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Fish often exhibit phenotypic plasticity by adapting their morphological
traits to changing environments. In this study, the phenotypic plasticity of
Sarotherodon galilaeus from three reservoirs (Aiba, Eko-Ende, and Asejire)
in Southwestern Nigeria was assessed by evaluating their morphometric and
meristic characters. Twenty-five morphometric measurements and six
meristic counts were recorded in fifty samples from each reservoir.
Morphometric measurements were standardised as a function of standard
length, eliminating bias attributed to size. The meristic counts were not
standardised because they are discrete and less influenced by size. One-way
ANOVA was used to analyse morphometric and meristic data to test for
significant differences between groups. The meristic and standardised
morphometric datasets were further analysed using Canonical Variate
Analysis (CVA) on R (candisc package). Significant differences (p<0.05)
occurred within and between groups for 23 parameters among populations.
The CVA plot revealed clear morphological differentiation among the three
populations at 95% confidence ellipses, but the meristic data could not
delineate the populations. Therefore, the three populations of S. galilaeus
exhibited a significant degree of phenotypic divergence based on their
morphometric traits, likely driven by geographic isolation and local

adaptation to the unique environmental conditions of each reservoir.

The construction of reservoirs for the generation of
hydropower, irrigation support, and water supply for
domestic use has constituted a major disturbance to
aquatic ecosystems globally. It has resulted in the
formation of distinct aquatic habitats, altering the
ecological and genetic traits of fish populations
(Downing et al 2006; Santos and Araujo, 2015;
Winemiller et al 2016). Reservoirs often present unique
environmental gradients, such as water temperature, pH,
dissolved oxygen, and trophic conditions, which can
drive phenotypic plasticity among fish populations
(Okada et al 2005; Agostinho et al 2007).

Phenotypic plasticity is the ability of a single
genotype to produce different morphological or
behavioural traits in response to varying ecological
conditions. This flexibility enables populations to adapt
rapidly and survive when faced with new environmental
challenges (Ghalambor et al 2007). Understanding how
fish populations adapt to these conditions can provide
information on their resilience, genetic diversity, and
management needs. Phenotypic differences among
populations could be either adaptive or neutral. Adaptive
phenotypic differences are linked to genetic factors, thus
having speciation potential (Schluter and Rieseberg,
2022). In contrast, neutral phenotypic differences are

purely environmentally induced and short-lived, lacking
speciation potential but still carrying significant
implications for improved fisheries management
(Mojekwu and Anumudu 2015).

Sarotherodon galilaeus (Linnaeus 1978) (commonly
known as Mango tilapia) is an important freshwater fish
species for artisanal fisheries and aquaculture in Nigeria.
It has a wide distribution both in tropical and subtropical
regions of the world, including Africa, the Middle East,
Europe, and some parts of Asia. Its regions of natural
occurrence include Africa and the Middle East, while its
regions of introduction include Europe and some Asian
countries such as Japan and China, mainly for
aquaculture purposes (Froese and Pauly 2014).
Sarotherodon galilaeus is economically important in
aquaculture and fisheries due to its adaptability to diverse
environmental conditions and its significant contribution
to food security in many developing countries (FAO,
2022).

Morphometric and meristic analyses are essential
tools for studying fish populations as they help elucidate
population structure and phenotypic plasticity (Chapman
et al 2000; Naspleda et al 2012). They are also valuable
tools for taxonomic studies and for exploring
evolutionary relationships among groups while
providing useful insights into fish ecology and behaviour
(Mojekwu and Anumudu, 2015). Morphometrics is the
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measurement of shape and size-related traits such as total
length, body depth, and caudal peduncle, while meristics
involves serial countable traits such as fins, rays, and
scales. Analysis of morphometric and meristic data using
various univariate and multivariate methods is a common
approach for assessing population differentiation
patterns (Aguirre et al 2013; Ola-Oladimeji et al 2017).
These methods are useful for detecting subtle phenotypic
variations caused by environmental factors or genetic
isolation, especially in fish populations (Albertson and
Kocher 2005; Oladimeji et al 2015).

Measurements of morphometric and meristic
characters are used to assess morphological diversities in
fish populations because these tools are sensitive to
environmental changes and remain fundamentally
reliable (Fryer and Iles 1972). Studies have shown that
tilapia populations often exhibit phenotypic plasticity in
response to varying environmental conditions, such as
water quality, habitat type, predator pressure, resource
availability, and hydrological conditions (Arbour and
Loépez-Fernandez, 2013; Burress, 2015; Oladimeji and
Olaosebikan, 2017; Gilbert et al 2020; Oladimeji et al
2023).

Reservoirs in south-western Nigeria, for example,
represent distinct ecological systems with unique
environmental pressures. However, little is known about
how environmental differences between these reservoirs
influence the morphological characteristics of the fishes.
Existing studies on S. galilaeus have largely focused on

its ecology (Olopade et al 2014; Adeosun 2016;
Gbaguidi et al 2016; Ouedraogo et al 2024), genetic
analysis (Borovski ef al 2019; Luo et al 2021; Fiteha et
al 2023), with few emphasising population-level
morphological characterisation (Oladimeji et a/ 2020;
Akindele and Fagbuaro 2022).

Characterising population-specific morphological
variations in S. galilaeus can provide insight into their
adaptations to varying environmental conditions, which
is crucial to understanding evolutionary processes and
local adaptations. It will also help to identify distinct
populations or morphotypes that may eventually become
subspecies requiring conservation efforts. Taking into
account the prevailing environmental stressors in most
water bodies, such as habitat degradation, climate
change, and anthropogenic activities, preserving
diversity within the species is critical for maintaining
ecosystem resilience and fishery sustainability. This
study, therefore, was aimed to assess the phenotypic
plasticity of S. galilaeus in three different reservoirs in
Nigeria using morphometric measurements and meristic
counts.

Description of the study area

Three different reservoirs in Southwest Nigeria, viz.
Aiba, Eko Ende, and Asejire Reservoirs were used for
the study (Figure 1).
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Figure 1. Map of Nigeria showing locations of Aiba, Eko-Ende, and Asejire Reservoirs

Aiba Reservoir, also known as the Iwo Water
Corporation, is located in Iwo, Osun State, Nigeria. The
reservoir was built with the primary purpose of providing
potable water to residents of Iwo and its surrounding
communities (Ogunbode ef a/ 2019). It lies between
longitudes 004° 11' and 004° 13" and latitudes 07° 38' and
07° 39' of the equator. The reservoir, one of the oldest in
southwestern Nigeria, was created on Ist June 1957. It
has a storage capacity of 1.91 billion cubic meters and is
supplied with fresh water from a catchment area of 54.39
square kilometres. Aiba Reservoir is 11.58 meters high,

stretches 455.2 meters in length, and has an average
depth of 0.75 meters.

Eko Ende Reservoir is located between latitudes
7°44' and 7°57'N, and longitudes 4°26' and 4°41'E, in the
Irepodun Local Government Area of Osun State,
Nigeria. The reservoir was formed by impoundment of
the Otin River, which was dammed in 1973. It has a
storage capacity of 5.5 million cubic meters and an
elevation ranging from 35m to over 400m above sea
level. The reservoir was built to supply potable water to
the communities of Oba, Eko-Ende, Okuku, Ikirun Eko-
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Ajala and Iragbiji. The reservoir has a mean annual
rainfall of approximately 1400mm, the wet season
extends from March to October, with torrential rains and
thunderstorms characterising its beginning and end
(Adediji and Ajibade 2008).

Asejire Reservoir is located in Oyo State, Nigeria,
approximately 30 kilometres east of Ibadan. It was
formed by the impoundment of the Osun River in 1972
and is located between latitudes 07°21'48"N to
07°26'84"N  and  longitudes  004°07'17"E  to
004°08'925"E. The reservoir has a catchment area of
approximately 23.42 square kilometres (2,342 hectares),
with a normal pool elevation of 150 meters and a
maximum flood elevation of 152.4 meters. Its surface
area spans about 24 square kilometres. The reservoir
supplies water to the Asejire and Osegere water
treatment plants in Ibadan, with a capacity of about 80
million litres per day, 80% of which is allocated for
domestic use. Asejire Reservoir was originally
constructed to supply water for domestic and industrial
purposes, but has also become a hub for fishing activities
(Asibor 2008).

Fish Sampling and collection of biological data

Samples of S. galilaeus were randomly collected from
the landings of commercial fishermen from Aiba and
Eko Ende Reservoirs in Osun State, and Asejire
Reservoir in Oyo State, Nigeria, between December
2023 and April 2024. Fifty samples were collected from
each reservoir, totalling 150. The samples were brought
to the laboratory in an ice chest and identified using keys
prepared by Paugy et al (2003). Twenty-five
morphometric measurements according to Dunz and
Schliewen (2010) were recorded on each fish using a
standard meter rule and digital vernier callipers (NEIKO
01407a). These measurements included Total Length
(TL), Standard Length (SL), Head Length (HL), Body
Depth (BD), Snout Length (SNL), Eye Diameter (ED),
Cheek Depth (CHD), Dorsal Fin Length (DFL), Anal Fin
Length (AFL), Length of Last Dorsal Spine (DSL),
Length of third Anal Spine (ASL), 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), Preorbital Distance (POD), Caudal Peduncle
Length (CPL), Caudal Peduncle Depth (CPD), Lower
Jaw Width (LJW), Pectoral Spine Length (PSL), Pre-
Anal Distance (PAD), and Distance of lower Jaw to
Pelvic Fin (PELD). Six meristic characters were counted
and recorded including: number of scales on the lateral
line, dorsal spine, dorsal ray, gill rakers, anal fin ray, and
anal fin spine.

Variable transformations and statistical analyses

The morphometric measurements of each fish were
transformed using the function of its standard length
according to Reist (1985) as follows:

Mo
Mn = (—) %

Where:

Mn is the new measurement
Mo is the original measurement, and SL is the
standard length.

This was done primarily to remove the bias that size
differences can introduce into the morphometric data.
The standardised morphometric measurements were
further converted to common logarithms to stabilise
variance and improve the normality of the data. The
meristic data were not standardised because meristic
traits are fixed early in development and are not
influenced by an increase in size (Masood et al 2015a).
The meristic data and size-adjusted morphometric data
were analysed using Canonical Variate Analysis (CVA)
on R (Candisc package). One-way Analysis of Variance
(ANOVA) was used to test for the variation in
morphometric and meristic characters among the three
fish populations. This was conducted on SPSS version
22.

Mean values of morphometric and meristic characters of
S galilaeus from the three reservoirs are presented in
Tables 1 and 2, respectively. One-way Analysis of
Variance revealed significant differences (p<0.05)
within and between groups for twenty out of the twenty-
four size-corrected morphometric measurements and two
meristic traits in the three populations of S. galilaeus.
The morphometric characters that exhibited significant
differences were total length, head length, body depth,
snout length, eye length, anal fin length, length of last
dorsal spine, length of the third anal spine, pelvic fin
length, pre-dorsal distance, upper lip length, lower jaw
length, lower lip length, pectoral fin length, preorbital
distance, caudal peduncle length, caudal peduncle depth,
lower jaw width, pectoral spine length, and pre anal
distance. This reveals a high level of heterogeneity in the
populations. Also, two of the six recorded meristic traits,
specifically the number of scales on the lateral line and
gill rakers, showed significant differences between the
three populations.

The CVA plot revealed a clear separation among the
three populations along the first two canonical axes (CV1
and CV2) at 95% confidence ellipses (Figure 2). The
biplot of the coefficients of the linear discriminants (LD1
and LD2) from the CVA displayed the weight of each
morphometric character and its contribution to the
separation of groups along the first two canonical axes
(Figure 3). Traits with high positive loadings on the CV1
included DFL (21.17), AFL (17.10), PELD (17.28), and
ED (10.51), while traits with high negative loadings were
TL (-48.95), HL (-16.21), LJL (-21.20), DSL (-17.12),
PecFL (-17.09). On the CV2, traits with high positive
loadings included PAD (27.37), PecFL (15.44), ED
(13.84), PSL (9.06), and PDD (8.59) while those with
high negative loadings included DFL (-29.59), LIL (-
19.34), and ChD (10.19). The CVA plot of the meristic
counts revealed a considerable level of homogeneity, as
the meristic characters largely overlapped among the
three populations (Figure 4).
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Table 1: Morphometric characters (mean) of Sarotherodon galilaeus

Morphometric Reservoirs
characters Aiba Eko-Ende Asejire
Total Length* 15.75 £ 1.06 14.47+1.23 13.77+1.15
Standard Length 12.64 +0.84 11.68+1.02 11.40+£ 091
Pre-anal Distance™ 8.63 £ 0.81 8.14 +0.80 7.55+0.65
Dorsal Fin Length* 7.11+£0.58 6.53 +£0.66 6.41 +£0.59
Body Depth* 5.27+0.35 4.43 £ 0.64 4.73+0.47
Distance Lower Jaw to Pelvic Fin 5.11 £0.31 476 £0.40 4.60+0.43
Pre-dorsal Distance 4.79+0.32 444 +£0.37 4.15+0.34
Pectoral Fin Length* 4.67+0.34 4.41+0.42 3.77+0.34
Head Length* 4.05+0.30 3.72+0.31 348 +0.28
Pelvic Fin Length* 3.74 £ 0.45 341+0.40 2.99+0.38
Anal Fin Length* 2.30+£0.18 2.18+£0.22 2.20+0.24
Length of Last Dorsal Spine* 2.24+0.18 2.03+£0.19 1.84+£0.16
Pelvic Spine Length* 2.04+0.16 1.92+0.17 1.67+0.19
Caudal Peduncle Length* 2.01 +£0.18 1.95+0.20 1.81 £0.24
Length of Third Anal Spine* 1.98+0.15 1.92+£0.31 1.64+£0.18
Caudal Peduncle Depth* 1.89 £ 0.19 1.82+0.19 1.74 £ 0.18
Snout Length* 1.60+0.19 1.36+£0.13 1.32+0.15
Lower Jaw Length* 1.44 +£0.15 1.08 £ 0.09 0.99 +0.08
Cheek Depth 1.38£0.14 1.23+0.13 1.21+£0.12
Pre-orbital Distance* 1.33+0.15 1.19+0.13 1.14+0.14
Upper Lip Length* 1.21+0.13 1.02 + 0.09 0.97 +0.09
Lower Jaw Width* 1.14+0.13 0.98 £0.08 0.91 £0.08
Lower Lip Length* 1.11+£0.11 1.02 £0.08 0.90+0.14
Lower Lip Width 1.08£0.13 1.01 £0.08 1.01£0.12
Eye Diameter* 1.07 +0.08 1.03 +0.06 0.93 0.07

*Indicates characters that are significantly different (p<0.05) between the populations

Table 2: Meristic counts (mean) of Sarotherodon galilaeus
Meristic counts Reservoirs

Aiba Eko-Ende Asejire

Number of Scales on Lateral Line* 2996+ 1.16 29.78 £ 1.02 27.82+0.77
Dorsal Fin Spine 16.14 £ 0.41 16 £0.35 16.02 +0.52
Dorsal Fin Ray 11.94 +0.37 12.06 £ 0.31 11.96 +0.20
Gill Rakers* 2484+ 1.15 24.82+1.21 23.48 £ 1.05
Anal Fin Ray 10.18 £ 0.39 10.36 £ 0.49 10.16 £ 0.37
Anal Fin Spine 3.00 £0.00 3.00 +0.00 3.00 +0.00

*Indicates traits that are significantly different (p<0.05) between the populations

Population

Aiba
Asejire

Eko Ende

-117
Ccwv1

Figure 2. Canonical variate analysis plot based on morphometric measurements of S. galilaeus, indicating the
differentiation pattern among the populations.
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In this study, CVA revealed clear morphological
divergence among S. galilaeus populations from Aiba,
Eko Ende, and Asejire Reservoirs. The spatial separation
and minimal overlap at 95% confidence ellipses for each
population indicate that the observed morphological
differences are statistically significant. Each population
formed a distinct cluster, showing that the morphometric
traits effectively discriminated among the three
populations. The separation along the first canonical axis
(CV1), which accounted for the greatest proportion of

variance, was strongly influenced by total length dorsal
fin length, anal fin length, lower jaw length, and pectoral
fin length. This suggests that these traits are the major
drivers of interpopulation divergence among the three
populations. The separation along the second axis (CV2)
was primarily driven by traits such as pre-anal distance,
pectoral fin length, and eye length. The strong
contributions of these traits, which are mostly related to
locomotion and feeding, indicate phenotypic plasticity in
response to localised environmental conditions, such as
food availability, prey-predator relationships, and habitat
structure. Wainwright and Richard (1995) noted that
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mouth morphology is closely linked to dietary
specialisation and foraging strategies in teleost fishes.

Morphological divergence resulting from adaptive
responses to different environmental pressures has been
widely reported in cichlid fishes and other freshwater
species (Wimberger 1992; Kassam et a/ 2003; Akindele
and Fagbuaro 2022). Moreover, the three populations
examined in this study are from reservoirs that were
impounded at different times in the past. River
impoundment constitutes a major disturbance to aquatic
ecosystems, causing fundamental changes in flow
regimes, which in turn alter the movement of migratory
species, especially fish (Dynesius 1994; Nilsson et al
2005; Downing et al 2006; Santos and Araujo 2015). The
construction of dams alters riverine connectivity, leading
to the isolation of fish populations (Pompeu and
Zambaldi 2020).

The pattern of morphological differentiation
observed in this study highlights the presence of a strong
barrier to gene flow resulting from the presence of dams,
which may have impacted the migratory routes of the
fishes. The distinct clustering observed here corroborates
findings that phenotypic traits can be significantly
shaped by geographic isolation and habitat variation,
both of which are prevalent in reservoir systems. Similar
patterns have been reported in other African freshwater
systems, where fish populations isolated by hydrological
barriers exhibit significant morphological divergence
(Franssen 2011; Foster et al 2014; Oladimeji and
Olaosebikan 2017).

The significant differences observed among the three
populations in most of the morphological traits examined
suggest that a high level of morphological heterogeneity
exists in the populations. This corresponds to the report
of Fagbuaro et al (2015), who noted significant
differences in the morphometric and meristic characters
of S. galilaeus sampled from three reservoirs (Ado-EKkiti,
Egbe and Ero) in Ekiti State, Nigeria. The findings of this
study contradict those of Oladimeji et a/ (2020), who
reported significant morphological homogeneity among
S. galilaeus populations from the Opa, Ero, and Asejire
Reservoirs in Southwest Nigeria, attributing this
similarity to the comparable climatic conditions across
the three reservoirs.

In this study, the meristic traits examined did not
reveal any significant differentiation among the three
populations. This is expected because most meristic traits
are fixed early in development and they do not respond
to environmental changes (Murta 2000; Oladimeji et al
2015).

Usually, morphological variations can result from
plasticity in response to the environment or from genetic
polymorphisms  (Sommer 2020). Morphological
variables that are under selection ultimately lead to
adaptive phenotypes and can promote the evolution of a
new species (Schluter and Rieseberg 2022). When
supported by genetic data, morphological differentiation
can provide early evidence of population structure,
which is crucial for the sustainable management of
stocks (Valladares et al 2024).

Therefore, it is important to investigate whether the
morphological differences observed in this study are
genetically related or short-term, environmentally
induced. Further studies involving high-resolution
genetic markers such as microsatellites and SNPS are
recommended to elucidate the genetic structure of the S.
galilaeus populations.

The observed morphological divergence in this study
underscores the importance of incorporating phenotypic
data in fish stock assessments and conservation planning.

The study revealed phenotypic plasticity by establishing
clear morphological differentiation among S. galilaeus
populations from Asejire, Eko Ende, and Aiba
Reservoirs. The population-specific morphological
differences revealed in this study could assist relevant
stakeholders in making informed decisions for
developing location-specific  strategies for the
sustainable utilisation and conservation of S. galilaeus.

The authors declare that there are no conflicts of interest.
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