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Introduction

Morphometric and meristic methods remain the simplest 
and most direct way among methods of species identification 
and ways of assessing the preliminary changes in any fish 
species. The findings from Hockaday et al. (2000) revealed 
the understanding that the analysis of phenotypic variation in 
morphometric characters or meristic counts is the technique 
of utmost usage to describe stocks of fish. In spite of the 
appearance of current techniques which straightforwardly 
analyze biochemical or molecular genetic dissimilarity, these 
customary techniques keep on having a significant part in stock 
identification and variation appraisal in fish even to date. 

The Nile Tilapia, Oreochromis niloticus (Linnaeus, 1758) 
(Cichlidae; Teleostei), is a boundless animal group utilized in 
tropical aquaculture. Characteristic populaces of this fish occur 
in Africa and the species O. niloticus has been acquainted with 
pretty much in every tropical nation on the planet for aquaculture 
purposes (Nyingi et al., 2009). O. niloticus is a fascinating model-
species to study, the interactions between inherent and extrinsic 
factors on the structure of the characteristic populaces from a 
neighborhood and fleeting to a more extensive biogeographic 
scale. This financially significant fish has one of the biggest regular 
conveyances among African new water fishes, covering the whole 

Nilo-Sudanian area (from Senegal to Nile bowls), the Ethiopian 
Crack Valley territory, the Kivu region and the Northern aspect of 
the East African Break Valley to West African locale. This species 
likewise shows an uncommon limit of variation, which permitted its 
colonization of a wide scope of environments from little backwoods 
waterways to enormous seepage and lakes. 

Among the bony fish in Africa, Nile tilapia (O. niloticus) is the 
most popular (Mert and Cicek, 2010) and the most common of the 
genus in Nigeria. This is due to its positive aquaculture qualities 
like ability to withstand poor water quality, surviving captive rearing 
and ability to take wide range of feed (Yakubu and Okunsebor, 
2011). O. niloticus is a valued fish in Nigeria and popularly refers 
to as aquatic chicken, a rich source of protein, phosphorus, 
potassium, selenium, niacin, vitamin B-12, and is low in fat and 
saturated fat, omega-3 fatty acids, calories, carbohydrates, and 
sodium (Fagbenro et al., 2010). Tilapia aquaculture production 
levels depend to a great extent on the natural productivity of the 
ponds and yields do not generally exceed one ton per ha (Mjoun 
et al., 2010). Although it could be harvested in natural water 
bodies like rivers and reservoirs, the buck of the production is from 
aquaculture sector. The tilapia fish could be eaten fresh or smoked, 
the practice common to the small-scale producers, or frozen for 
export (Fagbenro et al., 2010). 

Due to its great interest for aquaculture and fisheries, the Nile 
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tilapia and a few other tilapia species have been introduced outside 
their natural distributions. Introduced tilapias have become invasive 
especially in areas originally not containing any tilapiine cichlid, 
within as well as outside Africa. In areas inhabited by con-generic 
tilapias, on the other hand, they have often led to hybridization 
with the local allopatric species (Eknath and Hulata, 2009). 
This calls for the assessment of any variation in the population 
structure of the fish over time for the purpose of conserving and 
maintaining the stock. Measurement of morphological characters 
is the simplest method used in identification and characterization 
of tilapia. Therefore, good estimation of morphological characters 
is required for prediction of selection response, economic returns 
and breeding values of stocks required in breeding programmes 
(Samaradivakara et al., 2012).

It is, therefore, important to get detailed information about 
the population structure of O. niloticus from South West Nigeria 
Rivers for the appropriate management and conservation of the 
fish in this region. So, this study assesses the morphological 
variations in Oreochromis niloticus from South West Nigeria 
using morphometric and meristic approach for the appropriate 
management and conservation of this species in this region. 

Material and methods

Study area
The present study was carried out in South West Nigeria with 

the Nile Tilapia, Oreochromis niloticus (Linnaeus, 1758) (Cichlidae; 
Teleostei) from three water bodies – two reservoirs (Asejire and 
Ureje) and a river (Ogbese). 

Asejire reservoir is constructed on River Oshun, one of the 
series of West African rivers which do not drain into Niger system 
but discharge into coastal lagoons and creeks bordering the 
Atlantic Ocean. The reservoir has a normal pool elevation (water 
level) of 150 m and maximum flood elevation of 152.4 m. The 
annual mean temperature is 27.3ºC, annual rainfall is 1500-2500 
mm, and annual mean relative humidity is 79% (Tijani et al., 2011).

Ureje reservoir is constructed by damming the Ureje River 
in Ado-Ekiti in 1958 for the supply of water for domestic uses 
and production of fish for Ado-Ekiti community and the environs 
(Fagbuaro et al., 2016). It is situated on an undulating plane of an 
average height of about 440 m above sea level and surrounded 
by highlands. The dam lies between latitude 70º37’ north and 
longitude 5º13’ east of the equator.

Ogbese River is a major tributary of Ose River in the 
Southwestern part of Nigeria that lies between longitudes 5°26’E to 
6°34’E and latitudes 6°43’N to 7°17’N. It took its source from Apata 
Hills in Ekiti State, flows for approximately 22 km from its source 
to meet Ose River which is about 300 km long and discharges 
into the Atlantic Ocean through a series of creeks and lagoons. 
The fishermen in this river use non-powered dug-out canoes and 
varieties of gears like gill nets, long lines, traps and cast nets.

Samples collection and preparation
Thirty speciments (samples) of Oreochromis niloticus were 

obtained from local fishermen, ten fish (n=10) each from Asejire 

Reservoir (Oyo state), Ureje Reservoir in Ado-Ekiti (Ekiti state) 
and Ogbese River (Ondo state), between the months of May and 
July 2018 with average weight of 107±1.12 g, 103±1.00 g and 
104±0.02 g, respectively. 

The fish were transported in an ice containing box and brought 
to the Department of Fisheries and Aquaculture Technology 
Laboratory, Federal University of Technology, Akure, Nigeria for 
appropriate morphological measurements.

Measurement of morphometric and meristic characteristics of 
O. niloticus

Morphometric measurements were taken from each specimen 
using calibrated measuring board. The morphometric characters 
were measured to the nearest 0.1 cm and divider which was 
used in measuring curved areas such as the ocular distance. The 
Morphometric measurements taken from the fish include; Total 
length (TL), Standard length (SL), Head depth (HD), Body height 
(BH), Pre-dorsal distance (Pre-D), Pre-anal distance (Pre-A), 
Pre-pectoral distance (Pre-PECT), Pre-ventral distance (Pre-V), 
Pectoral fin length (PFL), Ventral fin length (VFL), Dorsal fin base 
length (DBFL), Anal fin length (AFL), Inter-orbital distance (IOD), 
Eye diameter (ED), Snout length (SnL), Caudal peduncle depth 
(CPD), Caudal peduncle length (CPL), Greatest dorsal spine 
length (DSL), 3rd Anal spine (ASL), Longest anal ray (LAR) and 
Post orbital length (POL). Fourteen meristic characters were also 
counted which include number of the Lateral line scales (LS), 
number of the Transverse scale (TS), number of the Pre-dorsal 
scales (PrS), number of the Post-dorsal scales (PoS), number 
of Scales surrounded the caudal peduncle (SCP), number of the 
Rays in the dorsal fin (RD), number of the Spines in the dorsal fin 
(SD), number of the Rays in the anal fin (RA), number of Spines 
in the anal fin (SA), number of Rays in the pectoral fin (RPec), 
number of Rays in pelvic fin (Rpel), number of rays in Caudal fin 
(RC), Vertebrae (V) and Gill rackers in the lower part of the first 
arch (GR).

Statistical analysis
Morphometrics and meristic data were analyzed separately 

using Paleontological Statistical Test (PAST) software (Hammer et 
al., 2001) since the former is continuous and more susceptible to 
more environmentally induced variability while the latter is discrete 
and fixed early in the developmental stages (Samaradivakara et 
al., 2012). The morphometric data meristic data were analysed in 
the same way as Morphometric data except that the meristic data 
were not log transformed to enhance homogeneity of the data set 
and reduction in size effect. Canonical variate analysis (CVA) was 
used to visualize relationships among populations while Principal 
Component Analysis was also carried out in order to illustrate the 
morphometric and meristic characters that differentiate populations 
through each component loadings of the PCA. 

Results 

Morphometric characters
Analysis of morphometric data revealed that the first 
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principal component (PC-I) accounted for 72.22% while the 
second (PC-II) accounted for 10.93% giving a total of 83.15% 
of the variations in morphometric data and were used to explain 
the variations between the fish populations (Table 1). Principal 
component (PC) shows that the PC1 had 77.22% of variation 
while the PC2 and PC3 had 10.93% and 4.39%, respectively. In 
order to determine the characters that offered the percentage 
variation observed in morphometric characters, the Principal 
Component loadings were constructed. PC1 (77.22%) loading 
had both negative and positive coefficients with pre-dorsal 
length, pre-pectoral length and pre-anal length, having positive 
coefficients depicting high correlation in shape. On the other 
hand, the greatest dorsal spine length and anal spine length 
had negative coefficients depicting high negative correlation 
in shape (Figure 1). Thus, indicating that these characters 
offered the recorded percentage variation in PC1. Characters 
that produced 10.73% variation under PC 2 were Pre-dorsal 
length and pre-pectoral length. Canonical Variate analysis 
showed that samples from Asejire reservoir, Ureje reservoir 
and Ogbese River, formed a separate cluster from each other 
(Figure 2). There is an intersection between Asejire and Ureje 
reservoirs samples and Asejire reservoir with Ogbese River 
samples. However, the samples from Ureje reservoir and 
Ogbese River had no intersection. Cluster analysis illustrated 
by the dendrogram for morphometric characters in Figure 3 
also revealed two major clusters. There are mainly two clusters 
with Ado samples belonging to one and Ogbese River and 
Asejire reservoir fall in the other cluster.

Table 1. Principal Components (PC), Eigen values and 
% Variance for 30 sampled O. niloticus for morphometric 
characters 

PC Eigen values    % Variance
1 68.1483 77.216*
2 9.64954 10.934*
3 3.87876 4.3949*    
4 1.79344 2.0321
5 1.35476 1.535
6 0.869795 0.98553
7 0.668522 0.75748
8 0.532521 0.60338
9 0.329358 0.37318
10 0.263816 0.29892
11 0.188041 0.21306
12 0.158982 0.18014
13 0.111054 0.12583
14 0.0766778 0.086881
15 0.0624864 0.070801
16 0.0585553 0.066347
17 0.037536 0.042531
18 0.0344068 0.038985
19 0.0160123 0.018143
20 0.0142101 0.016101
21 0.00732411 0.0082987
22 0.00236076 0.0026749

Joliffe cut-off = 2.686

Figure 1. Loadings of principal component loading showing 
variation of different morphometric characters of O. niloticus 
for the three locations (Asejire, Ureje, Ogbese)

Figure 2. Canonical variate analysis of morphological 
characteristics of O. niloticus from three locations 
Legend: Red- Ureje reservoir, Blue- Asejire reservoir and 
Green- Ogbese River

Figure 3. UPGMA Cluster analysis of morphometric data 
showing distance relationship by samples

Meristic characters
Principal Component Analysis of un-transformed 14 

meristic counts of Oreochromis niloticus from three different 
locations (Asejire reservoir, Ureje reservoir and Ogbese River) 
are presented in Table 2. Principal Components (PC1 and PC2) 
accounted for 46.49% and 24.17% of the observed variation, 
respectively. These variations indicated that there were 
differences in meristic counts for the sampled specimens of O. 
niloticus from the three locations.
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Table 2. Principal Components (PC) with the Eigen value and
percentage variance for meristic counts of O. niloticus samples
collected from the three locations (Asejire, Ureje, Ogbese)

PC Eigen values % Variance
1 139.692 46.49*
2 72.6186 24.17*
3 24.107 8.02
4 22.1852 7.38
5 13.7243 4.57
6 8.36421 2.78
7 6.0977 2.03

Joliffe cut-off = 15.02

The loadings (PC) for the meristic characters observed 
showed that Principal Components 1 and 2 had significant effect 
in the variation measured. Principal Component 1 (PC1) revealed 
that transverse scales and scales surrounding the caudal 

peduncle showed the highest positive values while numbers 
of pre-dorsal scales showed the highest positive value and 
accounted for 46.49% variation (Figure 4). The 24.17% variation 
observed in PC2 are from numbers of pre-dorsal scales, scales 
surrounding the caudal peduncle, numbers of vertebrae and gill 
rakers (positive values) and transverse scales (negative value). 

Figure 5 shows the Canonical variate analysis (CVA) of the 
meristic characters of O. niloticus from all the three locations. 
The CVA revealed that of all the populations sampled, samples 
from Ureje reservoir are more diverse that the other two with 
the samples from Asejire reservoir having the highest sample 
homogeneity.

Cluster analysis for meristic data is illustrated in Figure 6 
that revealed three clusters. There is individual sample (Ado 6) 
singly belonging to a cluster with others from Ogbese River and 
Asejire reservoir falling in the other cluster.

Figure 5. Canonical variate analysis of meristic characters of 
O. niloticus from three locations 
Legend: Blue- Ureje reservoir, Red- Ogbese River and Green- 
Asejire reservoir

Figure 6. UPGMA Cluster Analysis of meristic data showing 
distance relationship by location

Discussion
 
Morphological characters including morphometric, meristic 

have been widely used to delineate the various populations of 

Figure 4. Loadings for PC 1 showing variability of different meristic counts of O. niloticus for the three locations (Asejire, Ureje, 
Ogbese)
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O. niloticus in Nigerian water bodies. Morphometric analysis 
showed that there is variation in the populations of O. niloticus. 
The CVA grouping revealed three distinct rings with Ureje 
reservoir population unconnected with the Asejire reservoir 
and Ogbese River. The reason for this might be a result of 
low tilapia aquaculture around the sampled location, which 
would have reduced genetic make-up resulting to inbreeding. 
This observation was different in Ogbese River and Asejire 
Reservoir populations that had intersected, which implies that 
the two groups have low variability. This relatedness could 
be attributed to gene flow that might have existed among the 
populations.

There were only two distinct clusters of O. niloticus that 
were observed at 77.22% level of variability. The difference 
between the populations of these clusters may have been 
due to local adaption as well as phenotypic plasticity 
(Hossain et al., 2010). The environmental influence has 
been reported to be of particular importance during the 
early development stages of fish (Vatandoust et al., 2014). 
Wangüemert et al. (2010) suggested that population 
differentiation can be driven by heterogeneity of spawning 
habitat or larvae retention both geographically as well as 
at more localized scales. The morphometric variations 
observed in our samples could also be due to different 
type of habitats (Corpuz et al., 2013) where the O. niloticus 
live or the effects of genetic drift caused by intense fishing 
in the river bodies. The present study could not reject 
the hypothesis that low genetic variation in O. niloticus 
population of Asejire reservoir-Ogbese River has led to its 
population decline which might threaten its evolutionary 
potential as reported by Popoola et al. (2014). Intensity of 
aquaculture resulting in escapee to rivers as reported by 
Mkare et al. (2014) could also reduce genetic diversity in 
these populations. Furthermore, the physico-chemical 
analysis of these locations though not measured, must 
have contributed to morphological variability observed in 
the studied populations. This indicates that the observed 
variation among the populations probably reflects genetic 
and environmental factors. This is in conformity with 
Guarneri et al. (2014) who stated that the morphology of 
a fish or any living being is determined by the interaction 
between genetic and environmental factors.

The meristic results revealed three clusters instead 
of two when compared to the morphometric data analysis. 
This indicates that meristics revealed more variability 
than morphometrics among the studied populations of O. 
niloticus. This result is consistent with the report of Turan 
et al. (2006) who observed three morphological stocks in 
Pomatomus saltatrix morphological study of the Black sea. 
The study had been able to reveal variation in O. niloticus 
populations in Asejire reservoir, Ureje reservoir and Ogbese 
River. Popoola et al. (2014) linked this with genetic structure 
and environmental conditions, and that they have been major 
factors affecting morphological variability among different 
geographical populations. 

Conclusion

Oreochromis niloticus from Ureje reservoir was 
morphologically different from that of Asejire reservoir 
and Ogbese River suggesting that there is morphological 
modification which might be a result of evolutionary forces. 
Further study on genetic differentiation of individuals from 
different species is necessary to confirm findings of the present 
study. The genetic analyses would allow us to know whether 
O. niloticus from these locations were separate or the same 
species
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