United Nations.; Interna-
tional Training Center in Aquaculture.

. FAO (2005-2020) National Aquaculture Sector Overview.

Vue générale du secteur aquacole national - Ghana. National
Aquaculture Sector Overview Fact Sheets. Texte par Awity, L.
Dans: Département des péches et de I’aquaculture de la FAO
[en ligne]. Rome. Mis a jour 10 October 2005.

Anetekhai M A (2013) Catfish aquaculture industry assess-
ment in Nigeria. Seisay M and Nouala SA edited. Published by
Inter-African Bureau for Animal Resources, African Union.
Micha J C (1973) Etude des populations piscicoles de 1'Uban-
gui et tentatives de sélection et d'adaptation de quelques es-
péces a l'é¢tang de pisciculture [1973] Nogent-sur-Marne,
France: Centre Technoloque Forestier Tropical (CTFT): 147.
Micha J C (1975) Synthese des essais de reproduction, d’alev-
inage et de production chez unsilure africain, Clarias lazera.
Symposium CIFA, 75 SE 5. Rome, FAO, 23 pp.; Bull. Frang.
de pisciculture 256: 77-87.

de Graaf G, H Janssen (1996) Artificial reproduction and pond
rearing of the African catfish. Clarias gariepinus in sub-Saha-
ran Africa. A handbook. FAO Fisheries Technical 362. Rome,
FA0.1996.73.

Janssen J (1989) Biology and culture of African catfish. In: se-
lected aspects of warm water fish culture. FAO Fish Culturist,
ARAC, Port Harcourt, Nigeria GCP/INT/435/AGF.

De Kimpe P, J C Micha (1974) First guidelines for the culture
of Clarias lazera in Central Africa. Aquaculture 4: 227-248.
18. Micha J C (1974) Fish population study of Ubangui river:
trying local wild species for fish culture Aquaculture 4: 85-87.
Ducarme C, J C Micha (2003) Technique de production inten-
sive du poisson chat africain, Clarias gariepinus Tropicultura

J Mari Scie Res Ocean, 2021

www.opastonline.com

Volume 4 | Issue 1| 170



20.

21.

22.

23.

24.

25.

26.

27.

28.

21: 189-198.

de Graaf G J, F Galemoni, B Banzoussi (1995) The artificial
reproduction and fingerling production of the African catfish
Clarias gariepinus (Burchell 1822) in protected and unpro-
tected ponds. Aquaculture Research 26: 233-242.
Slembrouck J, O K Maskur, M Legendre (2003) Technical
Manual for Artificial Propagation of the Indonesian Catfish,
Pangasius djambal Editors: IRD-DKP.

Olaleye V (2005) A Review of Reproduction and Gam-
ete Management In The African Catfish Clarias Gariepinus
(Burchell). Ife Journal of Science 7.

Olubiyi O A, O A Ayinia, A A Adeyemo (2005) The effects
of various doses of ovaprim on reproductive performance
of the African catfish Clarias gariepinus (Burchell) and
Heterobranchus longiflis (Valenciennes). African Journal of
Applied Zoology and Environmental Biology 7: 101-105.
Nwokoye C O, L A Nwuba, J E Eyo (2007) Induced prop-
agation of African clariid catfish, Heterobranchus bidorsalis
using synthetic and homoplastic hormones. African Journal of
Biotechnology 6.

Olaniyi C O, D O Akinbola (2013) Comparative studies on the
hatchability, performance and survival rate of African catfish
(Clarias gariepinus) larval produced using ovaprim and cat-
fish pituitary extract hormones. Journal of Biology, Agricul-
ture and Healthcare 3: 57-62.

Ngueku B B (2015) The efficacy of synthetic and non-syn-
thetic hormones in the induced spawning of the African Cat-
fish (Clarias gariepinus Burchell, 1822). International Journal
of Fisheries and Aquatic Studies 3: 34-37.

Viveen WJ AR, CJJ Richter, PG Van-Ordt, J AL Janseen,
E A Huisman (1985) Practical Manual for the culture of
the African Catfish (Clarias gariepinus). Section for Research
and Technology, Box 20061, 5600 EB. The Hague, The Neth-
erlands, Pages: 121.

Britz P J, T Hecht (1987) Temperature preferences and opti-
mum temperature for growth of African sharptooth catfish
(Clarias gariepinus) larvae and postlarvae. Aquaculture 63:
205-214.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Peteri A, S Nandi, S N Chowdhury (1992) Manual on seed
production of African catfish (Clarias gariepinus). FAO doc-
ument repository, BGD/87/045/92/22. Rome, Italy: 602 FAO;
1992.

Prokesova M, B Drozd, J Kouril, V Stejskal, ] Matousek
(2015) Effect of water temperature on early life history
of African sharp-tooth catfish, Clarias gariepinus (Burchell,
1822) Journal f Applied Ichthyology 31: 18-29.

Appelbaum S, J C Mcgeer (1998) Effect of diet and light
regime on growth and survival of African catfish (Clarias
gariepinus) larvae and early juveniles. Aquaculture Nutrition
4: 157-164.

Appelbaum S A, E Kamler (2000) Survival, growth, metab-
olism and behaviour of Clarias gariepinus (Burchell 1822)
early stages under different light conditions. Aquaculture En-
gineering 22: 269-287.

Almazan R P, J W Schramam, J A J Verreth (2004) Behavioural
responses under different Feeding methods and light regimes
of the African catfish (Clarias gariepinus) juveniles. Aquacul-
ture 231: 347-359.

Almazan R P, AT M Helmond, J A J Verreth, ] W Schrama
(2005) Photoperiod affectsgrowth, behaviour and stress vari-
ables in Clarias gariepinus. Journal of Fish Biology 67: 1029-
1039.

Adewolu M A, C A Adeniji, B A Ademola (2008) Feed utili-
zation, growth and survival of Clarias gariepinus (Burchell
1822) cultured under different photoperiods. Aquaculture
283: 64-67.

Ahotondji A (2012) Renforcement des capacités nationales
des petits producteurs dans la production intensive d’alevins
de clarias. Rapport Technique Définitif. Projet ACP FISH I
Ducarme C, J C Micha (2003) Technique de production inten-
sive du poisson chat africain, Clarias gariepinus Tropicultura
21: 189-198.

Rukera-Tabaro S, J C Micha, C Ducarme (2005) Essais d'ad-
aptation de production massive de juvA©niles de Clarias
gariepinus en conditions rurales Tropicultura 23: 231-244.

Copyright: ©2021 Mbaye TINE, et al. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

J Mari Scie Res Ocean, 2021

www.opastonline.com

Volume 4 | Issue 1| 171



