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Abstract. This study was designed to evaluate morphological
differences between cultured and wild African catfish, Clarias
gariepinus (Burchell). Fish samples were collected from the
lower Benue River (axis in Makurdi), while cultured fish were
obtained from the University of Agriculture Makurdi research
farm. The results revealed significant sex-related variation in
the fish from different environments. Significant differences
were observed in all morphometric parameters measured and
in three of the five meristic counts recorded. Discriminant
analysis and cluster analysis of morphometric parameters
showed a high divergence among the populations, hence the
tested fish samples were grouped into respective environments
by sex. The meristic count, however, overlapped broadly
showing no divergence among the populations. The
morphometric differences between the cultured and wild
African catfish could have been linked to genetic differences or
environmental factors or a combination of both factors.
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Introduction
Morphometric and meristic morphological characters
are used widely to identify fish stocks (Turan et al.
2004), and they remain the simplest, most direct
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methods of species identification. From previous studies (Creech 1992, Mamuris et al. 1998, Bronte et al.
1999, Hockaday et al. 2000), it is understood that the
analysis of phenotypic variation in morphometric or
meristic characters is the most commonly used
method to delineate stocks of fish. It has often been
used in discrimination and classification studies by
statistical techniques (Agnew 1988, Avsar 1994). Despite the advent of techniques which directly examine
biochemical or molecular genetic variation, these conventional methods continue to play an important role
in stock identification even today (Swain and Foote
1999). Differences in the morphometric and meristic
characters of a species from different regions can result from differences in genotypes, environmental factors operating on one genotype, or both of these acting
together (Parish and Sharman 1958). While both
morphometric and meristic characters respond to
changes in environmental factors, their responses are
different in some situations and can differ from species to species. The study of differences and variability
in morphometric and meristic characters of fish stocks
is important in phylogenetics and in providing information for subsequent studies on the genetic improvement of stocks.
The African catfish, Clarias gariepinus
(Burchell), is a species of great economic importance
as it is the most cultured catfish in Africa and the
third most cultured catfish species in the world (
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Garibaldi 1996). At present, African catfish, especially C. gariepinus, are cultured in at least twelve African countries, and the most important producers
are Mali, Nigeria, Ethiopia, and Ghana (Mathiesen
2012, Hecht 2013). It is also cultured in Asia (Thailand, Philippines, China, Israel, Malaysia, and Indonesia), in some parts of Europe (the Netherlands, the
Czech Republic, Germany, Belgium, and Poland),
and in Latin America, catfish is mainly produced in
Brazil (Hecht et al. 1996).
According to Turan et al. (2006), decades of introduction and domestication of a fish species (especially those from the wild) leads to high adaptation to
a wide range of geographical locations, which leads
to phenotypic variations with respect to the pure
stock (strains) of the brood stock. This is probably because of the effects of the environment or hybrids
evolving through extensive inbreeding (El-Serafy et
al. 2007). Although the comparisons of the morphology between reared and wild salmon stocks have already been conducted by a number of authors (Swain
et al. 1991, von Cramon-Taubadel et al. 2005, Solem
et al. 2006), there is a lack of information on the level
of this variation for most tropical fish species. Difference among cultured and wild Clarias gariepinus
stocks based on morphological characters have not
yet been studied, and to our knowledge, this is the
first such study focused on examining the extent of
morphological variations of African catfish in cultured and wild environments.

Materials and methods
Study area
This experiment was carried out in the University of
Agriculture, Makurdi (UAM) fishery research farm
(Benue State, Nigeria). Makurdi is a town located at
a latitude of 7°46’ N and a longitude of 8°29’ E.
Makurdi has two main seasons, the dry season which
starts in October and ends in April, and the wet season which lasts from May until October. The average
annual rain fall ranges from 1000 to 15000 mm.

Experimental fish and data collection
Seventy mature C. gariepinus were collected from the
wild (lower Benue River) and a cultured environment
(UAM Fisheries research farm) using traps, gill nets,
and cast nets. Meristic counts (numbers) and
morphometric measurements (mm) were performed
as described by Teugels (1986).
The Fulton condition coefficient was calculated
with the following formula:
K = 100 × (body weight (g) × standard length-3 (cm))

Statistical analysis
To ensure that variations in this study were only attributed to body shape differences, and not to the relative sizes of the fish, size effects from the data set
were eliminated by standardizing the morphometric
parameters using the allometric formula by Elliott et
al. (1995):
Madj = M × (Ls × Lo-1)b;
where M is the original measurement, Madj is the
size-adjusted measurement, Lo is the TL of the fish,
and Ls is the overall mean of the TL for all fish from
all samples. Parameter b was estimated for each
character from the observed data as the slope of the
regression of log M on log Lo using all the fish in all
the groups. However, it has been established that
meristic characters are independent of fish size,
hence, they should not change during growth
(Strauss 1985). Therefore, the raw data were analyzed without the transformation described above.
Statistical analyses in the present study included descriptive statistics using Minitab 14 as well as
univariate analysis of variance using Genstat® Discovery Edition 4. Where significant differences occurred, Duncan’s least significant difference test was
used to separate the mean values of morphometric
and meristic parameters. Morphometric and meristic
data were subjected to discriminant function analysis
(DFA) using Genstat® Discovery Edition 4. Minitab
14 software was used to generate two dendrograms
with complete linkage and Euclidean distances for
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morphometric and meristic counts using means of
samples collected from each environment per sex selected.

Results
The morphometric and meristic parameters of cultured and wild C. gariepinus are presented in Table 1. The results reveal that there is a possible sex
related difference in cultured and wild C. gariepinus.
Cultured males had the highest value of 13 of the parameters measured, wild males and females where
also observed to be higher in five of the parameters
measured, while cultured females were only observed to be higher in two parameters. Dorsal fin and
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caudal fin rays did not show statistically significant
differences between cultured and wild stocks in either sexes (P > 0.05). Tables 2 and 3 show the relationship between various morphometric parameters
and meristic counts of wild and cultured C.
gariepinus, respectively. The results reveal that the
size effect was completely eliminated in the species
during analysis as there were no significant correlations between TL and SL with the other parameters
measured. Relationships of the morphometric analysis among African catfish of different sexes of cultured and wild origin where considered according to
the 1st and 2nd discriminant function (DF). The 1st
DF accounted for 59% and the 2nd DF accounted for
31% of among-group variability, and together they
explained 90% of total among-group variability.

Table 1
Mean (± SD) morphometric and meristic characteristic measurements of cultured and wild C. gariepinus

Morphometric parameters
Anal fin length
Dorsal fin length as % of standard length
Head length
Body height
Standard length
Total length
Pectoral spine length
Eye diameter
Pre anal distance
Pre pelvic distance
Distance between the occipital process and dorsal fin
Dorsal fin depth
Caudal peduncle
Pelvic length
Weight
Pre dorsal distance
Condition factor (K)
Meristic count
Dorsal fin ray
Anal fin ray
Caudal fin ray
Pectoral fin ray
Pelvic fin ray

Cultured
female

Cultured
male

Wild female

Wild male

P

15.58 ± 0.26c
23.21±0.29b
10.39±0.15b
5.25±0.11b
36.80±0.76c
42.05±0.63c
3.16±0.08b
0.59±0.02c
19.24±0.33b
16.50±0.38b
2.00±0.06b
2.40±0.09c
2.95±0.06c
2.49±0.09c
525.00±20.06b
12.54±0.24b
0.702±0.01ab

19.17±0.5a
26.64 ± 0.29a
11.16 ± 0.15a
5.74 ± 0.12a
41.96 ± 0.41a
47.25 ± 0.46a
3.34 ± 0.06b
0.62 ± 0.01b
21.52 ± 0.24a
18.65 ± 0.16a
2.15 ± 0.02b
2.89 ± 0.08a
3.68 ± 0.09a
2.59 ± 0.10c
680.0 ± 23.3a
13.68 ± 0.13a
0.65 ± 0.019b

15.17±0.49c
23.36±0.65b
9.08±0.33c
5.65±0.23a
34.23±1.1d
38.13±1.13d
2.50±0.16c
0.59±0.02c
18.50±0.73c
16.61±0.56b
2.34±0.1a
2.61±0.05b
2.75±0.17c
3.11±0.13b
438.00±26.5c
11.48±0.25c
0.809±0.057a

17.87±0.17b
23.36 ± 0.24b
9.17 ± 0.22c
4.94 ± 0.12b
38.62 ± 0.19b
43.29 ± 0.26b
3.91 ± 0.16a
0.70 ± 0.00a
19.15 ± 0.42b
17.12 ± 0.34b
2.45 ± 0.06a
2.50 ± 0.06bc
3.27 ± 0.09b
3.43 ± 0.09a
364.00 ± 22.4d
10.96 ± 0.15d
0.45 ± 0.03c

0.001
0.001
0.001
0.001
0.001
0.032
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

68.40 ± 1.07
51.70 ± 0.59c
17.90±0.29
8.50±0.29b
5.30±0.15ab

67.75±1.04
52.65±0.51b
18.25 ± 0.32
8.7 ± 0.15b
5.55 ± 0.14a

67.80±1.61
54.07±0.59a
18.40±0.34
7.80±0.51a
5.73±0.42a

65.27± 0.83
50.47±0.29d
18.16 ± 0.18
8.53 ± 0.13a
4.83 ± 0.08b

0.271
0.001
0.674
0.001
0.041

Means in the same column with different superscripts differ significantly (P<0.05)
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Table 2
Pearson’s correlation coefficients between the twenty one morphometric and meristic parameters of wild C. gariepinus. DFR=Dorsal fin Ray, AFR=Anal fin ray, AFL=Anal fin
length, DFL%=Dorsal fin length %, HL=Head length, BDA=Body depth at anus, SL=Standard length, TL=Total length, CFR= Caudal fin ray, PFR=Pectoral fin ray,
PSL=Pectoral spine length, ED=Eye diameter, PAD= Pre anal distance, PPD=Pre pelvic distance, DBO=Distance btw occipital, DFD= Dorsal fin depth, CP=caudal peduncle,
W=Weight, PDD=Pre dorsal distance, PFR=Pelvic fin ray, PL=Pelvic length, K = Condition factor. **P < 0.01, *P < 0.05
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Table 3
Pearson’s correlation coefficients between the twenty one morphometric and meristic parameters of cultured C. gariepinus. DFR=Dorsal fin Ray, AFR=Anal fin ray, AFL=Anal
fin length, DFL%=Dorsal fin length %, HL=Head length, BDA=Body depth at anus, SL=Standard length, TL=Total length, CFR= Caudal fin ray, PFR=Pectoral fin ray,
PSL=Pectoral spine length, ED=Eye diameter, PAD= Pre anal distance, PPD=Pre pelvic distance, DBO=Distance btw occipital, DFD= Dorsal fin depth, CP=caudal peduncle,
W=Weight, PDD=Pre dorsal distance, PFR=Pelvic fin ray, PL=Pelvic length, K = Condition factor. **P < 0.01, *P < 0.05
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Figure 1. Sample centroids of the discriminant function scores
based on morphometric and meristic measurements of wild and
cultured C. gariepinus.

According to the canonical discriminant function coefficients obtained for the morphometric data, the
most influential variables for 1st DF were HL, BDA,
and ED. Plots of canonical discriminant functions 1
of the morphometric measurements (Fig. 1) clearly
showed a complete separation between the wild and
cultured populations of African catfish. The two
sexes were well separated and absolutely differentiated along the first function for wild, but there was
noticeable sex overlap for cultured. Considering the
2nd DF, the cultured fish displayed intermediate

characteristics between the sexes of the wild stock
with cultured males overlapping broadly with wild
males, while cultured females overlapped slightly
with wild females. However, while culture male and
female stocks slightly overlapped with each other,
their wild counterparts clearly differentiated from
one another. On the other hand, the dendrogram of
complete linkage and euclidean distance showed
clusters between sexes of cultured African catfish at
50.89 and wild African catfish at 76.47 (Fig. 2). For
the meristic count, the 1st DF accounted for 86% and
the 2nd DF accounted for 10% of among-group variability for the morphometric parameters measured,
and together they explained 96% of the total
among-group variability. According to the canonical
discriminant function coefficients obtained for the
meristic data, the most influential variables for the 1st
DF were DFR, AFR, PFR, and CFR. Plots of canonical
DF 1 and 2 of the meristic measurements (Fig. 3)
showed a broad overlap between the wild and cultured broodstocks of African catfish of different
sexes, but with indications (1st DF) of intermediate
relationships of cultured African catfish (both sexes)
with male and female wild counterparts. This is further buttressed by the dendrogram for meristic parameters with the cluster between the sexes of
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Figure 2. Dendrogram with complete linkage and euclidean distance for morphometric parameters of wild and cultured C.
gariepinus.

Figure 3. Sample centroids of the discriminant function scores
based on meristic measurements of wild and cultured C.
gariepinus.
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Figure 4. Dendrogram with complete linkage and euclidean distance for meristic count of wild and cultured C. gariepinus.

cultured African catfish at 72.68 and also the cluster
with the wild female African catfish at 42.34 (Fig. 4).

Discussion
Fish is most susceptible to environmentally induced
morphological variations; hence, they demonstrate
greater variances within and between populations
than do any other vertebrate (Allendorf et al. 1987,
Wimberger 1992). This study reveals the phenotypic
plasticity of African catfish to be high within sexes
and for different culture environments. This contradicts the report by Turan et al. (2005) of negligible
sex variation in C. gariepinus from six wild populations in Turkey. Patiyal et al. (2014) also reported
that sex related variation does not exist in wild and
captive stocks of endangered Putitor mahseer, Tor
putitora (Hamilton). This study recorded significant
differences in all morphometric parameters and in
three of five meristic counts. Stearns (1983) reports
that fish adapt quickly by modifying their physiology
and behavior to environmental changes hence changing their morphology. It may be ideal to infer that the
fish stock examined in this study had made morphological modifications to better adapt to their present
environmental conditions. The high value of the
weight of the cultured stock recorded in this study
can be linked to artificial feeding provided while the
high condition factor of female fish was likely due to
the gonad condition of the female (gravid). Allendorf
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and Phelps (1988), Swain et al. (1991), and
Wimberger (1992) highlight environmental conditions such as food abundance and temperature as
causes
of
fish
morphological
plasticity.
Morphometric differences among stocks have also
been linked to differences in geographical and ancestral origins by Hossain et al. (2010). However, breeding over several years may have diluted the initial
gene pool of the domesticated fish leading to genetic
variation (translated to morphological differences).
This is why genetic studies are required to establish
these facts. Turan et al. (2004) reports similar findings for Liza abu (Heckel) populations from the
Orontes, Euphrates, and Tigris rivers in Turkey. They
concluded that decades of introduction and domestication of L. abu has lead to high adaptation to a wide
range of geographical locations that are shown in
phenotypic variations with respect to the pure
strains. El-Serafy et al. (2007) reports that hybridization through extensive inbreeding is a possible
course of morphological variation. It is an established
fact that most cultured African fish species have been
genetically polluted (Olufeagba et al. 2002), hence,
this could have lead to the remarkable phenotypic
changes in this study.
The variations observed in correlation coefficients of the morphometric and meristic data for wild
and cultured catfish could be linked strongly to feeding pattern, morphometric placidity, environmental
stressors, and genetic variability (as explained earlier). Studies on the morphometric and meristic relationships of fishes are very few, but there is sufficient
evidence to prove that this likely varies among different species and culture environments. The results of
the present study reveal low or no variability in
meristic counts compared to morphometric characters (Figs. 1 and 2). It is clear that meristic counts
overlapped so widely among the sexes from the different culture environments so that the populations
could not be discriminated by sex or by culture environment. In contrast, analyses of morphometric characters revealed abundant variation among
populations. Discriminant analyses showed obvious
morphological differences between the fish collected
from the wild and, obtained from culture. The fish
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clustered into four distinct groups. Vidalis et al.
(1994) argued that meristic characters can follow
a predetermined variability at a very narrow range,
because divergence of meristic counts from a standard range could be fatal. Misra and Carscadden
(1987) stated that several authors considered
meristic characters less useful when comparing morphological variations. Morphometrics of the head
and body depth have been regarded as the most important characters for discrimination of angler fish,
Lophius vomerinus Val., Pacific herring Clupea
pallasi Val., and Orange roughy, Hoplostethus
atlanticus Collett (Leslie and Grant 1990, Schweigert
1990, Haddon and Willis 1995), while Turan et al.
(2005) revealed that morphometric differentiation
among samples from Turkish waters was largely located in the head of C. gariepinus. Nevertheless, fish
generally demonstrate greater variance in morphological traits both within the same species, different
species, and between populations than do any other
vertebrate. This largely reflects differences in feeding
environments, prey types, food availability, and other
features (Dunham et al. 1979, Allendorf 1988,
Thompson 1991, Wimberger 1992). More research,
especially genetic studies, are needed to better understand the effect environment can have on the
morphometric parameters of wild and cultured African catfish.
Author contibutions. S.G.S. conceived and designed
research experiments, V.T.O. analyzed the data and
wrote the paper, A.I.O performed research.
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