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ABSTRACT

The current research involved pure and reciprocal crosses of two African catfishes:
Clarias gariepinus (Cl) and Heterobranchus longifilis (Ht) to give four groups namely
CIxCl, CIxHt, HtxCl and HtxHt. Triplicate groups of progenies were reared for 56
days and length (total length) were taken weekly. Mortalities were recorded and
growth shooters sorted. Data was corrected for missing values (mortality) using
imputation algorithm. Data passed the Kaiser-Meyer-Olkin factor adequacy test
(Measure of Sampling Adequacy (MSA)>0.8) and the Bartlett's test of sphericity
(p<0.05) prior to principal component analysis, linear discriminant analysis and
hierarchical clustering. For all samples, length from weeks 2 and 3 was 42.2% of
variation —(dimension 1) which we call archikotic growth phase and from weeks 7
and 8 accounted for 11.1% (dimension 2) which we call telikotic growth phase are
grouping factors. For non-growth shooters, length from weeks 1 to 5 (83.5% -
dimension 1) named endiametic growth phase and from week 7 - 8 (6.3% -
dimension 2) named as telikotic growth phase are the grouping factors. Growth
shooters can be grouped based on length between week 2 and 6 (75% variation in
dimension 1 - endiametic growth phase) and week 1 and 8 (10.2% variation in
dimension 2 - architelic growth phase). Accuracy in the identification of progeny
according to their family declined with uniformity in size. Grouping of the crosses
also showed that there was a maternal influence on the clustering such that CIxCl
and CIxHt clustered together as did HtxHt and HtxClI.

INTRODUCTION

The mating of individuals that can be well differentiated
in terms of their genetic makeup is called hybridization

The desired goal in each crossbreeding and
hybridization trials is heterosis, a term that extends
beyond hybrid vigor into increased genetic
variability, fast growth, and greater biomass
production (Bondoc, 2008). aim of improvement in

(Bartley et al., 2000), hence inter-generic hybridization
(Ataguba et al., 2010; Ndimele et al., 2011; Okomoda
et al., 2018). Crossbreeding refers to pairing of animals
that are actually different breeds and breeds refers to
lineages within a species that exhibit variation in gene
frequencies (Bondoc, 2008), It is common to see the
use of hybridization in tandem with crossbreeding in the
fields of agriculture and aquaculture with the ultimate
and Gorda, 1995), tilapia (De Verdal et al., 2014) and
the African catfish (Adene et al., 2017; Oben et al.,
2015).
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quantitative (growth, disease resistance etc.) or
qualitative (structure, form etc.), traits  with
examples in the channel catfish (Smitherman et al.,
1996), common carp (Bakos

One rationale behind this hypothesis is that different
species are likely to have evolved different alleles at
common gene loci and thus that there will
predictably be high levels of heterozygosity in the
hybrid progeny (Zhang et al., 2015). High levels of
heterozygosity are often associated with greater
fithess (Danzmann et al., 1988). Consistency in the
desired trait in the F1 generation is an indication that
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hybrid vigor was established and is the basis for
providing predictable gains in the hybrids. The other
main rationale for carrying out hybridization is to
combine a set of desirable characteristics from two
or more different species into a single hybrid with
the combination of traits in the hybrid then having
significant benefits (Bondoc, 2008), in the context
of production or marketing, over either of the
parental species. Hybridization is widely used to
increase growth rate (De Verdal et al., 2014),
survival rate (Ataguba et al., 2010), manipulate sex
ratios (Desprez et al., 2006), produce sterile
animals (Yoshikawa et al., 2018), improve flesh
quality (Jankowska et al., 2007), increase disease
resistance (Wolters et al., 1996), and improve
environmental tolerance (Kelly and Kohler, 1999).

Hybridization and crossbreeding are two relatively
simple techniques that terminate at the first filial (F1)
generation, but subsequent display of inherited vigor
is premised upon selection. Selection uses input
from crossbreeding or hybridization to obtain
germplasm. Here, there is no new gene pool
generated rather the parental lines selected are
procreated to have more progeny and increase
allelic frequency for desired traits (Bondoc, 2008). It
is clear to see that selection involves the use of
genotypes with expressed phenotypes that are
superior in breeding so that subsequent generations
will carry the superior genes in numbers that are
more than the parental lines.

The principles of selection are easy to adopt in
terrestrial animal agriculture and in the aquaculture
of some species such as tilapia and carp where
male and female line selection is easy since milt is
easily obtained, or natural spawning takes place. In
the African catfish, the sire line is usually eliminated
in the process of breeding hence when heterosis is
achieved in the F1 generation, the backcrossing of
the offspring with the parental sire is impossible
except if milt is cryo-preserved. Backcrossing is
ideal for knocking out some genes since 50% of the
genes will be affected by heterosis (Benavides and
Guénet, 2012), hence traits like cannibalism and
aggression can be reduced by half with a generation
of offspring of uniform size (Marjanovic et al.,
2016).

Selection therefore becomes the key tool for genetic
improvement in both pure line and reciprocal hybrid
African catfish. Selection protocols can involve
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individual selection, pedigree selection, progeny
testing and sib-information (Bondoc, 2008). These
methods require information on desired traits. In
selecting for growth rate that leads to uniformity in
size, it is important to have information on the
temporal progression of growth of the F1 generation
to identify size uniformity performers and if the goal
is fast growth, growth shooters can easily be
identified.

Multivariate analysis comprises a suite of statistical
tools that are used to explain results of experiments
involving multiple measurements on each
experimental unit such that the relationship between
the multivariate metrics and their structure fully
explain the results of the study (Olkin and
Sampson, 2001). Multivariate statistical techniques
include factor analysis which encompasses principal
component analysis, correspondence analysis, and
multiple correspondence analysis as well as cluster
analysis. Principal component analysis (PCA)
groups variables (Kassambara, 2017b), while
cluster analysis groups observations (Kassambara,
2017a). The distinction between these two methods
is important because it gives backing to the goal of
any research. Principal component analysis is a
supervised grouping algorithm that considers the
variables and leaves grouping as it were in its input
while cluster analysis is unsupervised grouping
algorithm that seeks to group observations without
recourse to the input groups. Clustering is a
powerful tool that identifies latent relationships in
data before grouping them. Clustering finds
application in biological science and biotechnology
with attendant use in phylogeny, molecular genetics,
proteomics, and clinical diagnosis (Zhao and
Karypis, 2003).

The current research utilized the multivariate analysis
tools of PCA and cluster analysis to show the
categories and factors (temporal progression in
length) that contribute to the categorization of the
progeny from the crosses. This is a classical attempt
at delineating progeny for further selection into a
breeding program.

MATERIALS AND METHODS
2.1. Broodstock and breeding

Broodstock (6 QC. gariepinus, 6 QH. longifilis, 6 3 C.
gariepinus and 6 JH. longifilis) were obtained from the
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University of Agriculture Makurdi, Department of
Fisheries and Aquaculture Teaching and Research
Farm and kept separately in indoor concrete tanks
designated for males and females. The weights of the
broodstock were recorded Table 1. Mating
combination was carried out to yield, ftriplicate for
each cross in the following order (2x &):

* C. gariepinus x C. gariepinus (Cl x Cl)

* H. longifilis x H. longifilis (Ht x Ht)

* H. longifilis x C. gariepinus (Ht x CI)

* C. gariepinus x H. longifilis (Cl x Ht)

Table 1.Broodstock weight and volume of
hormone (Ovaprim) administered

S/No. Females Males (g)

Cl | VH Ht VH

@ | )| @ | @y | | ™

1 650 | 0.33 | 600 | 0.30 600 530

2 620 | 0.31 | 640 | 0.32 550 525

3 570 | 0.29 | 620 | 0.31 520 590

4 630 | 0.32 | 650 | 0.33 520 530

5 550 | 0.28 | 580 | 0.29 560 580

6 650 | 0.33 | 560 | 0.28 580 550

VH= Volume of Ovaprim administered

Final oocyte maturation and ovulation was achieved
via the administration of a single intramuscular
injection of Ovaprim (0.5 ml kg'). After the
administration of the hormone, male and female fish
were returned to their respective holding tanks to
prevent natural spawning and male aggressiveness.
Average latency period was 12 hours and 15 hours for
C. gariepinus and H. longifilis respectively. After
expiration of the latency period, oocytes were
collected by applying a gentle forward push on the
abdomen in the direction of the caudal fin into a dry
clean plastic bowl. Milt was obtained via surgical
removal of the testes. The testes were cut open using
a sharp surgical blade. Milt was extended in 0.9%
NaCl solution. Ova was fertilized using the wet
fertilization method. The extended milt mixture was
quickly added to the eggs and stirred using a feather.
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Saline solution (0.9% NaCl) was added to the
resulting mixture of egg and extended milt. The
resulting mixture was stirred using a feather for one
minute after which fertilized eggs were incubated in
triplicate batches inside 12 plastic aquaria of 60L
capacity /each.

Upon hatching, fry was removed from the incubation
substrate and the dead eggs washed off before they
were again returned into the plastic tanks this time in
batches of 500 randomly selected fry per tank as
assigned to each cross. These were nursed for two
weeks and fed on decapsulated Artemis for the start
before being weaned to starter feed at day 10. At the
end of two weeks, the surviving fry were again
harvested totally from the tanks and then restocked in
batches of 100 randomly selected fry per tank to set
the stage for measurement of length.

The total lengths of the progenies were taken every
week using a millimeter ruler. The fish were fed ad
libitum twice daily except on sampling days. Larger
fish were sorted out as growth shooters using the
criteria of (Ataguba et al., 2022) where an individual
is removed if its total length became approximately
greater than the sum of the current weeks mean
length and difference between the current weeks
mean length and the preceding week’s mean length.
This can be represented as:

Cr=pp + (up — py)

Where:
CT Shooter cutoff length

M1 Previous week’s mean length
p2 Current Week’s mean length

2.2. Water Quality

Water quality in the holding tanks was monitored for
dissolved oxygen (DO), temperature, alkalinity,
biochemical Oxygen Demand (BOD) and pH. Water
quality parameters such as pH and Dissolved Oxygen
were monitored using Hanna Multiparameter Water
Quality Probe (Model HI-98129). A mercury in glass
thermometer was used to take temperature readings.
The 5-day dark bottle test was used to determine
biochemical Oxygen Demand (BOD) (APHA, 2005).
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Alkalinity was determined using the phenolphthalein
titration method (APHA, 2005).

2.3. Data analysis

Descriptive statistics of spread of length was
determined using Minitab 14®. Length data were
processed for missing values as a result of mortality
using the powerful imputation algorithm of mice
package (Van Buuren and Groothuis-Oudshoorn,
2011) in R v. 3.4.3 (R Core Team, 2017). Principal
component analysis to group the temporal length
values that explain the variation in the size of the
progeny was done using factoextra package in R
(Kassambara and Mundt, 2017) in tandem with the
package cluster (Maechler et al., 2017) which was
also used to group the crosses and find their
relationship as determined by temporal growth in
length. Before carrying out PCA, data was checked for
sample adequacy using the Kaiser-Meyer-Olkin
(KMO) Test as well as for sphericity using the
Bartlett's sphericity test which tests if correlations
between variables is greater than what is expected by
chance. These tests were run using the psych
package in R (Revelle, 2017). The Kaiser-Meyer-
Olkin factor adequacy values were >0.8 which was
well above the 0.5 threshold specified by Zillmer and
Vuz (2013) while the Bartlett's test of sphericity was
all significant (p<0.05) which effectively nullifies the
null hypothesis that all off-diagonal correlations are
zero (Nakazawa, 2011) and therefore data can be
analyzed using PCA. Linear Discriminant Analysis
(LDA) was later performed on the data using Minitab
14® to check the accuracy of classification of progeny
into the various crosses based on their length data as
well as the classification of fish as growth shooters
and non-growth shooters.

RESULTS

3.1 Descriptive

The spread of total length of the all progenies in each
cross Table 2 shows that initial maximum length of the
cross HtxCl was the highest (37mm) while the least
initial maximum length (18mm) was recorded for the
pure line cross of HtxCl. Final total length showed that
the crosses CIxCl and CIxHt had the highest
maximum length (48mm) while HtxCl and HtxHt had
similar final maximum lengths of 45.5mm and 45mm
respectively. The total mortality number was highest in
the cross HtxCl (140 fish) and lowest in CIxCl (78
fish).
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Table 2. Spread of length among all progeny

Variable| Cross | N | N* [Minimum|Median|Maximum

Initial |CI x CI|300] 0 | 10.00 | 17.00 | 28.00

Length [CI x Ht|300| 0 | 11.00 | 19.00 | 29.00

(mm) Ht x CI|300| 0 9.00 | 13.00 | 37.00

Ht x Ht|300| O 8.00 | 12.00 | 18.00

Final |CIxCI| 63|78 | 33.00 | 40.00 | 48.00

Length |CI x Ht| 43 |109] 26.00 | 40.00 | 48.00

(mm) |Ht x CI| 48 [140| 26.00 | 39.50 | 45.50

Ht x Ht| 58 |124| 25.50 | 33.25 | 45.00

*= Final Number of Mortalities

When the growth shooters are excluded from the
lot Table 3, the maximum total length of
progenies of the cross CIxCl and that of HtxCl as
at the first week of sampling were equal (30mm)
while the cross HtxHt had the least maximum
total length (19mm). Maximum values for final
total length among progenies that were devoid of
growth shooters was equal (43mm) for three
crosses: CIxCl, ClxHt and HtxHt while HtxHt had
maximum total length of 42mm.

Table 3. Spread of length among uniform sized fish

Variable |Cross| N |Minimum |Median| Maximum
CIxCl [265| 11.500 |23.000| 30.000
ponoih [CixHt|214] 14.000 [20.000] 28.000
(mm) HtxCl|201| 11.000 |16.000| 30.000
HtxHt|182| 11.000 |15.000| 19.000
CIxCl| 51 | 33.000 |39.000| 43.000
\'ﬂg&hé CIxHt| 34 | 26.000 [39.000] 43.000
(mm) HtxCl| 41 | 26.000 |39.000| 43.000
HtxHt| 49 | 25.500 |32.000| 42.000
At the beginning of sorting of growth shooters
Table 4, maximum total length was 52mm in the
cross HtxCl and least in the cross HtxHt (23mm).
The number of growth shooters was however
more among progeny of the cross ClxHt (21 fish).
The total number of growth shooters at the end of
the experiment was highest in the cross CIxCl
(159 fish) and least in the cross HtxCl (112 fish).
Maximum total length at the end of the trials was
lower than at inception and is effectively the
same as the values for all progeny combined
Table 2. The median values of length among
growth shooters however are greater than the
values for all progeny combined. Final median
value for total length among the growth shooters
was least in progeny from the cross HtxHt
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(37.5mm) and highest for progeny from the cross

CIxHt (45mm).
Table 4. Spread of length among growth shooting
fish
Variable |Cross CumKlIatlve Minimum [Median|Maximum
CIxCl 18 29.00 | 32.00 | 38.50
vaZlgk”} ClxHt| 21 2200 |31.00| 42.00
(mm) HtxCl 20 18.00 | 24.50 | 52.00
HtxHt 14 20.00 | 21.00 | 23.00
CIxCl 159 39.50 |[44.00 | 48.00
Length
ClxHt 148 40.00 | 45.00 | 48.00
Week 8
(mm) HtxCl 112 38.00 |44.00 | 45.50
HtxHt 118 36.00 | 37.50 | 45.00
3.2 Multivariate classification

The total lengths from initial measurement to
week 6 are separated effectively as one factor
that can be used to differentiate the progenies of
the crosses Fig. 1 while total lengths for week 7
and week 8 serve as the second discriminant
factor. Within the first discriminant factor (Dim 1),
total length in week 2 (15.13%) and week 3
(13.57%) contributed more to the factor loading
Fig. 1, Table 5 while the total lengths for week 7
(27.31%) and 8 (51.64%) contributed heavily to
the second discriminant factor (Dim 2).

Table 5. Contribution (%) of variables to first 2
dimensions (Dim) by all samples

Variables Dim.1 Dim.2
Initial 11.02 0.14
Week.1 10.88 8.34
Week.2 15.13 3.57
Week.3 13.57 3.95
Week.4 13.12 0.00
Week.5 13.00 0.02
Week.6 10.17 5.03
Week.7 8.49 27.31
Week.8 4.60 51.64
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Among the progenies that were not growth shooters
Fig. 2, lengths for week 1 through week 5
contributed heavily to the first discriminant factor
(Dim 1) which accounts for 83.5% of the variation in
the total lengths of non-growth shooters observed
throughout the study. Dimension 2 is determined
mainly by total length at week 7 and 8 as well with
22.27% and 40.86% contributions respectively
Table 6.

Table 7. Dimension contributions (%) growth

shooters
Variables Dim.1 Dim.2
Week.1 8.67 46.70
Week.2 14.02 0.35
Week.3 14.16 10.04
Week.4 13.13 15.76
Week.5 15.14 0.78
Week.6 13.51 2.87
Week.7 11.75 0.16
Week.8 9.63 23.35

The variables that define the growth shooting
phenomenon as coalesced into 2 dimensions Fig. 4
indicates that dimension 1 is characterized by total
length between week 2 and week 5 Table 8 while
dimension 2 is explained heavily by total length in
week 7 (23.03%) and week 8 (44.59%).
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Sorted Growth Shooters).
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Table 8. Dimension contributions (%) for discerning
growth shooters

Variables Dim.1 Dim.2
Week.1 12.00 1.05
Week.2 13.85 5.71
Week.3 13.18 12.93
Week.4 13.18 11.24
Week.5 13.49 0.85
Week.6 11.78 0.60
Week.7 11.67 23.03
Week.8 10.86 44.59

3.3 Discriminant analysis

Linear discriminant analysis (LDA) of all progenies
regardless of growth shooting status Table 9 reveals
86% success in classification for CIxCIl, 85% for
ClxHt, 75% for HtxCl and 94% for HtxHt. Overall
there was 85% accuracy in grouping the progeny.

Table 9. Discriminant grouping of progenies of
reciprocal crosses of C. gariepinus and H. longifilis

True Group
Put into Group [CIxCl [CixHt |HtxCl |HtxHt
CIxCl 257 34 1 0
ClxHt 43 255 47 0
HtxCl 0 11 225 18
HtxHt 0 0 27 282
Total N 300 300 300 300
N correct 257 255 225 282
Proportion 0.86 |0.85 0.75 0.94
N Correct Proportion
1200 1019 0.85

When growth shooters are removed from the
population, accuracy at discriminating between
progenies of the crosses reduced Table 10. The
accuracy of prediction for CIxCl declined to 655
while that for the hybrid CIxHt declined even more to
settle at 38%. Detection accuracy for HtxCl fell to
58% and that of HtxHt reduced to 75%. The overall
accurscy of delineating non-growth shooters in each
cross was 59%
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Table 10. Discriminant grouping of non-growth
shooting progeny of reciprocal crosses of C.
gariepinus and H. longifilis

True Group
Put into Group |CIxCl [CixHt HtxCl |HtxHt
CIxCl 172 99 20 0
ClxHt 61 81 27 10
HtxCl 23 5 117 35
HtxHt 9 29 37 137
Total N 265 214 | 201 182
N correct 172 81 117 137
Proportion 065 |0.38 |0.58 |0.75
N Correct Proportion
862 507 0.59

Accuracy at predicting the origin of progeny as
regards the cross, was perfect for growth shooters of
the cross CIxCl (100%) with the maternal C.
gariepinus hybrid cross CIxHt having an accuracy of
86% while accuracy for HtxCl was 75% and that for
HtxHt was 89%. Overall accuracy at predicting
shooters in each cross was 88% Table 11.

Table 11. Discriminant grouping of growth shooting
progeny of reciprocal crosses of C. gariepinus and
H. longifilis

True Group
Put into Group [CIxCl CIxHt HtxCl [HtxHt
CIxClI 28 2 0 0
ClxHt 0 25 4 2
HtxCl 0 0 15 0
HtxHt 0 2 1 16
Total N 28 29 20 18
N correct 28 25 15 16
Proportion 1.00 [0.86 |0.75 0.89
N Correct Proportion
95 84 0.88

Discriminant analysis for shooters revealed that
accurate placement of non-growth shooters
irrespective of cross was 98% as against 74% for
placement of growth shooters Table 12. The
accuracy of placement between both groups was
96%.
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Table 12. Discriminant grouping of growth shooting
progeny of reciprocal crosses of C. gariepinus and
H. longifilis

True Group

Put into Group NGS SGS
on-Growth Shooters (NGS)| 848 25

Sorted Growth Shooters

(SGS) 14 70
Total N 862 95
N correct 848 70

Proportion 0.98 0.74

N Correct  |Proportion
957 918 0.96

The dendrogram of phylogeny of crosses between
C. gariepinus and H. longifilis Fig. 5 shows that the
crosses clustered together along the lines of
maternal descent with HtxHt and HtxCl forming a
superior clade to CIxCl and CIxHt.

ClIxHt

CIxCl

10.0 75 5.0 25 0.0
Height

Fig. 5. Dendrogram depicting the joining of clades of
crosses between C. gariepinus and H. longifilis

The water quality Table 13 was quite within the
tolerable and recommended ranges. The dissolved
oxygen levels were good for tropical freshwater fish
with values 25.0 mg.I"" (280% saturation) (Mallya,
2007) while pH which ranged between 7.98 and 8.12
was within the recommended range of 6.0 — 9.0
(Riffel et al., 2012). Mean total alkalinity was
>20mg.I"" for all the crosses and were as
recommended by Wurts (2002). Biological oxygen
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demand (BOD) is below the 5mg.I'! threshold as
recommended by Das (1997) while temperature was
within the recommended range of 25-32°C (Das,
1997).

Table 13. Water quality parameters during the
growth trials involving progeny of reciprocal crosses
between C. gariepinus and H. longifilis.

DISCUSSION

The initial advantage of progeny of the cross HtxCl
in terms of maximum length indicates the early
growth potential of the hybrid within the culture
facility (Solomon and Taruwa, 2011). The hybrid
HtxCl has been named in several literature as
Heteroclarias, a name derived from the maternal
cum paternal combination of Heterobranchus spp
and C. gariepinus (Anyanwu et al., 2007; Mayor et
al., 2009). The final picture of lengths across the
genetic groups however went in favour of the lines
involving C. gariepinus. The mean growth in weight
of C. gariepinus in groups without sorting has been
shown to exceed that of groups with sorting of
growth shooters (Biu et al., 2015). This clearly
shows that C. gariepinus follows classical asymptotic
growth pattern with a lag phase at initial step and
exponential phase in between before reaching an
asymptote (Mello et al., 2015). The trend of length
among non-growth shooters at the start of sorting
indicates the lack of uniformity in size at the start of
the sorting process. However, with sorting, the final
lengths of fish across all genetic groups coalesced
within 1mm difference indicating the efficiency of the
sorting protocol. A similar trend of non-uniformity in
size at beginning of sorting was also observed
among growth shooters that were identified. At the
end of data collection final length of growth shooters
fell within 3mm difference from the initial 29mm
range.

In the determination of categories of all progenies as
well as non-growth shooters based on temporal
measurements of length, dimension 1 can correctly
be given the nomenclature of archikotic (from the
Greek word archikés meaning initial) growth phase
since the contributions to the dimension comes from
length measurements between weeks 2 and 5 while
dimension 2 can be called telikotic (from the Greek
word telikds meaning final) growth phase
(contributions from weeks 7 to 8). This trend is
consistent with fast growth at fry stage and
subsequent slow growth at juvenile stage and it is
usually accompanied by reduction in condition factor
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(Fonseca and Cabral, 2007). Dimensions for
predicting classes of growth shooters from the
crosses under study indicates that the first
dimension can be named endiametic (from the
Greek word endiamesos meaning intermediate)
growth phase while the second dimension can be
named 'architelic' phase drawing from the Greek
words for beginning (archi) and end (télos) since it is
derived mainly from lengths in weeks 1 and 8. When
all progenies are coalesced, there is the presence of
outliers within the ellipses signifying the data points
for growth shooters as well as growth laggers. The
uniformity and inclusive nature of all data points in
the ellipses for non-growth shooters signifies the
high accuracy of agglomeration of the offspring
based on temporal changes in length. Growth
shooters were well classified according to the
loading of length over the study period. Size
difference can be an advantage in the wild
(Costa-Pereira et al., 2018) but is the foundation of
cannibalism in aquaculture (Baras and Fortuné
dAlmeida, 2001). The disparity in size between the
growth shooters and non-growth shooters is also
accounted for by archikotic and telikotic growth
phases with the archicotic phase weighing heavily
on the distinction.

Identification of individual fish within a collection of
the same species can be daunting since the nature
of fish including their shape and body composition
are designed to evade capture (Zhang et al., 2012).
The classification of fish based on temporal changes
in length was fairly accurate when all fish were
included (growth shooters and non-growth shooters).
This shows that the full blend of population
parameters in this case length (Fréon, 1983) is
important in delineating the members of each cross
within the population. In the non-growth shooter
group, identification of individual along the line of
cross is more difficult because there is some size
uniformity. This is also true in the wild where cohorts
of schooling fish have been observed to get lost
within a school with reduced size variation (Fréon,
1983). So as the class of progeny that are growth
shooters delineated by cross reveal, size
heterogeneity which was present in CIxCl and HtxHt
judging from minimum and maximum values of
length in weeks 1 and 8, can be proposed as the
reason behind accuracy of discrimination among the
growth shooters. When comparing discrimination
between growth shooters and non-growth shooters,
it is clear to see that a greater number of non-growth
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shooters were placed among growth shooters and
this further shows the difficulty in classifying fish of
fairly uniform size.

The agglomerative clustering of the crosses to depict
their phylogeny shows that there was a clustering
along maternal lines. This clearly shows a maternal
influence on growth in length of the progeny
(Hagmayer et al., 2018; Heath et al., 1999).
Maximum final length of the progeny was clearly
divided along maternal lines such that there was
similarity in values. In the chinook salmon, the
maternal effect has been reported to affect offspring
size in early ontogeny but declined with age until it
ceased to exist (Heath et al., 1999). This could also
be the case for these crosses, but the duration of the
current trial did not permit the monitoring of this
effect.

The current research has shown that progeny from
the crosses of C. gariepinus and H. longifilis can be
grouped based on temporal progression in length.
The delineation of the progeny into their respective
crosses can be done using length information to a
fair degree of accuracy. However, the ability to
differentiate progeny according to the cross they
came from declines with uniformity in size. The
length of progeny as used to describe their growth
have been given new nomenclature as archikotic
growth phase (early growth), telikotic growth phase
(late growth), endiametic (intermediate growth phase
and architelic (initio-final) growth phase.

Conflict of interest

The authors have no conflicts of interest to declare.

Funding sources

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-
for-profit sectors.

Acknowledgements

The authors acknowledge the effort of Late Prof.
Friday Garba Ogbe in the initial drafting and proof
reading of this manuscript whose shape was far from
this finished product. May his soul rest in perfect
peace.

REFERENCES

Adene, I. C.; Adedeji, O. A. and Bakry, H. O. (2017).
Intraspecific Hybridization of Clarias anguilaris
and Exotic Hollandis Clarias gariepinus.
International Journal of Sciences, 6(08): 15-20.



Ataguba et al., (2022)

Anyanwu, D. C.; Udedibie, A. B. I.; Osuigwe, D. I.
and Esonu, B. O. (2007). Growth And Nutrient
Utilization Of Heteroclarias (H. bidorsalis x C.
gariepinus) Fed Dietary Levels Of Carica Papaya
Leaf Meal. Journal of Agriculture, Forestry and
the Social Sciences, 5(2): 101-110.

APHA (2005). Standard Methods for the Examination
of Water and Wastewater (21 ed.). American
Public Health Association.

Ataguba, G. A.; Annune, P. and Ogbe, F. G. (2022).
Size Differentiation of Fingerlings of Two African
Catfishes: Clarias gariepinus and
Heterobranchus longifilis and Their Cross
Breeds. Indiana Journal of Agriculture and Life
Sciences, 2(4): 1-7.

Ataguba, G. A.; Annune, P. A. and Ogbe, F. G.
(2010). Growth performance of two African
catfishes Clarias gariepinus and Heterobranchus
longifilis and their reciprocal hybrids in plastic
aquaria. Livestock Research  for  rural
development, 22, Avrticle #30.
http://www.Irrd.org/Irrd22/2/atag22030.htm

Bakos, J. and Gorda, S. (1995). Genetic improvement
of common carp strains using intraspecific
hybridization. Aquaculture, 129(1-4): 183-186.

Baras, E. and Fortuné dAlmeida, A. (2001). Size
heterogeneity prevails over kinship in shaping
cannibalism among larvae of sharptooth catfish
Clarias gariepinus. Aquatic Living Resources,
14(4): 251-256.

Bartley, D. M.; Rana, K. and Immink, A. J. (2000).
The use of inter-specific hybrids in aquaculture
and fisheries. Reviews in Fish Biology and
Fisheries, 10(3): 325-337.
https://doi.org/10.1023/A:1016691725361

Benavides, F. J. and Guénet, J. L. (2012). Mouse
genomics. The laboratory mouse. 2nd ed.
London: Elservier.

Biu, A. A.; Mohammed, G. A.; Yachilla, B.-K. M.;
Modu, B. M.; Wakil, U. B.; Mai, A. M,;
Benisheikh, A. A. G. and Adarju, M. B. (2015).
Effects of sorting on cannibalism in Catfish
(Clarias gariepinus) rose in concrete tanks in
maiduguri, North-Eastern Nigeria. Animal and
Veterinary Sciences, 3(2): 67-73.

Bondoc, O. L. (2008). Animal Breeding: Principles and
Practice in the Philippine Context. The University
of the Philippines Press.

Costa-Pereira, R.; Correa, S. B. and Galetti, M.
(2018). Fishing-down within populations harms
seed dispersal mutualism. Biotropica, 50(2): 319-
325.

Danzmann, R. G.; Ferguson, M. M. and Allendorf, F.
W. (1988). Heterozygosity and components of
fitness in a strain of rainbow trout. Biological
Journal of the Linnean Society, 33(3): 285-304.

32

Das, B. (1997). Fisheries and Fisheries Resources
Management. Bangla  Academy, Dhaka,
Bangladesh.

De Verdal, H.; Rosario, W.; Vandeputte, M.;
Muyalde, N.; Morissens, P.; Baroiller, J.-F. and
Chevassus, B. (2014). Response to selection for
growth in an interspecific hybrid between
Oreochromis mossambicus and O. niloticus in
two distinct environments. Aquaculture,
430(Supplement C): 159-165.
https://doi.org/https://doi.org/10.1016/j.aquacultur
€.2014.03.051 .

Desprez, D.; Briand, C.; Hoareau, M. C.; Mélard, C.;
Bosc, P. and Baroiller, J. F. (2006). Study of
sex ratio in progeny of a complex Oreochromis
hybrid, the Florida red tilapia. Aquaculture, 251(2-
4): 231-237.

Fréon, P. (1983). Body length variability in fish schools
and cohorts; application to fisheries biology in
tropical waters. FAO Fisheries Report N°291.
Rome, 1005-1009.

Hagmayer, A.; Furness, A. l.; Reznick, D. N. and
Pollux, B. J. A. (2018). Maternal size and body
condition predict the amount of post-fertilization
maternal provisioning in matrotrophic fish.
Ecology and evolution, 8(24): 12386-12396.

Heath, D. D.; Fox, C. W. and Heath, J. W. (1999).
Maternal effects on offspring size: variation
through early development of chinook salmon.
Evolution, 53(5): 1605-1611.

Jankowska, B.; Zakes, Z.; Zmijewski, T.;
Szczepkowski, M. and Kowalska, A. (2007).
Slaughter yield, proximate composition, and flesh
colour of cultivated and wild perch (Perca
fluviatilis L.). Czech Journal of Animal Science,
52(8): 260.

Kassambara, A. (2017a). Practical guide to principal
component methods in R: PCA, M (CA), FAMD,
MFA, HCPC, factoextra (Vol. 2). STHDA.

Kassambara, A. (2017b). Practical guide to cluster
analysis in R: Unsupervised machine learning
(Vol. 1). STHDA.

Kassambara, A. and Mundt, F. (2017). Factoextra:
Extract and visualize the results of multivariate
data analyses. R. Package Version, 1(5).

Kelly, A. M. and Kohler, C. C. (1999). Cold tolerance
and fatty acid composition of striped bass, white
bass, and their hybrids. North American Journal
of Aquaculture, 61(4): 278-285.

Maechler, M.; Rousseeuw, P.; Struyf, A.; Hubert, M.
and Hornik, K. (2017). cluster: Cluster Analysis
Basics and Extensions. In CRAN Library.
https://CRAN.R-project.org/package=cluster

Mallya, Y. J. (2007). The effects of dissolved oxygen
on fish growth in aquaculture. The United Nations
University Fisheries Training Programme, Final
Project.



http://www.lrrd.org/lrrd22/2/atag22030.htm
https://doi.org/10.1023/A:1016691725361
https://doi.org/https:/doi.org/10.1016/j.aquaculture.2014.03.051
https://doi.org/https:/doi.org/10.1016/j.aquaculture.2014.03.051
https://cran.r-project.org/package=cluster

Aqu. Sci. & Fish Res. 3 (2022) 21-33

Marjanovic, J.; Mulder, H. A.; Khaw, H. L. and
Bijma, P. (2016). Genetic parameters for
uniformity of harvest weight and body size traits
in the GIFT strain of Nile tilapia. Genetics
Selection Evolution, 48(1): 1-10.

Mayor, E. D.; Meye, J. A.; Nwabueze, E. O. and
Omoruwou, P. E. (2009). Comparative study on
the growth performance of the hybrid catfish
Heteroclarias clariidae reared in concrete and
earthen ponds. Zoologist (The), 7(1): 35-42.

Mello, F. d.; Oliveira, C. A. L.; Ribeiro, R. P
Resende, E. K.; Povh, J. A.; Fornari, D. C.;
Barreto, R. V.; McManus, C. and Streit Jr, D.
(2015). Growth curve by Gompertz nonlinear
regression model in female and males in
tambaqui (Colossoma macropomum). Anais da
Academia Brasileira de Ciéncias, 87: 2309-2315.

Nakazawa, M. (2011). R practice: Factor analysis.
https://minato.sip21c.org/swtips/factor-in-R.pdf

Ndimele, P. E.; Owodeinde, F. G.; Kumolu-Johnson,
C. A, Jimoh, A. A.; Whenu, O. O. and
Onyenania, O. B. (2011). Growth performance of
the reciprocal hybrids of Clarias gariepinus
(Burchell, 1822) and Heterobranchus bidorsalis
(Valenciennes, 1840). Current Research Journal
of Biological Sciences, 3(1): 137-140.

Oben, P. M.; Oben, B. O.; Akoachere, R. and
Joseph, E. (2015). Induced spawning, survival
and growth of an African catfish hybrid (female
Clarias gariepinus and male Clarias anguillaris)
fingerlings relative to their parental species in the
mount Cameroon region. Tropical Freshwater
Biology, 24: 63-88.

Okomoda, T. V.; Koh, I. C. C.; Hassan, A.;
Amornsakun, T. and Shahreza, S. M. (2018).
Morphological characterization of the progenies
of pure and reciprocal crosses of Pangasianodon
hypophthalmus (Sauvage, 1878) and Clarias
gariepinus (Burchell, 1822). Scientific Reports,
8(1): 1-13.

Olkin, I. and Sampson, A. R. (2001). Multivariate
Analysis: Overview. In International Encyclopedia
of the Social and Behavioral Sciences, Smelser
N.J. and Baltes P.B. (Eds.), Pergamon, pp.
10240-10247. https://doi.org/10.1016/B0-08-
043076-7/00472-1

R Core Team (2017). R: A language and environment
for statistical computing. In (Version R-3.4.3) R
Foundation for Statistical Computing.
https://www.R-project.org/

Revelle, W. (2017). psych: Procedures for Personality
and Psychological Research. In (Version 1.7.8)
Northwestern University, Evanston, lllinois, USA.
https://CRAN.R-project.org/package=psych

33

Riffel, A. P. K.; Jardim, S.; Pires, M. C.; Bertagnolli,
B.; Corréa, B.R. S.; Ré, F. C. d.; Zambra, F. M.
B.; Lubini, G.; Garcia, L. O. and Baldisserotto,
B. (2012). Preferred pH of silver catfish Rhamdia
quelen acclimated to different pH levels. Ciéncia
Rural, 42: 834-836.

Smitherman, R. O.; Dunham, R. A. and Whitehead,
P. K. (1996). Selection, hybridization and
genome manipulation in Siluroidei. Aquatic Living
Resources, 9(S1): 93-102.

Solomon, R. J. and Taruwa, S. M. (2011). The growth
comparison of two catfishes (C. Gariepinus and
Heteroclarias). Nature and Science, 9(8): 138-
148.

Van Buuren, S. and Groothuis-Oudshoorn, K.
(2011). mice: Multivariate Imputation by Chained
Equations in R. Journal of Statistical Software,
45(3): 1-67. https://doi.org/10.18637/jss.v045.i103

Wolters, W. R.; Wise, D. J. and Klesius, P. H. (1996).
Survival and antibody response of channel
catfish, blue catfish, and channel catfish femalex
blue catfish male hybrids after exposure to
Edwardsiella ictaluri. Journal of Aquatic Animal
Health, 8(3): 249-254.

Wurts, W. A. (2002). Alkalinity and hardness in
production ponds. World Aquaculture-Baton
Rouge-, 33(1): 16-17.

Yoshikawa, H.; Xu, D.; Ino, Y.;Yoshino, T.;
Hayashida, T.; Wang, J.; Yazawa, R
Yoshizaki, G. and Takeuchi, Y. (2018). Hybrid
sterility in fish caused by mitotic arrest of
primordial germ cells. Genetics, 209(2): 507-521.

Zhang, C.; Ye, L.; Chen, Y.; Xiao, J.; Wu, Y.; Tao,
M.; Xiao, Y. and Liu, S. (2015). The
chromosomal constitution of fish hybrid lineage
revealed by 5S rDNA FISH. BMC Genetics,
16(1): 1-8.

Zhang, Q.; Xu, F.; Liu, Y. and Zhang, C. (2012).
Discriminant classification of different fish-species
backscattering. American Institute of Physics
(AIP) Conference Proceedings 1495: 568.

Zhao, Y. and Karypis, G. (2003). Clustering in life
sciences. In Functional Genomics Springer.pp.
183-218.

Zillmer, E. and Vuz, J. K. (2013). Factor Analysis with
Rorschach Data. In Issues and Methods in
Rorschach  Research, Exner, J.E. (Ed.),
Routledge pp. 251-306.



https://minato.sip21c.org/swtips/factor-in-R.pdf
https://doi.org/10.1016/B0-08-043076-7/00472-1
https://doi.org/10.1016/B0-08-043076-7/00472-1
https://www.r-project.org/
https://cran.r-project.org/package=psych
https://doi.org/10.18637/jss.v045.i03

