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Abstract: A study was conducted in the fish hatchery to provide information about the effects of cold
shock treatment on survival of fertilized eggs and growth performance of larvae of African mud catfish,
Clarias gariepinus (Burchell). Great understanding of the potential effects of thermal or heat energy on
early life history of C. gariepinus for aquacultural purposes is therefore highlighted in this work. Cold
shock stress occurs when a fish that had been acclimatized to a specific water temperature is transferred
or exposed abruptly to rapid decrease in temperature, resulting in physiological, morphological and
behavioural changes or even death in some cases. Four (4) minutes old fertilized eggs of C. gariepinus
was subjected to cold shock at 50C for 40 minutes. Four percent (4%) of the fry in cold shock treatment
exhibited bent trunk and none of them survived. The survival rate of normal fry was 93.50% in control
and 62.33% in cold shock treatments. However, there was no significant difference between survivals in
both treatments (P$0.05). Cold shock treated fry showed better growth performance of 0.20g weight
increase, this was not significant (P$0.05) enough compared to 0.16g growth increase in the control group.
Experiment was designed to test varying exposure times and temperature upon the eggs and larval stage
of C. gariepinus. The results of this study are pertinent to understanding the potential thermal effects on
early life history of this species.
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INTRODUCTION

African mud catfish, Clarias gariepinus (Burchell,
1822) belongs to the Family Clariidae. This species is
generally scaleless with rounded caudal fin and poorly
developed eyes. It is an economically important fish
food; the most cultured and studied aquacultural
species in Nigeria. It survives in rather adverse
environmental condition because it possesses an
abhorescent organ which enables it to take up
atmospheric oxygen. It has a national acceptance and
it is most widely cultured fish apart from Tilapia
species [1,2]. Its method of propagation is well
understood but fingerlings supply is abysmally below
fish farmers’ demand. One of the major causes is lack
of genetically improved fingerlings. It is therefore
crucial and urgent to satisfy the yearning need to
produce fast growing uniformly sized fingerlings for
fish farmers [15].

One of the methods of improving growth
performance of aquaculture species is through
biotechnology. This could be through hybridization,
genetic engineering, and chromosome manipulation. In
the quest for fast growing species to meet the needs of
fish farmers, the chromosomes of various indigenous

culturable fish species are being manipulated [15] . 
Chromosome manipulation is the alteration of

chromosome numbers to produce polyploids such as
triploid and tetraploid [12,13]. Polyploidy is an occurrence
in which gamete and somatic cells possess haploid (n)
number of chromosomes. Forms of having 3n
chromosomes are triploids; 4n, tetraploids; 5n,
pentaploids. The techniques that are used to alter the
chromosome number are cold, heat, pressure and
chemical shocks. This alteration in chromosome
number is often associated with advantageous features
such as increased size, hardiness, and resistance to
diseases [17]. Besides, the basic goal governing the
technology is to produce sterile fish in order to prevent
early maturation, to produce larger fish, to improve
carcass quality and to utilize exotic species both in fish
farming and fisheries management [38].

Mass production of fry, fingerlings and adult of C.
gariepinus through hypophysation, gynogenesis,
hybridization, and polyploidy had been carried out by
many workers.

There are two forms of polyploidy, namely,
autopolyploidy and allopolyploidy. McGraw-Hill [27]

stated that autopolyploids are forms derived by the
multiplication of chromosomes from a single diploid
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organism. As a result the homologous chromosomes
come from the same source, while allopolyploids are
forms derived from a hybrid between two diploid
organisms and consequently, the homologous
chromosomes are from different sources. 

In fishes, triploidy may be currently obtained by
shocking newly fertilized eggs shortly after fertilization.
Fish eggs do not extrude the second polar body until
they are fertilized, because of this, if a newly fertilized
egg is shocked, the shock prevents the second polar
body from leaving the egg; consequently the fertilized
egg will contain three haploid nuclei; one from the
egg, one from the sperm, and one from the second
polar body [38]. These three haploid nuclei will fuse to
form a triploid zygote nucleus, which creates a triploid.
Triploids have been created in fishes using thermal
shocks [18, 25, 7, 39, 22, 1, 2, 13, 14, 42, 41, 20] pressure shocks [8, 9,

10, 23, 20,  16, 41]. Shepherd and Bromage[37] induced
triploidy in rainbow trout by raising the temperature in
which the newly eggs are incubated at 20oC for 10
minutes beginning at 20-40 minutes after fertilization.

Triploids do not have normal gonadal development
[39], they have much lower gonadal somatic indices [24],
and they are functionally sterile because they produce
aneuploid gametes [4]. Hence, they might grow faster
than diploids as they reach the age of sexual maturity
because they may direct energy from reproduction to
somatic growth. [20]. It was further explained that
sterility might also suppress some of the other
undesirable phenomena (from aquaculture point of
view) associated with reproduction such as reduced
appetite reduced feed conversion efficiency,
deterioration in flesh quality, and post spawning
mortality. More consistently than growth rate adult
triploids have higher dress-out weights[31] or fillet
weights than diploids [20,22]. Chrisman et al [11] observed
that triploid channel cat fish have a better dress out
percentage than diploid fish as a result of lack of
gonadal development.

The importance of C. gariepinus as the most
cultured and studied aquacultural species, this coupled
with the high rate of its depletion in the wild as a
result of overfishing activity of the fishermen, it is
pertinent to carry out study on improved stock in term
of growth and to replenishment of overstocked stock
with fast growing one. This study is therefore aimed at
investigating the effects of cold shock on the fertilized
eggs and growth performance of African mud catfish
Clarias gariepinus.

MATERIALS AND METHODS

2.1 Procurement and Selection of Broodstock: A
total of twenty (20) healthy parent stocks of C.
gariepinus used in this study were procured from a
reputable fish farm in Lagos, Nigeria in January, 2009.

They were eighteen (18) months old, weighing between
4 and 5kilogrammes body weight. Care was taken
when selecting the male and female brooders. The male
brooder selected was elongated with slightly swollen
reddish urogenital papilla. It was ensured that the
female brooders have the attributes of maturity such as
a well-rounded and soft abdomen, which extended
anteriorly beyond the pectoral fins to the genital
opening, also the genital opening was swollen and
reddish and finally, there was good response of free
flow of ripe eggs at the application of gentle pressure
on the abdomen. The female brooder was weighed on
a top load measuring scale of Camry make (model:
T1432682).

2.2 Administration of Ovaprim: The female brooder
was injected with Human Gonadotropin Hormone
(Trade mark: ovaprim) at a dosage rate of 0.5ml per
kilogramme fish body weight. The injection was done
intramuscularly above the lateral line just below the
dorsal fin. The injected area was rubbed with a finger
in order to distribute the ovaprim evenly throughout the
muscle and to prevent a backflow of the ovaprim. The
injected fish was kept in a bowl and covered with a
netting piece to prevent it from jumping out. The
temperature of the water holding the fish was measured
with mercury in glass thermometer and the
corresponding latency period was calculated to be eight
hours at 28.30C.

2.3 Procurement of Milt: The milt used was procured
by sacrificing and dissecting the male in order to
remove the gonad (testis). Prior to this action the
physiological solution was prepared by dissolving 9
grammes of salt (NaCl) in one litre of water. Incisions
were made into the creamy coloured lobes of the testis
and then squeezed and washed out of the testis sac
with the physiological solution into a beaker.

2.4 Stripping of Eggs from Female Brood Stock:
The first step taken during the stripping process was to
mop the body of the female brooder with a towel; this
was done to prevent the eggs from coming in contact
with water, which may consequently seal up the
micropyle and prevent fertilization. 

Gentle pressure was applied on the abdomen of the
female brooder and ovulated eggs oozed easily from
the genital opening and were collected in a stainless
steel bowl where the eggs were collected and measured
for cold shock and control experiments. 

2.5 Fertilization of Eggs: The incubation bowls and
cold shock medium were prepared prior to fertilization.
Each of the bowls was filled with 10 litres of clean
water. The water was aerated with electric air pumps
to which hose and air stones were connected. Besides,
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mosquito net was laid in the water so that fertilized
eggs can be distributed evenly on them. The milt was
poured on the eggs and mixed by shaking the
containers gently.

2.6 Post Fertilization Treatments: Four (4) minutes
old fertilized eggs were subjected to cold shock. Cold
shock of activated eggs was applied in thermostatically
controlled water bath (model FDPGH, Techne
Cambridge, Ltd UK) at 50C for a period of 40 minutes.
Mercury in glass thermometer was used to determine
the temperature and it was ensured that the cold
medium was maintained at 50C throughout the period
of cold shock treatment. The fertilized eggs were
removed from the cold medium and placed in the glass
trough for normal incubation at 27.40C, pH = 7.44,
dissolved oxygen = 5.0 mg/1, conductivity = 0.19
ms/cm and salinity = 0.0% until hatching.

In the holding tank (control experiment), fertilized
eggs were incubated in a glass trough for hatching at
ambient temperature of at 27.40C, pH = 7.44, dissolved
oxygen = 5.0 mg/1, conductivity = 0.19 ms/cm and
salinity = 0.0% until hatching.

The experiment was carried out in triplicate.

2.7 Hatching of Fertilized Eggs: Hatching is the
mechanical and enzymatic process of breaking of the
eggshell and release of larvae. Commencement of
hatching was noticed after 22 hours and 22.5 hours of
incubation in control and cold shock experiment
respectively. 

2.8 Larval Rearing: Larval rearing was carried out by
placing 600 hatchlings each of cold shock and control
in triplicate into nursery tanks. In the first three days,
the healthy larvae were nourished by the yolk deposit
under their belly. From the fourth day the fry were fed
with live zooplankton (daphnia) for two weeks. The
Daphnia was treated with 9% salt solution for a minute
to get rid of any unwanted organisms that might be
attaching to the daphnia, after which it was rinsed with
clean fresh water. 

2.9 Fry Rearing: 100 fry each from cold shock and
control experiment were stocked in the culture
receptacle (concrete tanks) in triplicates. They were fed
with artificially prepared 45% crude protein diet (Trade
mark: CATCO) ad labium daily for six weeks. Data on
body weight was collected weekly.

The nutrient composition of the fish diet is as
follows:
Nutrient Percentage (%)
Crude protein 45
Crude fibre 1.3
Crude fat 10.4

Ash 7.3
Calcium 0.7
Phosphorus 1.3
Lysin 4.2
Methionine 1.3
Vitamin A 225001U(E)/kg
Vitamin D3 2500IU(E)/kg
Vitamin E 200 mg/kg
Vitamin C 300 mg/kg
Copper 500 mg/kg
Selenium 0.4 mg/kg

The remnant feed in the culture receptacle was
siphoned out to prevent water pollution and subsequent
morality of fry.

2.10 Water Quality Monitoring: Water quality
parameters such as dissolved oxygen; pH, conductivity,
salinity and temperature required for growth and other
biological processes were monitored weekly using an
electronic water analyzer (Horiba water checker U-10).
Besides, the water in the culture receptacles in the
hatchery was allowed to run continuously and was
supported with aerator or air pumps throughout the
period of the study to ensure high water quality and to
prevent stress.

2.11 Statistical Analysis: Processing and analysis of
data were carried out using Statistical Package for
Social Sciences (SPSS Version 13.0).

3.0 Results:
3.1 Phenotype Abnormality in Fry Produced by
Cold Shock: Abnormal fry were produced by cold
shock. Four percent of the fry developed an
abnormality. The abnormality observed was a bent
trunk. Consequently, swimming was effectively
impaired. They eventually died within 14 days. Those
in control tank were phenotypically normal.

3.2 Percentage of Survivors in Culture Receptacles: 
Of the 600 hatchlings that were stocked in each of the
receptacles, 561survived in the control groups giving
93.5% survival, while 374 of the hatchlings in cold
shock survived, giving 62.33% survival. The fry
showed a higher percentage of survival in control than
those produced by cold shock.

Figure 1 reveals that fry produced by cold shock
survived better than the control group in the 2nd and 3rd

week, while those in the control group showed a better
survival than those produced by cold shock from the
4th to the 8th week.

Figure 2 shows that the fry in the control exhibited
a slight better growth performance by gaining more
body weight in the 3rd week, while the growth
performances of the fry in both treatments were similar 
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Fig. 1: Mean weekly percentage of survivors of fry of C. Gariepinus produced by control and cold shock
treatements

Fig. 2: Growth performance of the fry of C. gariepinus produced by control and cold shock treatments.

in the 2nd week. Those produced by cold shock
treatment exhibited a better growth performance in
week 1 and from the 4th to the 8th week.

The mean water quality parameters obtained in this
study are presented in Table 2, the mean temperature
ranged from 26.50C to 26.60C, mean dissolved oxygen
ranged from 6.0 to 6.8mg/1 while the mean pH and
Conductivity ranged from 7.5 to 7.6 and 0.15 to
0.17ms/cm respectively in cold shock and control
groups.

Discussion: Four (4%) percent abnormal fry were
observed in the cold treated group and the abnormality
observed was a bent trunk. Similar observation was
reported by Aluko et al, [2] in Clarias anguillaris.
Aluko, et al [2] suggested that the abnormality could be
due to chromosome misbehaviour. It is worth
mentioning that the percentage abnormality observed
here was low compared with what was reported by
Manickam [26] for Clarias batrachus when he observed

13.5% abnormality.
The survival of the fry in the first 10days after

hatching as was observed in Table 1 showed 63% of
the fry survived from the cold shock treated hatchlings,
while 94% survival was recorded in the control. A
short fall of 6% in the control tank might be from
rearing system, or handling process, or ontogeny in
nature. The thermal stresses alone will not result in
high mortality, but synergism of thermal effects with
other direct impact according to Hoss et al., [19] may
result in high morality. Koo and Johnson[23] suggested
that mortality and hatchability are not sufficiently good
criteria of thermal shock in eggs, since thermal shock
increased larval deformities.

This lower early survival in the cold shock group
supports Chourrout et al [9] observation that triploids
have somewhat lower early survivals than their full-sib
controls. Olufeagba and Aluko, [2]  reported early low
survival in the first few days after hatching in triploid
Heterobranchus  longifilis.  However,  there  was  no 
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Table 1: Mean water quality parameters in control and cold shock treatment. 
Culture receptacles/ Treatment   Temperature Dissolved oxygen pH Conductivity Salinity 
Treatments no. (oC) mg/l) (ms/cm) (%)
Control 1 26.5 6.2 7.6 0.14 0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 26.5 6.2 7.5 0.16 0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 26.5 6.8 7.5 0.17 0
Cold shock 1 26.5 6.2 7.5 0.16 0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 26.6 6 7.5 0.16 0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 26.6 6 7.5 0.15 0

significant difference between survivals in both
treatments (p$ 0.05) throughout the eight weeks period
of rearing. Olufeagba and Aluko, [2] also observed no
significant difference between survivors in triploid and
diploid Heterobranchus longifilis. Besides, Dunham, et
al [14], reported that the effects of triploidy on survival
rate were not significantly different from diploid
controls during the first two months in Clarias
macrocephalus.

Fish growth and consequently increase in biomass
are of major interest to the fish culturist, the fish
nutritionist and fishery biologist. Priede and
Secombes[32] explained that growth of farmed fish is
best described in terms of weight rather than length
since the ultimate product is usually sold in terms of
weight. In this study, growth was recorded in terms of
weight. Figure 2 shows the comparison between the
growth performances of fry produced by cold shock
and control. The cold treated fry showed better growth
performance (0.20g) but not significant (p$0.05)
compared to 0.16g of fry in control group. This result
agrees with the findings reported in Richler et al[35]

who observed the growth rate of Clarias gariepinus at
either high or low feeding levels was not significantly
affected by triploidy.

The cold shock treated fry could later show
significant improved growth performance than controls
as they reach the age of sexual maturity because they
may direct energy from reproduction to somatic
growth. Channel catfish triploids become larger than
diploids at about nine months of age slightly after the
first appearance of sexual dimorphism in body weight
[14]. Consequently, investigations on the effect of cold
shock on the growth performance of Clarias gariepinus
would continue till the period of sexual maturity to
know whether the cold shock treated group will exhibit
a significant better growth performance than the control
as they direct energy from reproduction to somatic
growth.

Cold shock treatment of fertilized eggs of Clarias
gariepinus and other Clariid species successfully
induces triploidy [2]. Triploid induction leads to sterility
[20]. Induction of tetraploidy by suppression of first
mitosis in eggs fertilized with viable spermatozoon was
attempted in Oreochromis niloticus using cold shock by

Don and Avtalion [13]. The advantage of this sterility
can be exploited in aquaculture development such that
the sterile fish produced on farm can be used to stock
natural waters as a way of replenishment, while
preserving the genetic integrity of the wild populations.

The physicochemical water quality parameters are
essential factors that were monitored throughout the
period of the experiment. The mean temperature in the
cold shock and control treatments ranged from 25 -
27oC, pH 6.6- 8.5 and dissolved oxygen, 6.0-6.8mg/l,
and conductivity, 0.14-0.17ms/cm. These are in
agreement with Anyanwu [3] and within mean
temperature of 2.06 oC, pH of 6.6-8.5, dissolved
oxygen, 6.0-6.8mg/l and conductivity of 0.12-
0.18ms/cm that were stipulated 
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