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Abstract

Phenotypic Variability of Sampled Clarias gariepinus (Burchell, 1822) Population were assessed. 30 matured samples
of Clarias gariepinus of different sizes were bought from artisanal fisherfolks using various fishing gears, morphometric
and meristic attributes and other adaptive traits were characterized. Phenotypic heterogeneity (Coefficient of
Variability > 10%) and multiple modes in Meristic and morphometric Values were assessed to imply plasticity and
taxonomic complications respectively. Twenty morphometric and nine meristic attributes were measured in all the
collected individuals and measured to the nearest 0.01cm, using Vernier calipers. The mean value of meristic attributes
varied from 6.20+0.93 in PELFR-R to 71.40+5.64 in DFR. Coefficient of variability of the population varied from 7.89 in
DFR to 54.02 in PESES-L. Heterogeneity occurred in 77.8% of meristic attributes except DFR and CFR. Multiple modal
was recorded in PESES-L, while the mean value of the morphometric attributes varied from 5.20+0.82 in OPD to
64.52+5.00 in DFL. Coefficient of variability of the population varied from 7.76 in DFL to 18.07 in CFW. Heterogeneity
occurred in 82.4% of morphometric attributes. Five components accounted for 78.65% of the total variation using
Principal Component Analysis on morphometric attributes. Two of the extracted components had CV > 10 (41.70%, and
15.02%). However, the scree plot shows the slope of the variation to favors the five component with Eigenvalue greater
than one. The studied C. gariepinus population was characterized by heterogeneity of phenotypic values and the
population can be taxonomically discriminated by meristic and morpho types.
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1. Introduction

Clarias gariepinus is a freshwater catfish characterized by their ability to make use of atmospheric air and remain on
the land for several hundred meters with the help of their pectoral spines [1]. They are exposed to many physical and
chemical changes, ranging from human activities, temperature, and salinity changes through threatened ecosystems.
Catfishes are the most diverse in the tropical South American, Africa and Asia. Owing to the fact that these organisms
are restricted to the bottom of the water by lying on the mud which forms substantial part of their diet, they are
commonly referred to as mud fishes [2]. Catfishes are frequently exploited by fishermen and produced in farms.
Essential source of proteins from animal origin, they have gained a major economic importance [3]. Catfish is a choice
food species in Nigeria. They command high demand from Aquaculturists. [4] reported that C. gariepinus has high
growth rate at high stocking densities most especially, under culture condition, high fecundity rate, resistance to
diseases, ability to tolerate a wide range of environmental extremes.
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The study of differences and variability in morphometric and meristic characters of fish stocks are important in
phylogenetics and this also helps in providing information for subsequent studies on the genetic improvement of stocks.
Morphometric and meristic characters in fish species have been commonly used to identify fish stocks [5] and as such,
these characters remain the simplest and most direct way among methods of species identification. According to the
reported work of [6], analysis of phenotypic differences in morphometric characters or meristic counts is the method
most commonly used to delineate stocks of fish. According to [7] this is often being used in discrimination and
classification studies by statistical techniques but despite the advent of techniques which directly considers the
biochemical or molecular genetic variation, these conventional methods still play vital functions in stock identification
even to date [8].

Traditional methods for morphological identification are based on principal component analysis and discriminant
function analysis of linear measurements [9]. Discriminant function analysis of morphological data can be used to
separate two or more groups of fish individuals into multivariate spaces. However, many authors have elucidated the
fact that the result from the traditional morphological measurement is sometimes contradictory and ambiguous [10].
Geometric morphometric on the other hand is a landmark-based technique and considered the most rigorous
morphometric technique ever [11]. It is capable of processing morphometric data from digital images with landmark
points quickly and with high precision [12]. The integration of geometric morphometric data with other analytic tools
such as biochemical, geographical, molecular and morphological parameters could better describe phylogenetic
relationships among fishes and shed light to many ambiguous taxonomic ranks [13].

Levels of phenotypic variation can influence rates of evolution and bias evolutionary trajectories [14]. Among
vertebrates, phenotypic plasticity is considered to be greatest in fish, which have relatively higher within-population
coefficients of variation of phenotypes. Studies on phenotypic variability would show trends of adaptation and
divergence. This morphological divergence can sometimes be large enough, that even small population shows presence
of canonical taxonomic groups.

Therefore, for improved management, morphological variation and discriminate factors for morphological divergence
within the C. gariepinus population, in response to the environment the Benue River and it tributary were studied.

2. Material and methods

2.1. Sampled Site

The sample were collected from River Benue and Donga, River Benue which lies between latitude 8210'58.3"N and
longitude 9244'42.32"E in DMS (Degrees Minutes Seconds) or 8.18122 and 9.74431 (in decimal degrees) while Donga
River which lies between latitude 7°43'00"N and longitude 10°03’00”E. It has an area of 3,121 km? The River exists
year round, the water volume fluctuates with seasons. The river overflows its bank during the rainy season (May-
October) but decreases drastically in volume leaving tiny island in the middle of the River during the dry season
(November-April) figure 1. The river contains several species of fish which are of economic importance to the people of
Taraba State and Nigeria at large.

2.2. Sample Collection Procedure

Specimens of C. gariepinus were collected from artisanal fishermen at landing sites during a year bimonthly sampling
covering wet and dry seasons. Collections were carried out with caution, in order to protect mix-up of catches from
sources outside the catchment. Collected fish samples were preliminarily identified at the landing site using taxonomic
keys [15] and transported to kazuh integrated farm Gindin waya wukari, Taraba state Nigeria.
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Figure 1 Map showing locations of sampling site and Rivers

2.3. Data collection for determination of phenotypic values

Twenty morphometric and nine meristic attributes were characterized. Data were collected from 30 individuals, being
the entire population size after samples were screened. Measurements were taken from the left and right sides of paired
fins of each fish sample. Morphometric measurements were taken in all the collected individuals and measured to the
nearest 0.01cm, using Vernier calipers. All length (morphometric) measurements were taken between identical points
along the anterior to the posterior axis of the fish, whereas body depths were taken perpendicularly between the
identified points taken at the base of the 1st dorsal ray and at caudal peduncle (BD MAX and BDMIN, respectively).
However, caudal fin width (CFW) was taken as the point of greatest perpendicular length from dorsal position of caudal
fin to its ventral position. The 20 morphometric traits were measured. Landmarks showing the measured traits are

presented in Figure 2.
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Figure 2 Landmarks showing the measured traits

The measured morphometric traits were Total length (TL), Standard length (SL), Head length (HL), Maximum body
depth (BD-MAX), Minimum body depth (BD-MIN), Pectoral fin length of left side fin (PECFL-L), Pectoral fin length of
right side fin (PECFL-R), Pectoral spine length of left side fin (PECSL-L), Pectoral spine length of right side fin (PECSL-
R), Dorsal fin length (DFL), Pelvic fin length of left side fin (PELFL-L), Pelvic fin length of right side fin (PELFL-R), Anal
fin length (AFL), Caudal fin width (CFW), Pre- pectoral (PPEL), Pre pelvic (PPL), Pre-Dorsal (PDL), Pre Anal (PAL),
Distance from dorsal fin to the occipital process (OPD).

The measured Nine (9) meristic attributes were Pectoral fin rays count on left side (PECFR-L), Pectoral fin ray count on
the right side (PECFR-R), Possession of anteriorly serrated spine on the left side (PESES-L), Possession of anteriorly
serrated spine on the right side (PESES-R), Pelvic fin rays counts on left side (PELFR-L), Pelvic fin rays counts on right
side (PELFR-R), Dorsal fin rays counts (DFR), Anal fin rays counts (AFR) and Caudal fin rays counts (CFR). Each meristic
attribute was counted and the number obtained was taken as their phenotypic value. However, PESES was observed in
the binary form, in which presence of serration at anterior position of pectoral spine was taken as 1, while absence was
taken as zero (0). Measurements were taken by the same person to maximize consistency [6]. Meristic counts were
repeated on the same specimens using hand-held magnifying lens to ensure accuracy.

2.4. Data Processing

Morphometric and meristic data were separately processed for analysis. These types of variables are different
(morphometric are continuous and can be susceptible to environmental factors while meristics are discrete and are
fixed early during development. Data on each of the morphometric attributes were processed for phenotypic value
determined as morphometric value divided by standard length, multiplied by 100 percent. This is a preferred method
for removing size variation characters among individuals as observed by [6]. Standard Length was preferred because
its values were consistent compared to total length. The consistency of standard length has also been observed by [6,
16]. Meristic characters are independent of size of the fish and do not change during growth [17]. Therefore, raw
meristic data were taken as phenotypic values and used for analysis. The mean and respective standard deviation of
each of the attributes (morphometric and meristic traits) was used to derive Coefficient of Variation (CV), expressed as
standard deviation divided by mean phenotypic value, multiply by 100 percent.
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2.5. Determination of Phenotypic Variability and Trend of adaptation in Populations’ Phenotypic Data

Data on phenotypic value and Coefficient of Variation (CV) of each of the phenotypes were used as tools in assessing
within-population variation, trend of adaptation and discriminant factors. The CV of each phenotype was taken as
indices of flexibility or plasticity of the character. Heterogeneity of each phenotype was taken at CV> 10%. Phenotypic
plasticity was taken as indices of adaptability of the attributes. Percentage of number of the phenotypes that showed
heterogeneity was documented as indices of phenotypic plasticity of the population in the catchment. For each
phenotype, CV, multiple modal values and difference between values from left and right sides of paired fins were
assessed and compared. Attributes having the highest CV, differences in values from left and right phenotypes (paired
fins) and multiple modes were considered as most varied/flexible adaptive traits of the species in the environment.

2.6. Assessment of Sources of Heterogeneity and taxonomic complications in Phenotypes’ Data

Heterogeneity of phenotypes was taken as indicative of plasticity and or taxonomic complication in the population,
hence, the need to delineate the population’s phenotype by potential responsible factor(s). Presence of heterogeneity
in values of morphometric traits alongside multiple modes in important taxonomic traits (dorsal fin ray count- DR and
Anal fin ray count- AFR) were taken as indicative of taxonomic complications in the population following [6, 18]. The
DR and AFR were taken as important taxonomic factors, being the main identification keys for the species [15]. To
understand the pattern of distribution of fish sample, their occurrence in similar ecological conditions Principal
Component Analysis was done. For this, the data regarding the number of individual's data was put to software analyses.

2.7. Statistical Analysis

Univariate statistics such as minimum, maximum, mean, mode and standard deviation was used to describe phenotypes.
One-way analysis of variance (ANOVA), followed by Turkey multiple comparison test for unequal sample sizes [19] was
used to establish significant difference in size. Significant differences were taken at p<0.05. Within group Principal
Component Analysis were established to test for adequacy of the variations in morphometric attributes. All analyses
were conducted using computer software (SPSS 15.0 Windows Evaluation).

3. Results

Results on phenotypic structure of the studied C. gariepinus population and analyses of contributory factors responsible
for heterogeneity are presented in this section. Descriptive statistics on phenotypic values and coefficient of variation
in meristic characteristics of the studied C. gariepinus populations are presented in Table 1. The mean value of meristic
attributes varied from 6.20£0.93 in PELFR-R to 71.40+5.64 in DFR. Coefficient of variability of the population varied
from 7.89 in DFR to 54.02 in PESES-L. A total of 77.8% of meristic attributes were heterogeneous (CV>10%). All the
meristic attributes except DFR and CFR have heterogeneous status (CV=7.89% and 9.59% respectively). Multiple modal
was recorded in only PESES-L.

Table 1 Phenotypic Values and Coefficient of Variation (CV) of Meristic Attributes of the Studied Sample Population
(N=30)

Phenotype | Minimum Maximum MeanxSD CV (%) Mode
PECFR-L 3 10 8.33+1.30 15.55 8
PECFR-R 6 10 8.43+0.86 10.18 8
PESES-L 0 21 11.00+£5.94 54.02 8a
PESES-R 0 24 11.17+5.87 52.54 10
PELFR-L 6 10 6.23+0.90 14.40 6
PELFR-R 4 10 6.20+0.92 14.92 6
DFR 53 80 71.40+5.64 7.89 69
AFR 34 63 52.33+£5.42 10.35 54
CFR 14 21 17.73+1.70 9.59 18
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a: Multiple mode, PECFR-L: Pectoral fin rays count on left side, PECFR-R: Pectoral fin ray count on the right side, PESES-
L: Possession of anteriorly serrated spine on the left side, PESES-R: Possession of anteriorly serrated spine on the right
side, PELFR-L: Pelvic fin rays count on left side, PELFR-R: Pelvic fin rays count on right side, DFR: Dorsal fin rays count,
AFR: Anal fin rays count, CFR: Caudal fin rays count.

The mean value of the morphometric attributes (Table 2) varied from 5.20+0.82 in OPD to 64.52+5.00 in DFL. Coefficient
of variability of the population varied from 7.76 in DFL to 18.07 in CFW. A total of 82.4% of morphometric attributes
were heterogeneous (CV >10%). Meanwhile, multiple modes were recorded in 58.8% of the attributes.

Table 2 Phenotypic values (as %SL.) and Coefficient of Variation (CV) of Morphometric Attributes of the Studied Sample
Population (N=30)

Phenotype Minimum | Maximum Mean * SD CV (%) Mode
HL 15.00 41.00 28.31+4.11 14.51 25.002
BD-MAX 10.00 17.00 12.32+1.57 12.71 10.002
BD-MIN 6.00 15.00 8.26+1.65 19.99 8.002
PECFL-L 9.00 15.00 11.57+1.71 14.79 10.00
PECFL-R 9.00 15.00 11.57+1.63 14.10 10.002
PECSL-L 6.00 12.00 8.44+1.42 16.78 7.00a
PECSL-R 7.00 12.00 8.52+1.24 14.49 8.002
DFL 57.00 81.00 64.52+5.00 7.76 57.002
PELFL-L 8.00 12.00 9.55+1.16 12.18 9.00
PELFL-R 8.00 13.00 9.60+1.05 10.94 10
AFL 39.00 56.00 44.39+3.91 8.81 46
CFW 7.00 14.00 10.53+£1.90 18.07 10.00
PPEL 19.00 31.00 22.10+2.56 11.57 22.002
PPL 39.00 60.00 46.65+4.75 10.18 50.00
PDL 21.00 47.00 36.54+5.23 14.30 40.00
PAL 41.00 65.00 55.56+4.94 8.89 56.002
OPD 4.00 8.00 5.20+0.82 15.69 4.002

a= Multiple modes

Head length (HL), Maximum body depth (BD-MAX), Minimum body depth (BD-MIN), Pectoral fin length of left side fin
(PECFL-L), Pectoral fin length of right side fin (PECFL-R), Pectoral spine length of left side fin (PECSL-L), Pectoral spine
length of right side fin (PECSL-R), Dorsal fin length (DFL), Pelvic fin length of left side fin (PELFL-L), Pelvic fin length of
right side fin (PELFL-R), Anal fin length (AFL), Caudal fin width (CFW), Pre- pectoral (PPEL), Pre pelvic (PPL), Pre-Dorsal
(PDL), Pre Anal (PAL), Distance from dorsal fin to the occipital process (OPD).

Summary of Principal Component Analysis revealed that Five components accounted for 78.65% of the total variation
in the populations’ morphometric data. Two of the extracted components had CV > 10 (41.70%, and 15.02%). These
two components accounted for 56.72 % of the total variation in the sample. However, the scree plot (Figure 3), shows
that the slope of the variation favors the five component with Eigenvalue greater than one. Thus five components were
extracted accounting for 78.65 %. Factor loadings for these five extracted principal components (Table 3) revealed that
at £0.10 high loading, PDL and PAL were negative on component 1 while BD-MAX, DFL, AFL, PPEL, PPL and OPD were
positive. The CFW was negative on component 2, while TL, SL and WT were positive. On component 3, PECSL-R and PPL
were negative, while BD-MIN, PECFL-L, PELFL-L and PELFL-R were positive. The PECFL-L, PECFL-R, PECSL-L, PECSL-R
and WT were negative in component 4, while BD-MIN, PPEL, PAL and OPD were positive. On component 5, DFL, AFL,
CFW and WT were negative, while HL, PPEL, PDL and OPD were positive.
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Figure 3 Scree plot of Principal Component Analysis (PCA) of the Studied Sample Population (N=30)

Table 3 Factor loadings for the first three principal components formed from the morphometric variables of the Studied
Population (N=30)

Variables Component
1 2 3 4 5

TL 0.010 0.344 0.067 0.042 0.011

SL 0.008 0.339 0.046 0.044 0.055

HL 0.025 -0.058 0.027 -0.032 0.675
BD-MAX 0.129 -0.010 -0.079 -0.088 0.064

BD-MIN 0.010 0.000 0.337 0.193 -0.026
PECFL-L -0.085 0.042 0.191 -0.221 0.029

PECFL-R 0.000 -0.021 -0.016 -0.283 -0.010
PECSL-L -0.070 0.013 -0.039 -0.384 0.072

PECSL-R 0.054 -0.030 -0.106 -0.238 -0.031
DFL 0.171 -0.011 0.032 0.050 -0.121
PELFL-L -0.030 0.028 0.315 -0.006 0.070

PELFL-R -0.017 -0.033 0.219 -0.087 -0.003
AFL 0.100 0.003 0.051 -0.083 -0.133
CFW 0.037 -0.156 0.078 0.034 -0.459
PPEL 0.184 0.005 0.027 0.109 0.185

PPL 0.214 0.052 -0.122 0.098 0.037

PDL -0.164 -0.007 -0.033 -0.024 0.114
PAL -0.117 -0.047 0.017 0.106 0.079

OPD 0.151 -0.086 0.081 0.150 0.148

WT 0.010 0.275 -0.071 -0.126 -0.255

Bold indicates high loading at +0.10
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4., Discussion

The results of the present study indicate an agreement with [6, 20] who observed that some morphological characters
of fish were useful in generating heterogeneity in morphology. The morphometric variability among the fish samples in
this study was mainly due to the variation of characters related to fins, and body characteristic. It also signifies
coherence with the hypothesis that organisms inhabiting an environment will have to adapt in order to survive and the
trend of adaptation could be detected through morphological studies. Attributes showed different degree of variability
within the studied population, thus agreeing with the observation that phenotypes variability could vary within a single
population [18]. The observed differences in variability in phenotypic values of the studied attributes could indicate
plasticity of phenotypic traits of the population and this could be in response to variations in environmental conditions
of the Rivers.

[21] reported that morphological features are adaptive; that is, they evolve and diversify owing to competition,
predation, or other biotic interactions which would lead to changing structure as a result of complex interactions with
other species or new environmental constraints. Therefore, pattern of variation in the haplotypes could indicate trend
of morphological adaptation to the conditions of the environment. The most varied among morphometric and meristic
traits of the population were the pectoral fin attributes: PELFR-L (pelvic fin rays) and PESES (possession of anteriorly
serrated pectoral spine) respectively. The meristic attributes were heterogeneous (cv > 10). It can be insinuated that
pectoral spine attributes were under serious selective pressure and individuals of the population are showing flexibility
of this attributes at different extent. Hence, the highest variability or flexibility of the pectoral spine attributes.

Trend of compromising identity within population may signal an evolving trend of adaptation which could have
taxonomic implications. Meristic characters are countable structures that are fixed in embryos or larvae [5]. Characters
such as number of spines and fin rays permit greater accuracy than linear measurements in the systematic populations
of fishes [18]. The PESES and DR were the most important attributes with respect to variation pattern in meristic
attributes. The high coefficient of variation, with mono-modal value in PESES implies that pattern of variability at this
site, is a general trend in the population. Multiple modal values obtained in the PESES-L alongside heterogeneity of most
morphometric traits and a meristic traits underlines need for delineating the population to morphotypes, this is
necessary because, multiple modes may indicate presence of morphologic types in fish [22] especially when the affected
attribute is a strong taxonomic trait. According to [15] the most vital external characteristics for identifying fish are fin
ray counts, especially those of the dorsal and anal fins. [23] had observed high phenotypic differences in C. gariepinus
and asserted that this may be due to presence of other taxa in the population. Hence, the subgroups can be viewed as
morphs of the studied C. gariepinus population. Presence of morphs could have genetic and or environmental basis. [24]
reported that morphological changes among species reflect at least, in part, the differentiated use of resources and
ecological differences.

Principal Component Analysis revealed that Five components accounted for 78.65% of the total variation in the
populations’ morphometric data. Two of the extracted components had CV > 10 (41.70%, and 15.02%). These two
components accounted for 56.72 % of the total variation in the sample. However, the scree plot (Figure 2), shows that
the slope of the variation favors the five component with Eigenvalue greater than one. These can be attributed to the
amount of variability observed ranged differently between components of fish samples identified on the basis of number
of species, their abundance and infrequent nature. The overall variance analyzed is indicative of well-established
assemblages under the prevalent ecological conditions in the Benue river and it tributary.

This present study reveals the phenotypic diversity of C. gariepinus strains to be high between the population. This
agrees with the reported work of [25] who reported high phenotypic plasticity of African catfish. Phenotypic plasticity
is involved in forming adaptive variations and resource polymorphism [26]. Phenotypic plasticity is an environment-
induced phenotypic change that occurs within an organism’s lifetime and it is likely to play an important role in the
process of diversification [6]. The studied C. gariepinus population was characterized by heterogeneity of phenotypic
values and the population can be taxonomically discriminated by meristic and morphological types.

5. Conclusion

Fish generally demonstrate greater variance in both morphological and meristic traits within populations than do any
other vertebrate. The studied C. gariepinus population was characterized by heterogeneity of phenotypic values and the
population were taxonomically discriminated by component value analysis and morpho types.
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