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Tilapia zillii is one of the dominant cichlids in southwestern reservoirs of Nigeria. Morphological variation was
investigated among three populations (Opa, Ero and Asejire reservoirs) of this species using univariate and
multivariate analysis. This was with a view to determining the pattern of morphological differentiation among
them. Measurements of twenty five morphometric characters and six meristic counts were recorded on fifty
specimens each. Univariate analysis of variance showed significant differences (p< 0.005) between the means of
the three groups for 20 out of 25 morphometric measurements while there was no significant difference between
the means of the three groups for most of the meristic characters. Canonical variate analysis results for the
morphometric data shows overlap of clusters of fish specimens from Opa and Ero Reservoirs as well as Ero and
Asejire Reservoirs. However, there was no overlap between T. zz/ii samples from Asejire and Ero Reservoir.
Results established heterogeneity in morphology among populations of Tilapia zillii inhabiting the three
reservoirs based on univariate and multivariate analysis of the morphometric characters only. The meristic
characters could not delineate the three populations. The study therefore concluded that populations of T. éllii
from Ero and Asejire reservoirs were phenotypically separable populations of the same species while those from
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ABSTRACT

Opa reservoir are somewhat morphologically related to both of them.
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INTRODUCTION

Tilapia zilliz, an African native fish species is one of
the predominant fishes with the highest number
of catches in Opa, Ero and Asejire reservoirs of
Southwestern Nigeria (Agbabiaka, 2010;
Ipinmoroti, 2013). It is a cheap source of highly
nutritive protein and is widely acceptable due to its
good taste and high fillet quality. It is also an
important food fish that can be cultured in either
fresh or salt water in tropical and subtropical

climates (Lim and Webster, 20006).

Morphology, which is the study of form and
structure of organisms, is very important in
biology. It is of high relevance in population
studies as it is useful in distinguishing species
taxonomically and establishing evolutionary
relationships (Deesti ez al, 2009). Morphological
description (morphometrics and meristics) are
vigorous tools for measuring discreteness of the
same species (Cadrin, 2000). Morphometrics is
the quantitative analysis of form; both size and
shape while meristic means serial body counts.

Morphometrics and meristic studies of fish
populations have been used to identify stocks of

fish and to separate different morphotypes
(Doherty and McCarthy 2004; Jayasankar ez al,
2004). Studies on morphological variations in fish
populations are also useful in phylogenetics and in
providing information for subsequent studies on
the genetic improvement of stocks.
Morphological variation between populations can
provide a basis for population structure, and may
be applicable for studying short-term,
environmentally induced variation geared towards
successful fisheries management (Murta, 2000;
Pinheiro et al., 2005).

One of the major forces in the evolution of new
species is the formation of different morphologies
within the same species that specializes in different
use of resources (Robinson, 1994). Fish is highly
susceptible to environmentally induced
morphological variations than do any other
vertebrates such that they demonstrate greater
variations within and between populations
(Allendorf et al, 1987; Wimberger, 1992).
Morphometric characters can show high plasticity
in response to differences in environmental
conditions such as food (benthic-pelagic feeding
niche continuum), presence of predators, water
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velocity, salinity and temperature (Kristjansson,
2002). Also selection pressures operating within
different habitats or habitat units favor specific
traits more than the others as traits that are well
suited to the conditions found in one habitat may
be ill-suited to those found in others (Webster e al.,
2011). Several authors have reported intraspecific
morphological variations within populations of
numerous species of fishes occurring across
environmental gradients such as flow regime,
water depth, water chemistry, substrate type,
predation risk and prey assemblage (Bentzen and
McPhail, 1984; Cresko and Baker, 1996; Eklov and
Jonsson, 2007; Schluter, 1995; Svanback and
Eklov, 2006). In Nigeria, reports on
morphological diversity of fishes within
populations of the same specie includes those by
Omoniyi and Agbon, 2008; Solomon et al., 2015;
Oladimeiji ez al., 2015; Ukenye ef a/ 2015 amongst
others.

There is paucity of information on the
morphological diversities of Tiapia zillii in
Nigerian inland waters. This study therefore aims
to determine the morphological variations of
Tilapia zillii from three selected reservoirs in
Southwest, Nigeria.

METHODOLOGY

Description of Study Area

The three selected reservoirs used in this study are:
Opa Reservoir, Ero Reservoir and Asejire
Reservoir.

Opa Reservoir

The Opa Reservoir is located in Ile-Ife, Ife Central
Local Government Area of Osun State Nigeria. It
was established in 1978 by the impoundment of
Opa River which took its source from Oke-Opa
hills for the primary purpose of supplying potable
drinking water to Obafemi Awolowo University
community. Itlies between longitudes 004°030' to

004° 040'East of the Greenwich and latitudes 07"
27'to 07°35'North of the Equator (Figure 1). The
major tributaries are rivers Obubu and Esinmirin.
The reservoir has a crest of about 300 m long and
a height of 15 m from its foundation. The
catchment area is about 116 km”; surface area of
0.95 km” and a maximum capacity of about 675
m’. The minimum depth is 0.95 m while the
maximum depth is 6.4 m. The mean annual
temperature of the area is 27 "C (Akinbuwa and
Adeniyi, 1996).

Ero Reservoir

Ero reservoir is located at Tkun Ekiti in Moba
Local Government Area of Ekiti State. The dam is
constructed on Ero River which takes its source
from the highland region of Orin-Ekiti, in Ido-
Osi Local Government (Adedeji, 1993).
Geographically, Ero Reservoir is located on the
intersect of latitude 07" 59'N and longitude 005’
012'E (Figure 2). The impoundment area is about
4.5 km’, the water surface area is about 450
hectares and it has a maximum capacity of about
20.9 million cubic metres.

Asejire Reservoir

Asejire Reservoir is in Oyo State in Southwestern
Nigeria, created by the impoundment of River
Osun. The reservoir was built in the late 1960s. It
is found in between latitude 07° 21'45”N- 7°
36'25”N and longitude 004°08'00”E -
004°13'33”E. (Figute 3). The Resetrvoir provides
water to the Asejire and Osegere water treatment
plants in Ibadan. It has a capacity of about 80
million litres per day, of which 80% is used for
domestic purposes. The catchment area is 7,800
km” and the impounded area is 23.42 km® (2,342
hectares). The reservoir has a normal pool
elevation (water level) of 150 m and maximum
flood elevation of 152.4 m. The surface area is
about 24 km’ (Ayodele, 1979).
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Figure 1: Map of Opa Reservoir in Ile-Ife, Osun State, Nigeria
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Figure 2: Map of Ero Reservoir in Ikun Ekiti, Ekiti State, Nigeria.

17



18

Oladimeji and Olaosebikan: Morphological Variability of Tilapia zillii

4°8'0"E
1

15°00"N
f

0°00"N
N

FO0"N
M

7°21'40"N

FO'TN
1

g' (= e
ST s C3I0y0 Sabe LGAs

T T
FO0E £00°E 5°0'0"E

B Built-up areas
[ Water Body
- B Vegetation

T
7°21'50"N

T
7°21'40"N

T
7°21'30"N

Figure 3: Map of Asejire Reservoir in Asejire, Oyo State, Nigeria.

Fish Sampling

A total of 150 samples of Tilapia zillii were
collected between July and September 2015, from
Opa Reservoir, Ero Reservoir and Asejire
Reservoir (50 samples each). The Fish samples
were collected on a monthly basis from landings
of commercial fishermen. All collected specimens
were packed in a big container containing ice
cubes and were transported to the laboratory for
further analysis. The samples were identified using
the identification keys prepared by Paugy ef al.
(2003) and Adesulu and Sydenham (2007).

Morphometric studies

Twenty five (25) morphometric characters
according to Dunz and Schliewen (2010) were
measured to the nearest millimeter with digital
calipers (NEIKO 01407 A) in all the sampled fish
specimens. These include: Total Length (TL),
Standard Length (SL), Head Length (HL), Body
Depth (BD), Snout Length (SNL), Cheek Depth
(CHD), Eye Length (EYL), Dorsal Fin Length
(DFL), Anal Fin Length (AFL), Length of Last
Dorsal Spine (LDS), Length of Third Anal Spine
(LTAS), Pelvic Fin Length (PFL), Pre Dorsal
Distance (PDD), Upper Lip Length (ULL), Lower
Jaw Length (LJL), Lower Lip Width (LLW), Lower
Lip Length (LLL), Pectoral Fin Length (PECFL),

Pre Orbital Distance (POD), Caudal Peduncle
Length (CPL), Caudal Peduncle Depth (CPD),
Lower Jaw Width (LJW), Pelvic Spine Length
(PSL), Pre Anal Distance (PAD) and Distance of
Lower Jaw to Pelvic Fin (PELD).

Six metistic characters were counted and recorded
which include: Number of scales on lateral line,
dorsal spines, dorsal rays, gill rakers, anal fin rays
and anal fin spines.

Statistical Analysis

One-way analysis of variance (ANOVA) was
performed on the morphometric and meristic
characters to test the variation for each trait among
the three fish populations using SPSS 21.

Multivariate analyses were carried out separately
on morphometric and meristic data. This is
because morphometric characters are continuous
while the meristic characters are discrete.
Furthermore, the meristic characters are fixed
early in development while the morphometric
characters are more susceptible to environmental
variables (Allendorf ezal, 1987).

Measurements of each morphometric character
were standardized to fish size (SL) in accordance
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with Reist (1985). This was done to remove size-
effect using percentage standard length as follows:
Mn=(Mo/S1.) %, where:

Mois the original measurement; and

SL is the standard length.
Size-corrected data were analyzed by multivariate
method using Canonical Variates Analysis (CVA)
and Principal Component Analysis (PCA), on
PAST software (Hammer ¢# a/., 2001). To find out
the morphometric factors that can discriminate
among the three populations, Principal
Component Analysis (PCA) was used in which
factor loadings based on Eigen values were used to
determine the morphometric factors.

RESULTS

One-way analysis of variance (ANOVA) revealed
that there were significant differences (P < 0.005),
between the three studied populations (Opa, Ero
and Asejire) and within each population for 20 out
of the 25 morphometric characters, revealing
great heterogeneity in the populations The
characters include total length, standard length,
head length, body depth snout length, cheek
depth, dorsal fin length, anal fin length, length of
last dorsal spine, pelvic fin length, pre dorsal
distance, upper lip length, lower lip width, lower
lip length, pectoral fin length, caudal peduncle
length, caudal peduncle depth, pelvic spine length,
pre anal distance and distance of lower jaw to
pelvic fin. However there were no significant
differences (P > 0.005) between and within
populations for most of the meristic characters
studied. The Canonical Variates Analysis (CVA)
diagram of the morphometric measurements of
T. zillii from the three Reservoirs of study showed

that there is an overlap of data between
populations from Opa Reservoir (red), and Asejire
Reservoir (Green); and a slight overlap between
populations from Opa Reservoir (red) and Ero
Reservoir (blue) (Figure 4). There is a clear
separation between populations from Ero
Reservoir (blue) and Asejire reservoir (Green)
(Figure 4). The morphometric character loadings
on PC1 of the principal components analysis,
showed pectoral fin length (loading 0.719), as the
character most responsible for variation among
the studied populations of T. zi//ii (Figure 5).

Canonical Variates Analysis (CVA) diagram of
the six meristic counts of 1. gz/iii from the three
reservoirs of study revealed a high level of
relatedness among the meristic characters studied
in the three fish populations as there was a large
overlap of clusters (Figure 6). However, loadings
on PC 1 of the PCA identified “the number of
scales on the lateral lines” (loading, 0.9704) as the
meristic character that varied most among the
three T. zillii populations (Figure 7). The eigen
values and corresponding percentage variance
from principal component analysis (PCA) of the
morphometric and meristic characters
respectively across the three studied populations
are shown in tables 1 and 2 respectively. These
components are showing the distribution of
variation among the components in the PCA. For
the morphometric characters, PC I accounted
for 36% of the variation, PC II for 12.5% and PC
III for 11.01% (Table 1). For the meristic
characters, PC I accounted for 50.3% of the
variation, PC II for 27.4% and PC III for 10.8%
(Table 2).
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Figure 4: Canonical Variates Analysis (CVA) based on 24 morphometric measurements of T. zz/ii showing overlap of
characters among the three populations from Opa Reservoir (red), Asejire Reservoir (green) and Ero Reservoir (blue).
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Figure 5: Respective T. zz//ii morphometric characters and their loadings on PC1 of the Principal Components
Analysis showing pectoral fin length as the character most responsible for variation among the studied
populations of I zéllzi.

A=total length, B=head length, C=body depth, D=snout length, E=cheek depth, F=eye length, G=dorsal fin
length, H=anal fin length, I=length of last dorsal spine, ] =length of third anal spine, K= pelvic fin length, L=pre
dorsal distance, M=upper lip length, N=lower jawlength, O=lower lip width, P=lower lip length, Q= pectoral fin
length, R= preorbital distance, S=caudal peduncle length, T= caudal peduncledepth,U= lower jaw width, V =
pelvic spine length, W= pre anal distance and X=distance lower jaw to pelvic fin.
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Figure 6: Canonical Variates Analysis (CVA) based on 6 meristic counts of T. z/ii from Opa Reservoir (red),

Ascjire Reservoir (green) and Ero Reservoir (blue) showing homogeneity of characters.
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Figure 7: Respective T. zz/lii meristic counts and their loadings on PC1 of the principal components
analysis showing “number of scales on lateral line” as the meristic character most responsible for
variation among the three studied populations of T. zz/iz. A= number of scales on lateral lines, B=
dorsal spine, C= dorsal ray, D= gill rakers, E= anal fin ray and F= anal fin spine.

Table 1: Distribution of variation of morphometric data among the principal components.

PC EIGEN VALUES % VARIANCE
1 159.064 36.002
2 55.2445 12.504
3 48.6233 11.005
4 43.8013 9.9137
5 15.9893 3.6189
6 14.7403 3.3362
7 14.0538 3.1809
8 13.522 3.0605
9 11.295 2.5565
10 9.48086 2.1458
11 8.14853 1.8443
12 7.4755 1.692
13 6.0839 1.377
14 5.7027 1.291
15 5.207 1.179
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Table 2: : Distribution of variation of meristic data among the principal components

PC

Eigen value

% variance

5.4676
2.9759
1.1695
0.8393
0.4142
0

N Ul BN

50.316
27.386
10.763
7.724
3.811
0

DISCUSSION

In this study, measurements of morphometric
characters as well as meristic counts were used to
characterize fish populations as they still remain
dependable tools especially on the field and they
are sensitive to any environmental changes (Fryer
and Iles, 1972). Significant morphological
heterogeneity was evident among the three
population samples of Tilapia zillii although the
level of differentiation between them varies
across the three populations.

The overlap of data between populations of T.
zillii from Opa Reservoir (red), and Asejire
reservoir (green) as observed on the CVA scatter
diagram implies that these populations are similar
morphologically. Likewise the slight overlap
between T. zil/ii populations from Opa Reservoir
(red) and Ero reservoir (Blue) implies that these
populations are somewhat morphologically
related.

However, the clear separation between the T.
zillii populations from Ero and Asejire reservoirs
as indicated on the CVA diagram implies that
these populations are phenotypically separable
based on their mophometric characters. This is
consistent with the report of Khayyami ez /.
(2015) who used univariate analysis of variance
and PCA  to study morphological variability in
two separate populations of Liza klunzingeri in
Northeastern Persian Gulf. They reporteda high
degree of phenotypic distinction between the two
populations with respect to their morphometric
characters.

The observed pattern of phenotypic discreteness
among the studied 1. zilii stock in the three
reservoirs suggests a direct relationship between
the extent of morphological differentiation and

geographic separation, indicating that geographic
separation is a limiting factor to migration among
stocks (Khayyami ez a/, 2015). Much of the
observed variation between populations of
Tilapia zillii in Opa, Ero and Asejire reservoirs
may also be due to differences in environmental
conditions such as availability of food, presence
of predators, water velocity, substratum, salinity,
and temperature in the three water bodies.

Suneetha (2007) reported that populations of
fishes inhabiting various ecosystems maintain
morphological heterogeneity. The morphological
variation can be used to differentiate some of
these populations. Langerhans ez a/ (2003) also
reported that morphological variation increases
with increasing geographic distance between
populations and with variation in other
environmental factors.

Sufficient degree of isolation may result in
notable morphological and genetic
differentiation among stocks within a species; this
may be recognized as a basis for the management
of distinct stock (Mian e al, 2014). Similarly,
under conditions of partial or complete isolation
of groups of fish within a species, slight
differences in body proportions or meristic

characters may be preserved in each group
(Alhstrom, 1957).

The meristic characters were unable to deliniate
the T. zzllii populations studied as a high level of
homogeneity was observed when the three
populations were subjected to CVA analysis. This
is consistent with the report of Carscadden and
Leggett (1975); Ihssen ef al. (1981); Murta (2000)
and Oladimeji e# a/. (2015) that in population
differentiation studies, the pattern of
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differentiation shown by meristics is usually poor
compared to that shown by morphometrics. Also,
in this study the number of dorsal fin rays, dorsal
fin spine, anal fin rays and anal fin spine from the
three locations were fairly constant. This
indicates identity in parental stock and agrees with
the findings of Holden and Reed (1972) and Reed
et al. (1967) that fin rays of the tribe Tilapiini do
notvary much.

It has been reported that morphological
characteristics of fish are determined by an
interaction between genetic and environmental
factors (Tudela, 1999). However, phenotypic
variability may not necessarily reflect population
differentiation at the molecular level (Tudela,
1999). This is because phenotypic variation of
morphological characters at the intra-specific
level is not solely influenced by genes but is also
subjected to environmental modifications. Thus
the observed phenotypic variation in this study
may not reflect any population differentiation at
the molecularlevel.

CONCLUSION

The study revealed that T. z///ii sampled from Ero
and Asejire reservoirs were phenotypically
separable populations of the same species while
those from Opa reservoir are a little similar to
both of them. The results established
heterogeneity in morphology among populations
of Tilapia zillii inhabiting the three different
reservoirs of study based on univariate and
multivariate analysis of the morphometric
characters. However, molecular analysis is
recommended in order to ascertain the
population differentiation pattern of Tzapia illii
in the studied reservoirs.
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