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ABSTRACT

This study was conducted to evaluate the reproductive performance of hatchery-bred and wild-caught
broodstock of Clarias gariepinus. Thirty pairs of each hatchery-bred and wild-caught broodstock (15
females and 15 males) was used for the study. Induced breeding was carried out in four groups with three
replications at a ratio of 1:1 by hypophysation method. Group A: hatchery-bred male and hatchery-bred
female (HBMm + HBF f); B: wild-caught male and wild-caught female (WCM m + WCF f), C: hatchery-bred
female and wild-caught male (HBF f+ WCM m) and D: wild-caught female and hatchery-bred male C.
gariepinus (WCF f + HBM m). Results showed that egg diameter, sperm motility, sperm density, and male
GSI were not significantly different (P>0.05) whereas ovary weight, sperm volume, fecundity, female GSI,
and percentage fertilization were significantly higher (P<<0.05) in hatchery-bred broodstock than wild-
caught broodstock. Hatchability was significantly higher (P<<0.05) in Group C and D than A and B. In
conclusion, a better reproductive performance in C. gariepinus with an economic advantage could be
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recorded through the combination of wild-caught and hatchery-bred broodstock.
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INTRODUCTION

Predictions from World Bank (2014) reveals that
by 2030, aquaculture will supply about 62% of food
fish globally. The future scenarios of fish supply-
demand indicate the need to double fish production
effort to meet growing global demand (World Bank,
2014). In Africa, the contribution of aquaculture pro-
duction to the global total aquaculture production is
only 2% with Egypt being the highest producer
followed by Nigeria (FAO, 2017). The future of aqua-
culture in Nigeria is very promising most especially
with natural conditions favoring aquaculture produc-
tion such as optimal temperature and abundant wa-
ter resources of good quality. The African Catfish
Clarias gariepinus which is a member of the popular
family Clariidae is the most preferable and successful
aqua-culture species in Nigeria. It is highly rich in
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nutrients such as omega-3- fatty acid, thiamine, iron,
riboflavin, vitamins A, vitamin D, calcium, and phos-
phorus which are required for good health and
tissue development (Awom & Eyo, 2016). In Nigeria,
some fish consumers give preference to C. gariepinus
because of its organoleptic characteristics including
nice taste and high meat quality after different pro-
cessing and preparation methods such as smoking,
barbecue, frying, oven-drying, etc. (Ekanem et al.,
2012). Also, C. gariepinus exhibits several biological
attributes such as hardiness, disease resistance, fast
growth rate, attractive market size, high stocking
densities, tolerance of poor of environmental para-
meters, acceptance of artificial feed, and high mar-
ket value (Arong & Eyo, 2017; Awom & Eyo, 2016;
Eyo et al., 2014). Apart from these attributes,
C. gariepinus also exhibits some favorable reproduc-
tive characteristics such as ease of induced
breeding, high fecundity, fast gonadal development
in captivity. In new aquaculture species and many
cultured fishes, variable and unpredictable reproduc-
tive performance is a crucial factor limiting the
successful mass production of juveniles (Izquierdo
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et al., 2001) and fecundity is a crucial criterion during
species selection for aquaculture purpose (Mayer et
al., 1989). The percentage of the fish body weight
could be used to determine eggs production by the
gonadosomatic index (Amtyaz et al., 2013). In fishes,
gonadosomatic index indicates the ratio of the go-
nad size relative to fish size and is also a good indi-
cator of gonadal development. Gonadal development
involves series of interrelated phases with each phase
requiring precise control and coordination and for
viable gametes to be produced for survival of young
fish at the optimum time of the year (Chattopadhyay
& Chattoraj, 2017). In fisheries science, egg quality
is the combination of various characteristics which
contribute to the successful fertilization, incubation,
hatching, and larval survival of fish (Hicks et al., 2015).
Lack of high-quality fish seeds produced from healthy
broodstock is a major challenge that limits fish pro-
duction in Nigeria which consequently results in low
profitability or loss of money (Eyo & Akanse, 2018).
As observed by Phleps (2010), three issues namely
management of broodstock, induced spawning and
larval rearing has contributed immensely to the glo-
bal progression in hatchery management. Most times,
several farms refuse to sell their matured and ripe
broodstock to hatchery owners and fish breeders
while some farms sell their broodstock at very high
rates. According to Eyo & Akanse (2018), cost of hat-
chery conditioned broodfish of C. gariepinus is about
N4000.00/kg (USD11.11) or even costlier based on
the locality. Consequently, some fish breeders who
cannot afford hatchery conditioned broodstock have
no other option than to search for alternative and
cheaper sources of broodstock such as collection of
wild broodstock. Eyo et al. (2013) noted that collec-
tion of wild C. gariepinus has been seen by some
farmers as a cheaper alternative to hatchery-bred fish.
However, there is paucity of information on the com-
parative reproductive performance of C. gariepinus
broodstock obtained from the wild and hatchery. This
study therefore aims at evaluating the reproductive
performance of hatchery raised and wild-caught
broodstock of C. gariepinus.

MATERIALS AND METHODS

Selection, Collection, Acclimatization, and
Conditioning of Wild-Caught and Hatchery-
Bred Broodfish

A total of 30 wild-caught C. gariepinus broodstock
(15 females and 15 males) with body weight range of
1.5-2.0 kg, and total length ranged from 51.41-52.20
cm were bought from landings of artisanal fishers in
Ayadehe, Itu Head Bridge (5°14'30"N, 8°6'0"E) bet-
ween June and July 2017. Before collection, the male
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and female broodstocks were selected according to
criteria given by de Graaf & Janssen (1996). For the
selection of female broodstock, a swollen and dis-
tended abdomen from which ripe uniform eggs ob-
tained by slightly pressing the abdomen was used. A
reddish and protruded genital papilla was used as the
selection criteria for male broodstock. The collected
broodstocks were transported immediately to a pri-
vate hatchery in Uyo, Akwa Ibom State for acclimati-
zation and conditioning. The fish were sexed and kept
in six tarpaulin tank measuring 1 mx 1 mx 1 m (5 fish
per tank). The tanks were labeled A, A, A,, B, B,, B,.
Randomly female fish were conditioned in tank A,
A, A, and male fish were B, B,, B.. For hatchery
broodstock, a total of 30 healthy C. gariepinus
broodstock (15 females and 15 males) were collected
from a private hatchery in Uyo, Akwa Ibom State.
The male and female hatchery broodstocks with a
body weight range of 1.5 &+ 0.5 kg were 18 months
old. The fish were sexed and also kept in six tarpau-
lin tank measuring 1 m x 1 m x 1 m (five fish per
tank). The tanks were labeled C, C,, C,, D,, D,, D,.
Female fish were condition in tank C, C,, C, and male
fishwere D, D,, D,. Water quality in all the broodstock
tanks was managed by regular changing of water and
the fish were fed twice daily with 13 mm of Coppens
fish feed at 2% of the body weight for 14 days. All the
broodstock were kept under natural photoperiod
conditions (12 hours light, 12 hours dark).

Breeding Experiment of Experimental Fish

After acclimatization and conditioning of the hat-
chery-bred and wild-caught broodfish, four groups of
breeding were carried out. Group A breeding was
carried out using hatchery-bred male and hatchery-
bred female C. gariepinus (HBM m + HBF f), Group B
breeding was carried out using wild-caught male and
wild-caught female C. gariepinus (WCM m + WCF f),
Group C breeding was carried out with hatchery-bred
female and wild-caught male C. gariepinus (HBF f +
WCM m ) whereas Group D breeding was carried out
using wild-caught female and hatchery-bred male C.
gariepinus (WCF f + HBM m). In each breeding group,
seven pairs of male and female broodstock were used
in a ratio of 1:1. Induced breeding was carried out by
hypophysation method (Ayinla, 1998). Artificial
spawning substrate (nylon mosquito nets) was placed
in the incubator (100 cm x 100 cm x 80 cm) con-
taining clean and aerated water of 85 cm in depth
with a flow-through setup. Eggs from each experi-
mental group were fertilized by mixing the stripped
eggs with milt obtained from the corresponding male
fish in the group. Thereafter, the fertilized eggs were
immediately incubated by spreading them thinly on
the artificial spawning substrate placed in the incuba-
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tor and allowed to incubate for a period of 24-36
hours before hatching commenced. After hatching,
the newly hatched larvae were allowed to feed on its
yolk sac (endogenous feeding) for three days. On the
fourth day of hatching, the fry was exposed to their
first exogenous feeding by administering Artemia for
a period of 10 days. Thereafter, the fry was fed with
0.1 mm Coppens feed ad libitum thrice daily. The num-
ber of eggs (%) stripped, number of egg fertilized (%),
and number of egg hatched (%) was calculated as
follows:
Ovary weight(g) = unstripped fish weight (g) —
stripped fish weight (g) of fish after stripping
Number of eggs stripped (incubated) =
Unstripped fish weight (g) - Stripped fish weght (g) x
No. of eggs per gram of ovary mass
Number of eggs fertilized =No. of incubated eggs -
No.of opaque eggs (dead eggs)
Percentage of eggs fertilized (%) =
No. of incubated eggs - No. of opaque eggs
Total No. of incubated eggs
Number of eggs hatched =No. of fertilized eggs-
No.of unhaatched eggs
Egg hatchability (%) =
No. of whitish broken eggs
No. of fertilized egg

x100

x100

Gonadosomatic Index of Hatchery-Bred and
Wild-Caught Broodstock

Biometric parameters such as total length (TL-
cm), total weight (TW-g), and gonad weight (GW - g)
were measured and recorded for each broodfish. The
length and weight of the fish were measured to the
nearest 0.1 cmand 0.1 g with the aid measuring board
and Metlar-5000D electronic weighing balance respec-
tively. Gonado somatic index (GSI) was calculated
according to the equation given by (Bolger & Connolly,
1989) as follows:

Gonad weight of fish (g)
Fish body weight (g)

GSI (%) = x 100

Gonad Gross Morphology of Hatchery-Bred
and Wild-Caught Broodstock

The female ovary and male testis of broodfish
collected from the wild and hatchery were subjected
to histological analysis. The gonadal tissues were
fixed in Bouin’s fluid for 48 hours, manually processed
based on the standard method and sectioned at 10 u
with a rotary microtome, before dewaxed in xylene,
before staining with haematoxylin and eosin for mi-
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croscopic examinations according to (Bancroft &
Cook, 1994).

Determination of Egg Quality of Hatchery-
Bred and Wild-Caught Broodstock

Egg quality of broodstock from the wild and hat-
chery was evaluated following methods of Adewumi
et al. (2005) using egg diameter. Thirty fresh eggs
were collected from each fish and measured using an
ocular eye piece from a stereo microscope in milli-
meter (mm). For eggs with pear-shaped structure,
the diameters of short and long axes were measured
and the mean diameter was recorded as the oocyte
diameter.

Determination of Sperm Quality of Hatchery-
Bred and Wild-Caught Brood Fish

The male brood fish were sacrificed before
dissecting to remove the matured testes containing
the milt. Small incisions were quickly made on the
lobes of the testes using a sterile surgical blade to
aid milt extraction. The milt was carefully and quickly
squeezed out into a clean petri dish before the vo-
lume (mL) was measured with a plastic syringe. For
sperm motility evaluation, the spermatozoa were
activated by quickly adding a drop of distilled water
to a drop of milt on a clean glass slide before obser-
ving the sperm motility immediately with the aid of
MS001 Binocular Microscope (x10). Spermatozoa
motility and density were determined following the
methods of Adewumi et al. (2005). The absence or
presence of spermatozoa motility was expressed as
(0) for absent and (1) for present following the scale
given by Adewumi et al. (2005). Spermatozoa density
was rated on a three level scale of 1, 2, and 3 (repre-
senting low, medium, and high density respectively).

Statistical Analysis

Data obtained from this study were subjected to
one way analysis of variance (ANOVA) for significance
at P=0.05 using PASW windows software (predictive
analytical software) program (version 19.0). Effects
with a probability of P>0.05 were considered not
significant. Least significance difference (LSD) was
used for mean separation.

RESULTS AND DISCUSSION

Mean of Ovary, Fecundity, and Egg Diameter

Results obtained showed that hatchery-bred fe-
male (HBF) of C. gariepinus broodstock had fecun-
dity of 104,953.33 + 2,985.89 eggs (Table 1), mean
egg diameter (1.54 + 0.003 mm), mean female body
weight of 1,071.87 %+ 13.05 g, mean female total
length (51.76 % 0.34 cm), and mean ovary weight
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Table 1. Mean of ovary, egg diameter, fecundity, and gonadosomatic index of hatchery-bred and
wild-caught broodstock of C. gariepinus

Body parameters

Hatchery-bred female

Wild-caught female

Mean female body weight (g)
Mean ovary weight (g)

Mean egg diameter (mm)
Mean fecundity (No. of eggs)

1,071.87 +13.05°
149.93 + 4.27°
1.54 +0.003°
104,953.33 + 2,985.89°

1,049.06 + 8.37"
13747 +2.75°
1.53 +0.003°
96,226.67 +1,927.19°

Note: * Means with the same superscript are not significantly different (P>0.05)

(149.93 £ 4.27 g). For wild-caught female (WCF) C.
gariepinus, mean fecundity was 96,226.67 + 1,927.19
eggs, mean egg diameter (1.53 & 0.003 mm), mean
female body weight (1,049.06 * 8.37 g), mean fe-
male total length (51.67 & 0.26 cm) and mean ovary
weight (137.47 & 2.75 g).

The mean egg diameter of hatchery-bred and wild-
caught broodstock were not significantly different
(P=0.05) whereas ovary weight and mean fecundity
were significantly higher (P<<0.05) in hatchery-bred
C. gariepinus broodstock than wild-caught
broodstock. Many factors such as nutritional state,
fish size, physical condition, age, and reproductive
history have been known to influence the fecundity
in fish (Izquierdo et al., 2001). According to Watanabe
(1990), nutrition affects ovarian development and fe-
cundity. In this study, the significant variation ob-
served in ovary weight and fecundity may be attri-
buted to the nutrition of the broodstock. It is known
that nutritional contents such as lipids and proteins
are the major energy sources available in vitellus which
is utilized for embryogenesis in fish (Evans et al.,
1996; Kamler, 2005; Kjgrsvik et al., 2003). Hatchery-
bred broodstock may have been exposed to good
and adequate nutrition which could help in im-
proving ovary development than wild-caught
broodstock of C. gariepinus. According to Quifiones-
arreola et al. (2015), the adequate development of
eggs is dependent on the biochemical reserves which
are transferred from the female fish to the eggs.
Findings of this study indicate that hatchery-bred
broodstock of C. gariepinus may have a better bio-
chemical reserve than wild-caught.

Gonadosomatic Index

Hatchery-bred female had a mean gonadosomatic
index (GSI-%) of 13.98 + 0.35% (Table 2). Wild-caught
female had a mean gonadosomatic index of 13.08 =+
0.19%. Hatchery-bred male had a mean gonadosomatic
index of 0.87 = 0.03%. Wild-caught male had a mean
gonadosomatic index (GSI) of 0.86 & 0.02%.
Gonadosomatic index (GSI) is an important tool used
in fisheries and aquaculture to evaluate the repro-

ductive condition and status of fish (Opehetal., 2018).
In this study, mean ovary weight and GSI of hat-
chery-bred female were significantly higher (P<<0.05)
than wild-caught. Mean testis weight and male GSI of
broodstock from the hatchery were not significantly
different (P>0.05) from the wild-caught broodstock.
It indicates that the female broodstocks used in this
study were managed and conditioned optimally since
GSI was higher than the wild one. In practice female
broodstock fed better than male indicated with the
GSI obtained whereas there were significant diffe-
rent between female but not significant in male.

Sperm Quality

The mean sperm quality of hatchery-bred and wild-
caught broodstock of C. gariepinus is presented in
Table 3. Results showed that hatchery-bred male C.
gariepinus broodstock with gonad weight of 9.47 +
0.35 g had a sperm volume of 4.08 = 0.19 mL, sperm
motility of 1.00 % 0.00 sec., and sperm density (3.00
=+ 0.00). Wild-caught male C. gariepinus broodstock
had a mean gonad weight of 8.93 & 0.21 g, mean
sperm volume (3.72 % 0.10 mL), mean sperm moti-
lity (1.00 =% 0.00 sec.) and mean sperm density (3.00
=+ 0.00). The results showed that it was not signifi-
cantly different (P>0.05) between hatchery and wild
male for the weight, volume, and density of sperm as
well as motility, even though the body weight was
significant different. This indicates that the sperm of
C. gariepinus from the two sources have the same
quality.

Fertilization and Hatchability Indices

The fertilization and hatchability indices are pre-
sented in Table 4. Group A, B, and D are not signifi-
cant different (P<<0.05) for fertilization rate. But they
are significant different with group C (P<<0.05). Per-
centage hatchability in group A, B, and D are not sig-
nificantly different (P>0.05). group A and B are sig-
nificant (P<<0.05) with group C while C and D are not
significantly different (P>0.05). This may not be
attributed to the variation in the size of the female
fish in the experimental groups which was signifi-
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Table 2. Mean gonadosomatic index (GSI-%) of hatchery-bred and wild-caught broodstock
of C. gariepinus

Body parameters Hatchery-bred broodstock (HBB) Wild-caught broodstock (WCB)

Mean female body weight (g) 1,071.87 = 13.05° 1,049 + 8.37°
Mean ovary weight (g) 149.93 + 4.27° 137.47 +£2.75°
Mean female GSI (%) 13.98 + 0.35° 13.08 +0.19"
Mean male body weight (g) 1,081.60 + 10.70° 1,025.27 + 7.31°
Mean testis weight (g) 9.47 + 0.35° 8.93 +0.21%
Mean male GSI (%) 0.87 = 0.03° 0.86 +=0.02°

Note: * Means with the same superscript are not significantly different (P>0.05)

Table 3. Mean sperm quality of hatchery-bred and wild-caught broodstock of C. gariepinus

Body parameters Hatchery broodstock Wild broodstock
Mean sperm volume (mL) 4.08 +0.19° 3.72 +0.10°
Mean sperm motility (sec.) 1.00 = 0.00% 1.00 = 0.00%
Mean sperm density 3.00 == 0.00% 3.00 + 0.00%

Note: * Means with the same superscript are not significantly different (P>0.05)

cantly different (P<<0.05). The size of the female brood
fish is known to influence breeding success in many
ways such as egg number and size and juvenile size
(Heinimaa & Heinimaa, 2004). There are observations
of the positive effect of female size on alevin’s yolk
reserves and egg dry weight (Beacham & Murray, 1985;
Ojanguren et al., 1996; Shearer et al., 1994) also noted
that large females have higher body-energy reserves

to be used during vitellogenesis of eggs compared
to smaller female fishes. The result of fertilization
rate and hatchability are strongly indicated heterosis
effect from outbreeding between hatchery-bred and
wild-caught broodstock used in the present study.
Results for mean physicochemical parameters of the
experimental incubators which were managed at op-
timal levels are presented in Table 5.

Table 4. Mean hatchability indices of hatchery-bred and wild-caught broodstock of C. gariepinus

Indices

HBM (&) x HBF (2) WCM (&) x WCE () HBF (2) x WCM (&) HBM (§) + WCF (?)

Mean total length (cm)  50.89 + 0.38°
1,045.00 = 12.11°

902.86 + 10.79%

Unstripped weight (g)
Stripped weight (g)

51.50 + 0.39°
10,46.57 + 12.78°
906.00 = 9.87°

52.09 = 0.35
1,057.29 = 12.50"
921.00 + 9.17"

52,56 0.45
1,099.43 = 21.39"
943.14 + 19.69"

Mean ovary weight (9)  142.14 =+ 8.19° 140.57 + 3.68° 156.29 = 2.17" 136.28 + 4.26"
Mean no. of 99,500.00 + 98,400.00 + 109,400.00 + 95,400.00 =+
egg incubated 5,730.62" 2578.11° 1,517.67° 2,984.40"
Mean no. of 97,201.57 + 96,223.43 + 108,494.14 + 94,526.71 +
egg fertilized 5663.13° 2620. 74° 1,533.21° 2,958.23°
Percentage no. of .

9 97.66 = 0.17° 97.77 +0.12° 99.17 =+ 0.03 99.08 =+ 0,03
egg fertilized

96,119.29 + 94,956.57 + 107,533.14 + 93636.14 +
No. of eggs hatched a a b .
5635.60 2657.16 1,534.00 2953.97

Hatchability (%) 98.87 + 0.20° 98.67 + 0.22° 99.11 + 0.03" 99.05 + 0.04”"

Note: * Means with the same superscript are not significantly different (P>0.05)
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Table 5. Mean physicochemical parameters of the experimental incubator
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Group incubator

Parameters
A

B

C

D

pH 6.96+ 0.02
Dissolved oxygen (mgi/L) 5.01+0.05
Water temperature (°C) 295+ 0.01
Ammonia (mg/L) 0.00 = 0.00

6.95 +=0.01
5.00+0.02
29.5+0.01
0.00 +=0.00

6.98 +0.02
5.03+0.02
29.6+ 0.02
0.00 +0.00

6.97 +=0.03
5.02+0.04
29.4+0.03
0.00 +=0.00

CONCLUSION

In conclusion, the reproductive performance of
male and female C. gariepinus broodfish from the same
source was lower than the combination of broodstock
from the wild and hatchery. In conclusion, a better
reproductive performance in C. gariepinus with an
economic advantage could be recorded through the
combination of wild-caught and hatchery-bred
broodstock.
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