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1. INTRODUCTION 

Although projections show that significant growth in global fish production will come from 
aquaculture [1], the serious lack of adequate supplies of good quality fish seed for local farmers and 
producers in developing countries has been recurrently identified as an important constraint to 
aquaculture development [2-6]. In these countries the obtention of fish seed by artificial propagation 
using parents that are successive filial generations of a limited number of broodstock has gained 
grounds [7- 9]. However, such seed may suffer from the undesirable effects of inbreeding, such as 
lower growth and survival [10], reduced number of offspring [11], reduced fitness [8], decreased 
fecundity [12] and structural deformities [7]. 

The hybridization of fish species with other but closely related species or strains has been employed 
as a means to address the above constraint and obtain individuals with improved performance [13].  
Hence, this study involved the hybridization of a cultivable Cameroonian clariid species with the 
exotic aquaculture strain of Clarias gariepinus (Siluriformes: Clariidae), a popular aquaculture 
species in many African countries [3-5], to evaluate the growth performance and survival of their 
purebreds and reciprocal hybrids. 

2. METHODS AND MATERIALS 

2.1. Broodstock source and experimental sites 

Mature broodstock of the aquaculture stock of Clarias gariepinus (Cultured) and a C. gariepinus 

strain (Grassland), collected from the Mezam River Basin in Lower Bafut, North West Region, 

*Corresponding Author: Fidelis Narika Ambeno, Department of Fisheries and Aquatic Resources 

Management, Faculty of Agriculture and Veterinary Medicine, University of Buea, Buea, Cameroon 

 

Abstract: Reduced fish growth and survival may result from artificial propagation when broodstock that are 

successive filial generations of a limited number of parents are used. To solve this problem, hybridization can 

be employed to obtain strains with improved performance, which can then be reared as broodstock. 

Purebreds and reciprocal hybrids from a cultured strain and a Cameroonian grassland strain of Clarias 

gariepinus (Burchell, 1822) were produced artificially and grown for 63 days to assess their growth 

performance and survival. Stripped fecundity was higher in the Cultured females (P<0.05). Fertilization and 

hatching rates were highest in the Grassland purebred (79±4.6 and 75.0±6.2 %, respectively), intermediate in 

the reciprocal crosses, and lowest in the Cultured purebred (P<0.05). Mean weight gain was highest in the 

Cultured female x Grassland male hybrid (1.2187±0.0173g) with heterosis value of 70.85%, and lowest in the 

Grassland purebred (0.2845±0.0076g) (P<0.05). Predicted weight increase followed the same trend. Fry 

survival was higher in the reciprocal hybrids (3.25±1.76 and 2.67±1.84 %) than the purebreds (P<0.05). 

While the Cultured female x Grassland male hybrid is recommended for use as broodstock, its further 

hybridization with the Grassland female could maximise the number of hatchlings, growth and survival in one 

strain.  

Keywords: Hybridization, cultured strain, Cameroonian grassland strain, Clarias gariepinus, weight gain, 

heterosis, predicted weight, fry survival 
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Cameroon, and characterized by [14], were obtained from the Fish, Animal Production and 

Agrofarms (FAPA) hatchery complex in Muea – Buea. Spawning experiments were carried out at the 

OKF AquaFish Center, Limbe. The facility integrates modern recirculation aquaculture (RAS) units, 

each with a 1m
3
 capacity and connected to a biofilter for detoxification, a UV radiation source 

(RESUN
®
 008 – 9 V) for killing of any eventual pathogens, and a RESUN

® 
ACO-004 electromagnetic 

air pump for aeration. The water in each RAS unit was recycled by a 0.5hp electric pump with a 

maximum flow rate of 42L/min adjustable by fitted taps. Replicated growth experiments were carried 

out at the Limbe Nautical Arts and Fisheries Institute (LINAFI) in 60 L capacity plastic tanks. Buea 

and Limbe are both located in Fako Division of the South West Region of Cameroon (Figure 1). 

Figure1. Sites for broodstock holding, spawning and larviculture. 

 

2.2. Gamete Collection, and Egg Fertilization and Incubation  

Two gravid female broodstock specimens and two mature male fish of each Clarias gariepinus strain 

(Cultured and Grassland) were selected according to the descriptions of [15] and [16]. The weights of 

the female broodstock are presented on Table 1. The weights of the male broodstock were 2.0 and 1.4 

kg (Cultured), and 1.2 and 1.2 kg (Grassland). Each broodstock specimen was kept separately in a 

labelled plastic basin containing a little water at 28˚C. The females were injected intramuscularly just 

below the dorsal fin with the synthetic hormone Ovulin
®
 at 0.5 mL/kg body weight, followed 3 

minutes later by a 3ml suspension of acetone-dried C. gariepinus hypophysis/kg body weight, to 

induce final oocyte maturation and ovulation. The females were monitored periodically until the 

females began releasing eggs. The males were injected both hormones at half the dose given the 

females. The eggs were obtained by stripping and the milt by aspiration with a hypodermic syringe 

[4], [17], [18]. The eggs from each female were weighed to give the stripped ova weight. From the 

stripped ova of each female broodstock three subsamples of ~2 g each were randomly collected, 

weighed in petri dishes, mixed with normal saline to facilitate counting, and counted. The mean 

number of eggs per gram from the subsamples was multiplied by total weight of stripped eggs to 

obtain total number of stripped eggs ≈ stripped fecundity [19]. The diameter of each of 50 oocytes 

stripped from female broodstock was measured to the nearest 0.01 mm using digital callipers and the 

mean computed [20]. The stripped ova index (SOI) was calculated from the stripped ova weight for 

each female, using the formula: 

SOI = (100)(stripped ova weight)/( body weight) ------------------------------------------ (1) [19]. 
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The quantities of milt from the two males of each strain were pooled together, as were the eggs from 

the two females of each strain [18]. Fertilisation was completely randomised, with each of the 

following combinations constituting a treatment:  

Treatment 1 = Cultured female x Cultured male;  

Treatment 2 = Grassland female x Cultured male;  

Treatment 3 = Cultured female x Grassland male; 

Treatment 4 = Grassland female x Grassland male. 

Half of the pooled Cultured eggs were fertilized with half the quantity Cultured milt and incubated by 

spreading in a single layer on the “kakaban” in the culture tank of a recirculation aquaculture system 

(RAS) unit at the OKF AquaFish Center. A sub-sample of ~2 g fertilized eggs was collected in a 

plastic vial for determination of fertilization rate, while a sub-sample of ~1 g of the fertilized eggs was 

incubated in separate triplicate 1 L bowls for determination of hatchability [21]. The procedure was 

repeated for the remaining quantities of eggs and milt to obtain the other treatments. The water in the 

RAS units was kept running with constant aeration. At the end of incubation, the “kakaban” was 

removed from each RAS tank and a flow-through run for 2 – 3 hours to remove any accumulated 

ammonia.  

At 10 hours post-fertilization [22], the total number of eggs and the number of unfertilized (opaque) 

eggs in the 2 g sample of eggs from each treatment were determined. Fertilization rate (FR) was then 

calculated as follows: 

FR = (100)(Total number of eggs – Number of opaque eggs)/(Total number of eggs) - (2) [4]. 

At the end of hatching, the number of larvae in each small bowl was counted and hatching rate (HR) 

computed as follows: 

HR = (100)(Number of hatched larvae)/(Number of incubated eggs) ------------------- (3) [21]. 

Table 1. Body weight, total egg weight, stripped ova index, stripped fecundity and egg diameter of the Cultured 

and Grassland strains of Clarias gariepinus female broodstock. 

Parameter 

+
Mean±SD 

*
T-test 

/  

W-

Anova 

 

Cultured female 

1 

Cultured female 

2 

Grassland  

female 1 

Grassland  

female 2 

Female weight 

(kg) 
1.80±0.35

a 
2.70±0.45

 b
 1.70±0.32

 a
 2.20±0.40

 c
 P<0.05 

Total egg weight 

(g) 
350.30±16.61

 a
 525.40±17.00

 b
 206.40±4.78

 c
 347.60±5.36

 a
 P<0.05 

Pooled egg weight 

(g) 
875.70±12.75

a 
554.00±19.51

b 
P<0.05 

Stripped ova 

index (%) 
19.46±4.50

 a
 19.46±3.52

 a
 12.14±1.74

 b
 15.80±3.21

 a,b
 P<0.05 

Number of eggs/g 899±66
 a
 1004±167

 b
 852±65

c
 943±45

 d
 P<0.05 

Egg diameter 

(mm) 
1.22±0.18

 a,b
 1.15±0.17

 a
 1.16±0.27

 a
 1.32±0.39

 b
 P<0.05 

Pooled egg 

diameter (mm)
 1.1850±0.0086

 a
 1.2500±0.0089

 b
 P<0.00 

Stripped fecundity 314,920±23,080
 a
 527,502±76,100

 b
 175,853±22,660

c 
327,787±42,900

 a
 P<0.05 

Pooled stripped 

fecundity 
421,211

a 
251,821

b 
P<0.05 

+
SD = standard deviation. 

*
T-test for two means, Welch’s ANOVA for more than two treatments. 

a,b,c,d 
Games-Howell: Values on same row with same superscript letters are not significantly different (P > 0.05). 

2.3. Feeding of Larvae in Ras Units 
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The larvae were fed ad libitum from the 4
th
 day right up to the 7

th
 day in the RAS tanks with shell-free 

Artemia (protein 54%, lipid 9%, ash 4%, fibre 6%, moisture ≤5%) (INVE
®
, USA). 

2.4. Fry Transportation, Stocking and Grow-Out in Indoor Plastic Tanks 

At one week of culture in the RAS tanks, the post-larvae of each treatment were transported in aerated 

water in a separate plastic container from the OKF AquaFish Center to the LINAFI premises about 8 

km away, for replicated growth experiments. For each treatment, 400 randomly selected fry were 

stocked in a 60-litre plastic tank in triplicate, at the rate of 10 fry per litre [23]. Each tank was fitted 

with a pipe connected to a RESUN
® 

ACO-004 electromagnetic air pump for aeration.  

Feeding continued from Day 7 with a transition (Table 2) from shell-free Artemia (INVE
®
) to the 

commercial extruded feed Le Gouessant
®
 (58% crude protein, 12% lipid, 0.2% crude fibre, 8.76% 

ash, 1.58% calcium, 1.27% phosphorus, 0.82% sodium), at 08:00h, 13:00h and 18:00h, at 5% body 

weight. Daily, before the first rations, any uneaten feed, faecal matter and dead fish were removed 

from each tank and the water changed [24, 25].  

Once a week, 20 fry were randomly collected from each tank, placed on a petri dish containing a very 

little film of water, and the total length [26] of each fry measured by means of digital callipers 

(TOTAL
®
) to the nearest 0.01mm. The fry were then placed on paper filter to absorb water and 

weighed on an electronic balance (ATOM
®
) to the nearest 0.01mg. The fry were then carefully 

returned to their respective tanks [20, 24]. The number of dead fry from each tank was recorded to 

determine the percentage survival, and the ration per tank adjusted to the new fish biomass in the tank 

[27]. The experiment lasted 63 days. 

Table 2. Feeding protocol for the larvae and fry during experimental period. 

Day % shell-free Artemia 
% commercial extruded feed

a
 

0.2-0.3mm
 b

 0.3-0.5mm
 b

 

0 – 3 0 0 0 

4 – 6 100 0 0 

7 75 25 0 

8 50 50 0 

9 25 75 0 

10 – 20  0 100 0 

21 – 23 0 50 50 

24 – 63 0 0 100 

a
Le Gouessant

®
, 

b
Feed grain diameter. 

The following growth parameters were determined for the fish in each tank: 

Mean weight gain (MWG) = Final mean weight (Y) – Initial mean weight (X) ------------- (4). 

Average daily growth rate (ADGR): 

ADGR = (Final weight of fish – initial weight of fish)/Number of days of experiment ---- (5). 

Specific growth rate (SGR) = (100)(ln Y – ln X)/(Rearing period, in days)  ----------------- (6), 

where ln is the natural logarithm. 

Condition factor (K) = W x 100/ L
3
 ---------------------------------------------------------------- (7),  

where W is weight of a fish and L is its length. 

Survival rate (SR) = (100)(Final number of fish)/Initial number of fish ----------- (8). [28, 29]. 

The length–weight relationships of fishes of the various treatments were estimated using the equation:  

W = aL
b
 -------------------------------------------------------------------------------------- (9),     where W is 

the body weight (g), L is the total length (cm), “a” is the y-intercept and “b” is the slope or regression 
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coefficient of the regression line. The length and weight data were log-transformed, so that the above 

Equation 9 became the linear expression: 

ln (W) = ln (a) + b ln (L) --------------------------------------------------------------------------- (10). 

Daily, just before feeding, uneaten feed, faecal matter and any dead fish were removed the water 

changed [30]. 

2.5. Water Quality Parameters 

In the RAS tanks and the indoor culture tanks at grow-out, water temperature, pH and total dissolved 

solids were monitored with electronic meters, and dissolved oxygen with the Lutron® DO-5509 

probe, thrice daily. Ammonia-N content was monitored with the H96715-01 Hanna Instruments
®
 

medium range kit, generally weekly; following the manufacturer’s manual, readings were multiplied 

by a factor of 1.214 to obtain parts per million (ppm) of ammonia. [4], [30], [31]. 

2.6. Data Analysis 

All data were analysed with IBM SPSS 21
®
. The data were screened for normality using 

Kolmogorov-Smirnov and Shapiro-Wilk tests. Levene’s test was used to screen the data for 

homogeneity of variance, which is a strict requirement of the ANOVA test. Since this requirement 

was not met in several parameters under study, Welch’s ANOVA was used to compare the means of 

more than two sets of data, and the Games-Howell post-hoc test for pair comparisons. The 

independent samples t-test was used to compare the means of two independent sets of data. 

Polynomial regression was performed on increase in fish weight with time for each treatment to 

predict trends in fish growth. Confidence level was set at 95%. 

3. RESULTS AND DISCUSSION 

3.1. Physicochemical Water Quality Parameters in Recirculation Aquaculture System Tanks 

and Indoor Plastic Tanks 

The physicochemical water quality parameters in both the RAS tanks and the grow-out tanks are 

presented on Table 3 and Table 4, respectively. The parameters recorded were generally within 

acceptable limits for tropical aquaculture [32], [33], [34]. 

Table 3. Mean, standard deviation (SD) and range of physicochemical water quality parameters in the RAS 

culture tanks from Day 1 to Day 7. 

 Statistic 
*
Treatment 

1 

Treatment 

2 

Treatment 

3 

Treatment 

4 

*
W-

Anov

a 

Recommende

d range 

Temperatur

e (℃) 

Mean±S

D 
26.33±0.54

a 
25.95±0.73

ab 
25.52±0.60

b 
25.24±0.70

b 

P<0.0

5 
20-32 [32] 

Range 
24.40 – 

27.10 
23.80-27.50 23.90-26.50 23.90-26.60 

Dissolved 

oxygen 

(mg/l) 

Mean±S

D 
7.86±0.42

a 
7.83±0.35

a 
8.18±0.30

a 
7.98±0.49

a 

P>0.0

5 
5-8 [33] 

Range 7.10-8.50 7.31-8.35 7.73-8.51 6.86-8.47 

pH 

Mean±S

D 
8.45±0.43

a 
8.29±0.45

a 
8.24±0.52

a 
8.26±0.41

a 

P>0.0

5 
6.5-9.0 [34] 

Range 7.84-8.90 7.61-8.75 7.44-8.75 7.70-8.90 

Total 

dissolved 

solids 

(mg/l) 

Mean±S

D 

114.85±1.1

3
a 

113.98±0.96
ab 

113.22±0.9

0
b 

113.93±0.85
ab 

P<0.0

5 

≤500 [33] 

 
Range 113-116 112-115 111-114 112-115 

Ammonia 

(mg/l) 

Mean±S

D 
0.24±0.08

a 
0.00

b 
0.00

b 
0.00

b 
P<0.0

5 
≤0.05 [32] 

Range 0.00-0.29 0.00 0.00 0.00 
*
Treatment 1 = Cultured female x Cultured male; Treatment 2 = Grassland female x Cultured male; Treatment 

3 = Cultured female x Grassland male;Treatment 4 = Grassland female x Grassland male.
*
Welch’s Anova; 

a,b,c 

Games-Howell: Values on same row with same superscript letters not significantly different (P > 0.05). 
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Table 4. Physicochemical water quality parameters of indoor plastic rearing tanks at LINAFI, Limbe, from 

Week 2 to Week 9.
 a,b,c

Games-Howell: Values on same row with same superscript not significantly different. 

 Statistic 
*
Treatment 

1 

Treatment 

2 

Treatment 

3 

Treatment 

4 

Welch’

s 

Anova 

Recommende

d range 

Temperatur

e (℃) 

Mean±S

D 

28.16±1.35
a 

28.08±1.31
a 

28.28±1.33
a 

28.20±1.33
a 

P>0.05 20-32 [32] 

Range 
25.00-

30.56 

24.78-

30.11 

25.00-

30.44 

25.00-

30.33 

Dissolved 

oxygen 

(mg/l) 

Mean±S

D 
7.13±0.71

a 
7.05±0.82

a 
7.09±1.11

a 
7.08±0.82

a P>0.05 5-8 [33] 

Range 5.40-8.64 4.82-8.97 5.29-13.30 5.36-8.98 

pH 

Mean±S

D 
8.49±0.32

a 
8.37±1.23

a 
8.47±0.25

a 
8.51±0.25

a P>0.05 6.5-9.0 [34] 

Range 7.28-8.94 7.60-8.06 7.90-8.87 80.3-9.02 

Total 

dissolved 

solids 

(mg/l) 

Mean±S

D 
136±2

a
 141±3

a
 137±2

a
 136±3

a
 

P>0.05 ≤500 [33] 

Range 130-139 131-250 131-141 131-140 

Ammonia 

(mg/l) 

Mean±S

D 
0.32±0.04

a 
0.31±0.04

a 
0.54±0.21

b 
0.21±0.04

c P<0.05 ≤0.05 [32] 

Range 0.24-0.39 0.21-0.38 0.24-0.81 0.11-0.28 

3.2. Female Reproductive Indices 

From the data observed in this study, the heavier female of each strain recorded higher fecundity and 

egg weight than the lighter female (P<0.05)  (Table 1), in agreement with [35 – 37], who reported that 

smaller fish tended to yield fewer eggs than larger fish. This is probably because smaller fish invest 

more energy in other activities such as predation avoidance, especially in cannibalistic fish like 

Clarias, instead of for growth and reproductive activity [38]. The lowest (87,927, Grassland 1, 1.7kg) 

and the highest (263,751, Cultured 2, 2.7kg) fecundity observed in this study are generally within the 

range of values of fecundity for Clarias gariepinus reported elsewhere [38], [39]. A stripped 

fecundity value of 52,480 had been previously observed (female, 2.6kg) in the Grassland strain [20], 

much lower (P<0.05) than the values (Grassland female 1: 1.7kg 87,927 and Grassland female 2: 

1.7kg 163,894) observed in this study.  

In fish reproduction under controlled conditions attempts are made to obtain the largest eggs possible 

and of the best quality [18]. Egg diameter in this study ranged from 1.15 – 1.22 mm (Cultured strain) 

and 1.16 – 1.32 mm (Grassland strain). These fall within ranges of values observed in other studies 

(1.00 – 1.6 mm) [40], (1.41 – 1.66 mm) [39] and (1.06 – 1.78 mm) [41]. A higher mean egg diameter 

(1.63±0.25 mm) was previously recorded in the Grassland strain [20] than the value recorded in this 

study (1.2500±0.0089 mm). Differences in oocyte maturation stage may have contributed to a higher 

egg diameter in [20]. Substantial disparity in egg size would be expected in Clarias gariepinus 

between October (when this study was done, when most of the oocytes would still be immature and of 

a smaller size), and January [20] (when the oocytes would be in an advanced stage of maturation and 

of a larger size) [15]. Additionally, the larger egg size in [20] could be due to the lower mean 

temperature (26.5 ℃) of the latency period compared to the 28 ℃ in this work [42]. 

Strain-wise, egg size was greater (P<0.05) in the Grassland than in the Cultured fish. This variation 

could be attributed to inherent genetic differences, since all the females were kept in the same 

conditions, right up to ovulation. Based on egg diameter, therefore, the Grassland females in this 

study would be more desirable for aquaculture than the Cultured females.  

Both fertilization and hatching rates were highest (P<0.05) in the Grassland purebred, lowest in the 

Cultured purebred, but not significantly different between the reciprocal crosses (Table 5). Hatching 

rate in catfish has been related to egg quality [18], suggesting that the higher hatching rates in 

combinations with Grassland females could be attributed to the larger (P<0.05) eggs they produced. 

This suggests that the differences in fertilization and hatching between the treatments in this study 
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could be due to genetic variations between the two strains, a trend which has been hitherto observed 

[43]. 

Table 5. Fertilisation and hatching rates of the pure lines and reciprocal crosses of the Cultured and Grassland 

strains of Clarias gariepinus. 

Parameter 

Crosses *
Welch’s 

Anova 
Treatment 1 Treatment 2 Treatment 3 Treatment 4 

Fertilization rate (%) 27±2.9
a 

70±8.0
b 

73±7.3
b 

79±4.6
c 

P<0.05 

Hatchability (%) 30±5.2
a 

34±4.0
 a
 31±4.0

 a
 75±6.2

b 
P<0.05 

a,b,c,d
Games-Howell: Values on same row with same superscript not significantly different (P > 0.05). 

3.3. Larval and Fry Growth 

Weekly progress in fish weight and total length are presented in Figure 2, while the mean values of all 

the growth variables and survival rate are presented on Table 6. Although the Cultured females 

produced smaller eggs (P<0.05) than the Grassland females, they yielded progeny (Treatments 1 and 

3) which grew faster than those of the Grassland females, throughout the experiment. Smaller fish 

eggs have been reported to produce individuals that grew faster than those from larger eggs [44]. 

The fish in Treatment 1 (Cultured purebred) had the highest weight at Week 1 (P<0.05), and from 

Weeks 4 to 8. However, Treatment 3 (Cultured female x Grassland male) crossbreds recorded higher 

weight than Treatment 1 at Weeks 2, 3, and 9. Such a random progress in weight or length where 

sibling crosses overtake each other at various points in time has been observed in clariid fish 

propagation [45–46]. This could be attributed mainly to inherent genetic factors that determine the 

growth pattern of each treatment [47]. 

Although it was observed that Treatment 1 had a higher temperature than Treatment 3 (P<0.05) at 

Week 1 (Figure 2), which would relate to increased food intake [48] and faster growth in the former 

[49], both treatments had the two highest weights, which did not differ significantly from each other, 

suggesting that the high growth in Treatment 3 resulted from genetic causes.  

Figure2. Increase in fish weight (a) and total length (b) of the pure and reciprocal crosses from the Cultured 

and Grassland strains of Clarias gariepinus from Week 1 to Week 9. 

     

                                             (A)                                                           (B) 

Key: Treatment 1 = Cultured female x Cultured male; Treatment 2 = Grassland female x Cultured male; 

Treatment 3 = Cultured female x Grassland male; Treatment 4 = Grassland female x Grassland male. 

At the end of the experiment, Treatment 3 (Cultured ♀ x Grassland ♂) performed the best (P<0.05) in 

weight gain (1.2187±0.0173 g), exhibiting heterosis in weight increase of 70.85% over the parental 

lines (Table 6). This reveals that Treatment 3 fish added more mass per unit increase in length than 

the other treatments, resulting in a higher condition factor, a desirable attribute in aquaculture. 
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Table 6. Mean values and standard deviation of growth variables and survival rate of the pure and reciprocal 

crosses of the Cultured and Grassland strains of Clarias gariepinus. 

Parameter *Treatment 1 Treatment 2 Treatment 3 Treatment 4 Levene 
Welch’s 

ANOVA/T - test 

Initial total 

length 

(mm) 

9.22±0.97a 8.27±0.45b 8.86±0.41a 8.01±0.75b P=0.001 P<0.05 

Final total 

length 

(mm) 

53.13±7.38a 37.01±7.15b 45.52±8.32c 37.66±6.19b P=0.146 P<0.05 

Mean 

length gain 

(mm) 

43.91±7.83a 31.01±8.31b 38.51±9.13a 29.65±5.77b P=0.341 P<0.05 

Initial body 

weight (g) 
0.0190±0.0133a 0.0105±0.0009 b 0.0135±0.0018 a,b 0.0095±0.0011 b P=0.000 P<0.05 

Final body 

weight (g) 
1.1610±0.0003a 0.4256±0.0014b 1.2135±0.0637c 0.2940±0.0076d P=0.000 P<0.05 

Mean 

weight gain 

(g) 

1.1420±0.0133a 0.4149±0.0018b 1.2187±0.0173c 0.2845±0.0076d P=0.000 P<0.05 

% Heterosis 

for weight 

gain 

  -41.83 70.85    P<0.05 

Average 

daily 

growth rate 

(%) 

2.00±0.02a 0.73 ± 0.00b 2.14 ± 0.03c 0.50 ± 0.01d P=0.000 P<0.05 

Specific 

growth rate 

(%/day) 

7.69±1.13a 6.62±0.16b 8.08±0.25a 6.14±0.21b P=0.000 P<0.05 

Feed 

conversion 

ratio 

1.51a 3.23b 1.84c 3.22b P=0.001 P<0.05 

Final 

condition 

factor (K) 

0.86±0.36a 0.88±0.58a 1.51±1.12b 0.64±0.30a P=0.000 P<0.05 

Survival 

rate (%) 
1.75±0.54a 3.25±1.76b 2.67±1.84a,b 0.08±0.03c P=0.000 P<0.05 

% Heterosis 

for survival 

rate 

  255.19 191.80    P<0.05 

a,b,c,d
Games-Howell: Values on same row with same superscript are not significantly different. 

3.4. Prediction Equations for Weight Increase 

Predictive modelling of fish weight with time are shown on Figures 3, 4, 5 and 6 for Treatments 1, 2, 
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3 and 4, respectively [50]. Growth patterns based on the models show that if culture time were 

extended under the prevailing conditions, Treatment 3 would far outgrow the other treatments (Figure 

7), rendering it more desirable than the other treatments for aquaculture. The goodness-of-fit 

representation of the data was good in all the treatments. 

Figure3. Polynomial growth model for increase in fish weight with time for Treatment 1 (Cultured female x 

Cultured male). 

 

 Figure4. Polynomial growth model for increase in fish weight with time for Treatment 2 (Grassland female x 

Cultured male). 
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Figure5. Polynomial growth model for increase in fish weight with time for Treatment 3 (Cultured female x 

Grassland male) 

 

Figure6. Polynomial growth model for increase in fish weight with time for Treatment 4 (Grassland female x 

Grassland male). 

 

Figure7. Predicted weights of the pure lines and reciprocal crosses of the Cultured and Grassland strains of 

Clarias gariepius used in this study, from Week 10 to Week 12, based on the regression functions obtained for 

each treatment. 

Key: y1, y2, y3, y4 = Regression functions of Treatments 1, 2, 3, 4, respectively. 
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3.5. Fry Survival 

Highest survival rate was observed in Treatment 2, although not significantly higher than Treatment 3 

(P>0.05) (Table 6). The toxic ammonia range of 0.1495 – 0.1678 mg/l expected in this study, based 

on prevailing temperatures [37], was exceeded in all the treatments (Table 4). This may have led to 

the poor survival rates observed, compared to survival rates of 65.2 and 30.5% in clariid purebreds 

and 85.5% in their hybrids after 2 months obtained by [4] who worked with flow-through outdoor 

concrete tanks in the same geographical region where this study took place. These authors employed a 

flow-through system for continual ammonia removal from the culture tanks, which perceptibly proved 

effective for fish survival. 

4. CONCLUSION 

Based on the higher fecundity of the Cultured females, the higher observed and predicted growth of 

their progeny, as well as their comparatively high survival, Treatment 3 (Cultured female x Grassland 

male) presented the best prospects for use as broodstock. This hybrid would reduce dependence on a 

limited number of broodstock in Clarias gariepinus culture. However, the higher rates of fertilization, 

hatching and survival associated with the Grassland females could be incorporated genetically into the 

Treatment 3 fish by further hybridization, in order to maximise the number of hatchlings, growth and 

survival in one strain.  
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