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Abstract

African catfish (Clarias gariepinus) is a widely studied species in aquaculture due to its rapid growth
rates, adaptability to various environments, and the potential for breeding programs. This study aims
to evaluate growth rate, frequency of shooters and survival of C. gariepinus (Burchell, 1822) Inbred
and Crossbred haplotypes of river Donga, Nigeria. Which was carried out for a period of eight (8) weeks
from February — March 2021. Thirty (30) fish samples were utilised for molecular analysis, following
standard laboratory procedure for sequencing. The fry from the sequence fish samples were evaluated
for growth performance, frequency of shooter and survival across the inbred (Hapl 9D x Hapl 3D,
Hap3 @D x Hap3 3D) and crossbred (Hap1 YD x Hap3 3D and Hapl 3D x Hap3 2D) haplotypes.
After eight (8) weeks of rearing, the crossbred haplotypes demonstrated higher weight gain (g), length
gain (cmy), specific growth, frequency of shooters and percentage survival compared to the inbred group.
The highest mean final weight (MFW) of 25.47+0.64 g and mean weight gain (MWG) of 24.02+0.13 g
was observed in the crossbred group resulting from a Haplotype 1 female crossed with a Haplotype 3
male (Hapl YD x Hap3 3D). In contrast, the lowest values for MFW (17.44+0.98 g) and MIWWG
(16.41%0.93 g) were recorded in the inbred group (Hapl YD x Hapl 3D). Additionally, crossbred
haplotypes exhibited higher survival rates, with Hapl YD % Hap3 3D showing 78% and Hap1 3D %
Hap3 D showing 79% survival. The implications for breeding programs are significant, providing a
roadmap for utilizing hybridization of genetic groups to enhance growth and survival traits in C.
gariepinus.

Keywords: Haplotypes; Hybridization; River Donga; Shooters; Survival

INTRODUCTION

The African catfish (Clarias gariepinus) is a widely studied species in aquaculture due to its
rapid growth rates, adaptability to various environments, and the potential for breeding
programs (Adeyemo, 2019). Different strains of C. gariepinus can have varying growth rates,
frequency of shooters and survival under different environmental conditions. These strains
may be distinguished by genetic markers or based on their geographic origin. For example,
farmed lines may exhibit different growth performance compared to wild populations. In
commercial aquaculture facilities, the growth performance of fish is the most important
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influencing factor concerning economic benefit (Lugert, et al., 2016). Understanding the
growth rate differences between inbred and crossbred strains is vital for optimizing
production and determination of optimal environmental conditions for fish growth and
achievement of the desirable market size is essential for optimizing aquaculture production
(Azaza et al., 2008).

Studies often highlight how selective breeding can lead to strains with superior growth rates.
Growth performance can be affected by genetic factors, feed quality, stocking density, and
management practices (Turingan and McCoy, 2005). Outcrossing between strains may also
introduce heterosis, leading to improved growth (Uruku and Abur, 2023). The culture of
hybrid catfish, particularly C. gariepinus crossed with other African catfish species, has gained
attention due to its potential for improved aquaculture productivity. The performance of these
hybrids varies based on the genetic compatibility of the parent species. Hybridization
outcomes in C. gariepinus vary depending on the species involved. Ataguba et al. (2010)
revealed that crosses between C. gariepinus and Heterobranchus longifilis (C1¢ x Ht3 and Ht® x
Cl3) tend to exhibit lower specific growth rates (SGR) than purebreds, indicating possible
negative heterosis due to genetic incompatibility. Conversely, hybrids of C. gariepinus and H.
bidorsalis (C1? x Hbg3) showed improved growth and significantly higher survival (Ayinla et
al., 2023). Similarly, observation by Okomoda et al. (2023) on hybrids with C. macromystax
which demonstrated strong performance under semi-arid conditions. A comparative study
by Okereke et al. (2022) revealed that a hybrid strain of C. gariepinus achieved the highest SGR,
outperforming both selectively bred and wild strains, with superior survival rates.

"Shooters" refer to individuals that are larger or more dominant within a population, often
due to genetic predisposition or environmental factors. High frequencies of shooters can
indicate successful selective breeding or optimal rearing conditions. The identification and
management of shooters is crucial for optimal harvesting and overall production efficiency.
Survival rates among different strains can vary significantly due to factors like disease
resistance, growth competition, and stress tolerance. Studies often monitor survival
percentage across various conditions, including water quality, temperature, feeding regimes,
and the presence of predators or pathogens (Lugert et al., 2016). Therefore, this study aims to
investigate C. gariepinus haplotypes Inbred and Crossbred for growth, frequency of shooters
and survival rate in the genotypes.

MATERIALS AND METHODS

Description of Experimental Site

Kahzuh integrated farm which is a leading modern Technological driven farm which lies on
latitude 8°5' 2.472" N and longitude 9°47'34.008" E in Gindin Waya, Ibi LGA, Taraba State
Nigeria. It is bounded in the south by Benue state, North by Gassol LGA, East by Wukari
LGA and West by Ibi LGA. Gindin Waya agro - ecological zone is like the southern guinea
savanna and is characterized by tropical hot/wet with distinct rainy and dry seasons
(Imadojemu et al., 2018).

Fish for Experimentation

The fish specimens were created from brooders of the Clarias gariepinus of river Donga
Haplotypes and then used to produce inbred and crossbred fingerlings that is utilized for
growth determination.
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Experimental crosses
The following generic combinations were carried out:

Table 1: Design of Haplotypes characterization

Haplotypes Location
River Donga

Haplotype 1 Equal number, equal size, equal sex ratio across the two locations
Haplotype 2 2 Same sex ratio in one location
Haplotype 3 Equal number, size, sex ratio across the two locations as in Haplotype 1

Table 2: 2x2x2 Factorial Design for Rearing

Location Generic Groups
Inbred hap 1- Genl Inbred hap3-Gen 2 Crossbred haplxHap3-Gen3 Recip Crossbred haplxHap3-gen-4

Donga Hapl FD XhaplMD  Hap3 FD X hap3MD Hap 1FD X Hap3MD Hap1MD X Hap3FD

Hap = haplotype; Gen = Generic group; Recip = Reciprocal; MD = Male of Donga; FD = Female of Donga

Determination of Shooters Frequency, Growth Performance, Survival and Feeding of Fry
The incubation tanks were clean and restocked with 72 hours post hatchlings after complete
yolk sac absorption per treatment and reared for 21 days. Each of the fry hatched in all the
treatment were weighed. Feeding of fry’s commenced at 72 hours after hatching. The fry was
fed with Artemia for 21 days and later fed with 0.2mm of starter feed (commercially
prepared). Each of the replicates were fed at 10% of the body weight three (3) times daily.

A water flow through system was maintained throughout the rearing period (70 days) and
water quality of the rearing environment was maintained at a pH of 7.9, temperature at 26.5
- 290C and dissolved oxygen at 4.5 - 5.2 mg/L. At the expiration of the rearing period (70
days), the fry’s in each treatment were sorted into different size categories designated as:
extra-large size growers (Shooters-S), average sized growers (A) and slow growers (Runt-R)
as described by =~ Nwadukwe and Nana (2000). Number of fry and the weight of individuals
in each size group were determined. Weights were measured using digital weight balance.

Percentage of shooters was calculated.
Number of shooters

Shooters = x 100 (1)

Number of stocked fry

Setting the out-door experiment and feeding of fry

The four crosses were replicated and stocked in twenty-four hapas at 200 fry per hapas. The
fry were fed with Coppen’s feed of 0.2 - 0.3 mm for 1 week and 0.3 - 0.5 mm for another 4
weeks. Hatchlings were fed twice daily (morning and evening). Sampling for pooled weight
and length were taken weekly for 8weeks.

Determination of growth performance

Data of weight and length collected during the experimental period was analyzed
subsequently for the determination of growth rate among the haplotypes. The growth
performance of the larvae, fry and fingerlings were determined in terms of mean weight gain
(MWG), specific growth rate (SGR) and mean length gain (MLG) parameters. The mean final
weight (MFW) and mean final length (MFL) were taken at all the developmental stage (larva,
fry and fingerling) of the experiment in order to ascertained the growth rate achieved by each
group of the haplotypes. Weekly measurements were carried out for weight (to the nearest g)
with a weighing balance and total length (to the nearest mm) with a measuring scale for
larvae, fry and fingerlings from each treatment (breed). Length gain, weight gain and specific
growth rate (SGR) were determined by formula adopted from Tilahun et al., (2016):
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Weight gain = Mean final body weight (MFW) - mean initial body weight (MIW);

Length gain (MLG) = Mean final length (MFL) - mean initial length MIL);

SGR = {(In W final weight-In W initial weight)/culture period} x 100

Where;

Wi is the initial fish weight (g) at time T1 (day) and W2 is the final fish weight at time T> (day).

Survival performance

The rate of survival in each stage (two weeks for larvae and two weeks for fry and one month
for fingerlings) among the haplotypes was determined by counting and recording the
mortality at the beginning and end of the culture period. It was calculated by the formula

adopted by Ayinla and Akande (1988).
%Survival Rate (SR) =+ X 100 )
Where:

Ni is total number of fry at the end of the experiment
No is total number of fry at the beginning of the experiment.

Physicochemical Parameters

The water quality of the system of culture (hatchery unit) was monitored daily for:
Temperature, pH, Dissolved oxygen, Ammonia (NHs) and Electric Conductivity. The analysis
was done immediately after water samples collection. The parameters were determined insitu
using a multi parameter water checker from various hatching tank.

Statistical analysis

Data on production and reproductive potential was analyzed using Minitab 14 software for
descriptive statistics and Genstat Discovery edition 4 for analysis of variance (ANOVA) with
respect to inbreed and their reciprocal crosses. Post hoc test was carried out using Duncan
Multiple Range Test (DMRT) to determine the differences between the means (P=0.05) using
SPSS version 20.0.

RESULTS

The growth curve illustrating length (cm) increase for each cross for river Donga haplotype is
presented in Figure 1. The crossbred showed intermediate values between the two parental
line crosses for length parameters. The maximum values for mean final length (MFL) (6.3£0.26
cm) and mean length gain (MLG) (5.93+0.47 cm) were recorded in inbred Hapl ¢D x Hapl
3D - Haplotype 1 female crossed with Haplotype 1 male whereas the minimum size for MFL
(4.83£0.25 cm) and MLG (4.47£0.14 cm) were observed in cross bred Hapl 3D x Hap3 ¢D -
Haplotype 1 male crossed with Haplotype 3 female. The inbreed of Haplotype 1 female
crossed with Haplotype 1 male (Hapl D x Hapl 3D) and Haplotype 3 female crossed with
Haplotype 3 male (Hap3 ¢D x Hap3 3D) recorded greater values for both MFL and MLG
compared to that of cross bred of Haplotype 1 male crossed with Haplotype 3 female (Hap1
3D x Hap3 ¢D) and Haplotype 1 female crossed with Haplotype 3 male (Hapl D x Hap3

3B).
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Figure 1: Weekly length gain of inbred and crossbred of river Donga haplotype

The growth curve illustrates weight increase (g) for each cross for Donga Haplotype is
presented in Figure 2. The cross bred showed intermediate values between the two parental
line crosses for weight parameters. The maximum values for mean final weight (MFW)
(25.47+0.64 g) and mean weight gain (MWG) (24.02+0.13 g) were recorded in cross bred Hap1
$D x Hap3 3D - Haplotype 1 female crossed with Haplotype 3 male. whereas the minimum
size for MFW (17.44+0.98 g) and MWG (16.41+£0.93 g) were observed in inbred (Hapl ¢D x
Hap1 3D). The cross bred of Haplotype 1 female crossed with Haplotype 3 male (Hapl D x
Hap3 3D) and Haplotype 1 male crossed with Haplotype 3 female (Hapl 3D x Hap3 ¢D)
recorded greater values for both MFW and MWG compared to that of inbreed of Haplotype
1 female crossed with Haplotype 1 male (Hapl D x Hapl 3D) and Haplotype 3 female
crossed with Haplotype 3 male (Hap3 ¢D x Hap3 3D).
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Figure 2. Weekly weight gain of C. gariepinus inbred and crossbred of river Donga population

The mean weight gain (MWG), mean length gain, specific growth rate (SGR), frequency of
shooters and percentage survival of the parental lines of C. gariepinus of river Donga
haplotype reared for Eight weeks is presented in Table 3. The MWG was 24.05g for the cross
bred (Hapl ¢D x Hap3 3D) and 22.97g for the crossbred (Hapl 3D x Hap3 D) were
higher than inbred of Hapl ¢D x Hapl 3D (16.47g) and Hap3 ¢D x Hap3 3D (17.53g). The
mean specific growth rate (SGR) was higher (2.37g) in inbred (Hap3 $D x Hap3 3D) followed
(2.24g) by the crossed of Hapl 3D x Hap3 ¢D parental line. While the lowest value (2.05g)
was recorded in the inbred Hapl ¢D x Hapl 3D. The highest percentage survival (77.00%)
was recorded in crossbred Hapl 3B x Hap3 ¢B followed by (78.00%) crossbred Hapl $B x
Hap3 3B. while the lowest (66.00%) was recorded in both inbred Hapl ¢D x Hapl 3D and
Hap3 ¢D x Hap3 3D. It is clear from the result that the crossbred of Hapl $B x Hap3 3D and
Hap1 3D x Hap3 D performed better than the inbred.
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Table 3: Weight Gain, Length Gain, Specific Growth Rate, Frequency of Shooters and %
Survival After Week 8 of Culture for River Donga Haplotype

Hap1 ¢D x Hapl 3D Hap3 ¢D x Hap3 3§D Hapl ¢D x Hap3 3D Hapl 3D x Hap3 D

Weight gain (g) 16.47 17.53 24.05 2297
Length gain (cm) 5.90 5.70 4.90 4.40
SGR 2.05 237 2.08 2.24
Shooters 21.00 15.00 33.00 36.00
%Survival 66.00 66.00 78.00 79.00

Inbreed = (Hap1 ¢D x Hapl 3D - Haplotype 1 female crossed with Haplotype 1 male and Hap3 ?D x Hap3 3D -
Haplotype 3 female crossed with Haplotype 3 male).
Crossbreed = (Hapl D x Hap3 3D - Haplotype 1 female crossed with Haplotype 3 male and Hapl 3D x Hap3 2 -
Haplotype 1 male crossed with Haplotype 3 female)

Table 4 revealed that among the water quality parameters, temperature negatively correlated
with number of fertilized eggs, number of hatchlings, percentage of fertilization and survival
at Day 3 at r = -0.53, - 0.53, - 0.53 and - 0.52 respectively. pH values show strong positive
correlation with percentage Hatchability at r = 0.53 and negatively correlated with number of
fertilized egg and percentage survival at r = - 0.31 and - 0.28 respectively. Dissolved Oxygen
correlated positively with number of hatchlings, percentage Hatchability, and Survival at day
3 atr =0.27, 046 and 0.17 respectively and correlated negatively with number of fertilized
eggs, percentage fertilization and percentage survival at - 0.04, - 0.04 and - 0.15 respectively.
Ammonia correlated positively with number of fertilized eggs, number of hatchlings,
percentage fertilization, percentage of hatchability and survival at day 3 at r = 0.14, 0.27, 0.14,
0.32 and 0.11 respectively and corrected negatively with percentage survival at r = - 0.42.
While electrical conductivity correlated positively with number of hatchlings and percentage
of hatchability at r = 0.07 and 0.31 respectively and correlated negatively with number of
fertilized eggs, percentage of fertilization, survival at Day 3 and percentage survival at eight
weeks of rearing r = - 0.17, - 0.17, - 0.01 and - 0.17 respectively.

Table 4: Pooled Correlations (r) Values of Water Quality Parameters and Reproduction
Indices of River Donga Haplotypes

Tempt. (OC) pH D.0(mg/L) NH;3(mg/L) E. C.
No. of fertilized egg -0.53 0.06 -0.04 0.14 -0.17
No. of hatchlings -0.52 -0.31 0.27 0.27 0.07
% Fertilization -0.53 0.06 -0.04 0.14 -0.17
% Hatchability -0.06 0.53 0.46 0.32 0.31
Survival at Day 3 -0.52 0.18 017 0.11 -0.01
% Survival -0.10 -0.28 -0.15 -042 -0.17

Note: * Indicates that correlation is significant (P> 0.05); Tempt. = Temperature (O€); E.C = Electrical
Conductivity

DISCUSSION

Growth rate

The findings regarding growth rates among inbred and cross-bred C. gariepinus contribute
valuable insights into selective breeding practices. The data presented in this study align with
previous work that highlights enhanced growth rates in hybrid fish due to increased genetic
diversity. Zong et al. (2020) establishes that cross-bred individuals show superior growth
performance compared to their inbred counterparts, supporting Williams et al. (2018) that
emphasizes the benefits of hybrid vigor. Ng and Siti-Zahrah, (2015) also revealed that
crossbred C. gariepinus can achieve higher average daily weight gains compared to inbred
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lines. Similar observation by Diyaware et al. (2023) who investigated selective breeding
response and growth of Clarias gariepinus collected from River Benue and Gubi Dam, Bauchi.
For example, variations in performance can be observed in studies where heterotic effects lead
to faster growth and superior feed efficiency.

Studies, have shown that certain haplotypes significantly influence growth rates. Specific
maternal and paternal lines exhibit higher growth potential when crossed, providing valuable
genetic markers for breeding programs (Qin et al., 2022). The benefit of crossbreeding might
also extend due to better adaptability in mixed environments. Fish that are a hybrid of
different genetic strains may endure different stressors more efficiently, which correlates with
growth performance (Khan et al., 2020).

The identification of "shooters" in the study adds another layer to the understanding of
phenotypic variation within C. gariepinus populations. Higher frequency of shooters in cross-
bred individuals in this study validates the hypothesis that genetic hybridization can yield
individuals with enhanced traits. This finding resonates with earlier research of Chen et al.
(2019) that found increased occurrence of superior phenotypes in hybrid populations across
several fish species. However, the methodology for selecting shooters could have been
elaborated upon; clearer definitions and criteria would enhance repeatability and validity.

Survival rates among different haplotypes reveals critical insights for breeding strategies. The
study suggests that certain haplotypes confer greater resilience against environmental
stressors, which is paramount for aquaculture sustainability. The emphasis on haplotype
variations provides a progressive approach toward genetic selection, aligning with findings
from Huang ef al. (2021) that highlighted the importance of genetic diversity for survival in
aquatic environments.

The methodology employed in this study appears sound, utilizing controlled breeding trials
to gather data on growth rates, frequency of shooters and survival. Molecular techniques for
haplotype identification and verification were integrated that strengthen the genetic analysis
component of this research. The implications for breeding programs are significant, providing
a roadmap for utilizing hybridization to enhance growth and survival traits in C. gariepinus.

CONCLUSION

The study provides insightful data on the growth rates, frequency of shooters, and survival
of different haplotypes in C. gariepinus. It reinforces the importance of genetic diversity in
aquaculture practices while also presenting practical applications for breeding strategies.
Future research could expand upon these findings by examining long-term effects of
hybridization and exploring the ecological implications of increased hybrid populations in
natural habitats.
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