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Accurate identification and understanding of fish 
populations are fundamental to ecological, behavioural, 
and fisheries management studies. Among fishes, 
morphometric and meristic analyses remain some of the 
most practical and reliable methods for distinguishing 

species and populations (Brraich and Akhter, 2015). Fish 
often exhibit considerable morphological variation both 
within and between populations, largely as a response to 
environmental factors such as habitat type, water quality, 

food availability, and temperature (Hussain et al., 2010). 
Morphometric characteristics therefore provide useful 
indicators of environmental adaptation, stock structure, 
and population health, serving as valuable tools for 

sustainable fisheries management (Mojekwu & 
Anumudu, 2015).

INTRODUCTION

Kano State is endowed with approximately 26 man-made 
reservoirs, ranging from small impoundments of a few 
hectares to large water bodies extending up to 17,000 

hectares (Yahaya et al., 2024). These reservoirs were 
originally constructed to provide water for irrigation, 
domestic use, livestock rearing, and flood control 

(Ahmad & Haie, 2018; Shanono et al., 2023). Over time, 
they have evolved into important fishing grounds that 
support rural livelihoods and provide a major source of 
animal  prote in  for  surrounding communit ies 

(Muhammad et al., 2018). 

Tilapia-a common name for several species of cichlids 
belonging to the genera Oreochromis, Sarotherodon, and 
Tilapia-is widely distributed across Africa's freshwater 

and brackish ecosystems (Ahmad et al., 2021; Canonico 
et al., 2005). These species are among the most important 
cultured and wild-caught fishes on the continent due to 
their adaptability, fast growth, and thus contribution to 
food security. In some reservoirs of Kano State, Tilapia 
species constitute between 12.0% and 67.9% of the total 
fish assemblage, highlighting their ecological and 

economic importance (Abdul-Azeez et al., 2024; Attah et 
al., 2023; Suleiman et al., 2018). Despite this significance, 
there remains a dearth of published studies on the eco-
morphological differentiation of Tilapia populations in 
Kano's reservoirs, leaving a gap in understanding how 
environmental variation among these water bodies 
influences population structure and adaptation.

This  s tudy therefore  a ims to  invest igate  the 
morphological differences of Tilapia species across 
selected reservoirs in Kano State, Nigeria, that can be 
linked to their environment. By examining morphometric 
variation in relation to different environmental settings, 
the study seeks to identify potential habitat-driven 
phenotypic differentiation within Tilapia populations. 
The findings will provide insights into how environmental 
heterogeneity shapes morphological traits, contributing to 
effective conservation and management of fish 
biodiversity in the region's reservoirs.
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Morphological differentiation among intra-specific fish populations often depicts their living conditions directly 
influenced by differences in their environmental conditions. This study evaluates the eco-morphological 
differentiation of three commercially significant cichlids (Oreochromis niloticus, Sarotherodon galilaeus, and 
Coptodon zillii) across five heterogeneous reservoirs (Kanye, Tiga, Thomas, Bagwai, and Pada) in Kano State, 
Nigeria. Morphometric data from 270 fish specimens (n=30 per population) were characterized using thirteen 
body traits to assess phenotypic plasticity. Results indicated distinct habitat-induced size structuring: O. niloticus 
in the large Tiga and Kanye reservoirs displayed robust growth forms (i.e., mean Total Length 18.2–19.2 cm, Body 
Depth 6.09-6.22cm), whereas S. galilaeus in the smaller Thomas Reservoir exhibited significant (P<0.05) 
stunting growth (mean TL 10.7 cm, Body Depth 3.90cm ), a possible indication of life-history trade-offs driven by 
spatial limitation and potential fisheries-induced evolution. Following allometric adjustment, Multivariate 
Analysis of Variance (MANOVA) and Linear Discriminant Analysis (LDA) confirmed significant population 
divergence (P < 0.05). Key discriminatory traits included Caudal Peduncle Depth (CPD), Body Depth (BD), and 
Head Length (HL), reflecting possible functional adaptations to ecological imbalance, and trophic niches. The 
observed phenotypic patterns clearly demonstrate that the reservoir populations function as distinct management 
units. These findings advocate for site-specific conservation strategies that takes into account for the local stock 
health and evolutionary pressures
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The study was carried out across five reservoirs located in 
different parts of Kano State, Northern Nigeria. These 

MATERIALS AND METHOD
Study Area

reservoirs vary considerably in size, age, and hydrological 
characteristics, representing some of the most important 
inland water resources supporting fisheries in the region 
(Table 1).

Table 1: Information on the different reservoir waterbodies

NA=Not available

Fish sampling and identification
Thirty fish specimens of each species out of the three 
Cichlid fish used in this study were randomly collected per 
water body. The sampling per species was replicated in 
three different reservoirs, representing nine populations 
all together. The three Tilapia species identified are; 
Oreochromis niloticus, Sarotherodon galilaeus, and 
Coptodon zillii. Samples were obtained from the catches 
of artisanal fishermen at the respective landing sites. 
Immediately after collection, fish were placed in ice-
packed coolers and transported to the Fish Biology 
Laboratory, Department of Fisheries and Aquaculture, 

Morphometric Measurements

Bayero University, Kano, for morphometric analysis. 
Species identification and classification were carried out 

using the fish identification guide of Olaosebikan and Raji 
(1998).

Thirteen morphometric characters were measured from 
the left side of each fish specimen using a measuring ruler, 
Vernier caliper, and divider to the nearest centimeter. All 
measurements were carefully recorded in Microsoft Excel 
(2016). The measured morphometric features and their 
descriptions are presented in Table 2.

Table 2: Description of the various morphometric features used for the Study
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M  is the size corrected measurementadj

Box plots were constructed to detect outliers, and Q–Q 
plots were used to assess data normality. To minimize 
size-related variation, all morphometric variables were 

adjusted using the allometric method of –Elliott et al. 
(1995):

Data Analysis 

Where; 
M is the original measurement 

 Ls is the overall mean of the standard length of all fish, Lo 
is the standard length of each fish, and b is the regression 
slope of log M on log Lo. 

Multivariate Analysis of Variance (MANOVA) was 
conducted to find significant difference (P<0.05) among 
the morphometrics. Where significant difference exists, 
Univariate Analyses of Variance (ANOVA) and Fisher-
LSD Post hoc tests of pairwise comparison were 
employed.  Linear discriminant analysis (LDA) plot was 
made to visualize the population (s) with distinct 
morphometrics. All statistical analyses were performed 

using the R statistical software (R Core Team, 2019).

Figure 1: Diagram Showing the Studied Morphometrics

Summary statistics for the morphometric characters of 
Oreochromis niloticus populations from Bagwai, Kanye, 
and Tiga reservoirs are presented in Table 3. The 
population from Kanye Reservoir exhibited the highest 
mean values across the majority of morphometric traits. 
However, lower mean values were recorded in Kanye for 
Post-Orbital Depth (POD, mean=1.70, range=1.4-2.1), 
Caudal Peduncle Depth (CPD, mean=1.68, range=1.68-
1.0-2.3), Caudal-anal distance (CAD, mean=1.6, 
range=1.2-2.3) and Body Depth (BD, mean=16.09, 
range=4.8-7.8) compared to the other two populations.

A Multivariate Analysis of Variance (MANOVA) 
revealed a statistically significant differentiation among 
the three O. niloticus populations [Pillai's Trace = 0.47, 
F(22, 132) =1.8649, P < 0.05]. Subsequent Univariate 
Analysis of Variance (ANOVA) confirmed that this 
morphological differentiation was driven by significant 
variation in five specific characters (Table 4): POD, 

RESULTS
Morphometric variation in Oreochromis niloticus

Fisher's Least Significant Difference (LSD) post-hoc tests 
indicated that the Kanye Reservoir population was the 
most morphologically distinct, showing significant 
divergence (P<0.05) from the Bagwai and Tiga 
populations, particularly in caudal and depth-related 
traits. This separation was visually corroborated by the 
Linear Discriminant Analysis (LDA) scatter plot (Figure 
2). Analysis of the variable contributions (Table 5) 
indicated that CPD and BD were the primary 
discriminating variables contributing to the separation 
along the first (LDA 1) and second (LDA 2) canonical 
axes, respectively.

Dorsal-Anal Distance (DAD), CPD, CAD, and BD.
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Table 3: Summary Statistics of the morphometrics of O. niloticus fish Populations.

TL= Total length, SL= Standard length, POD= post-orbital distance, PDD= pre-dorsal distance, HL= Head length, 
PPD= pre-pelvic distance, PPED= Pre-pectoral distance, PAD= pre-anal distance, DAD= Dorsal-anal distance, 
DFBL= Dorsal Fin Base Length, CPD= Caudal peduncle distance, CAD= Caudal-anal distance and BD= Body 
distance

Table 4: Pairwise comparison post hoc tests between morphometrics of O. niloticus populations from the three water 
bodies.

POD= post-orbital distance, PDD= pre-dorsal distance, HL= Head length, PPD= pre-pelvic distance, PPED= Pre-
pectoral distance, PAD= pre-anal distance, DAD= Dorsal-anal distance, DFBL= Dorsal Fin Base Length, CPD= 
Caudal peduncle distance, CAD= Caudal-anal distance and BD= Body distance

Figure 2: Linear Discriminant scatter plot of the three O. niloticus populations' morphometrics



	
	

©Fisheries Society of Nigeria   ||   3324

This work is licensed under a 
Creative Commons Attribution - 4.0 
International Public License (CC - BY 40) 

ABDUL-AZEEZ, H., A. M. SULEIMAN, M.U. AMINU, Z.R. MUDI, F.B. ABUBAKAR, A.D. SAIDU,
 A. Y.U. MUSA, M. J. ABDURRASHEED AND A. A. ABDULRASHEED

 TL= Total length, SL= Standard length, POD= post-orbital distance, PDD= pre-dorsal distance, HL= Head length, 
PPD= pre-pelvic distance, PPED= Pre-pectoral distance, PAD= pre-anal distance, DAD= Dorsal-anal distance, 
DFBL= Dorsal Fin Base Length, CPD= Caudal peduncle distance, CAD= Caudal-anal distance and BD= Body 
distance

Table 5: Contribution of the O. niloticus populations' morphometrics to the linear discriminant's axis

POD= post-orbital distance, PDD= pre-dorsal distance, HL= Head length, PPD= pre-pelvic distance, PPED= Pre-
pectoral distance, PAD= pre-anal distance, DAD= Dorsal-anal distance, DFBL= Dorsal Fin Base Length, CPD= 
Caudal peduncle distance, CAD= Caudal-anal distance and BD= Body distance

Summary statistics for the morphometric characters of 
Sarotherodon galilaeus populations sampled from Pada, 
Kanye, and Thomas reservoirs are presented in Table 6. A 
distinct pattern was observed where the Thomas reservoir 
population consistently exhibited the lowest mean values 
across all measured traits. Conversely, the Kanye 
population recorded the highest mean values for most 
morphometric characters, with the exception of Caudal-
Anal Distance (CAD), where the Pada population 
displayed comparable values (Mean = 1.4; Range = 
1.0–1.7).

Morphometric variation in Sarotherodon galilaeus

Multivariate Analysis of Variance (MANOVA) indicated 
a statistically significant differentiation [Pillai's Trace = 
0.97, F(22, 156) =6.61, P < 0.05] among the populations 
based on location. Subsequent Univariate Analysis of 
Variance (ANOVA) and Fisher's Least Significant 

Difference (LSD) post-hoc tests revealed significant 
differences (P<0.05) for every individual morphometric 
variable among the three populations (Table 7).

The morphological distinctness of the populations was 
visually corroborated by the Linear Discriminant 
Analysis (LDA) scatter plot (Figure 3). Analysis of the 
variable contributions to the canonical axes (Table 8) 
indicated that Pre-Dorsal Distance (PDD) and Caudal 
peduncle Distance (CPD) were the primary drivers of 
separation along the first axis (LD1). Conversely, Dorsal 
Fin Base Length (DFBL) contributed most significantly to 
the second axis (LD2). Overall, the S. galilaeus 
population from Thomas Reservoir displayed the greatest 
degree of morphological divergence when compared to 
populations from the Pada and Kanye reservoirs (Figure 
3).

Table 6: Summary Statistics of the morphometrics of S. galilaeus Populations.
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POD= post-orbital distance, PDD= pre-dorsal distance, HL= Head length, PPD= pre-pelvic distance, PPED= Pre-
pectoral distance, PAD= pre-anal distance, DAD= Dorsal-anal distance, DFBL= Dorsal Fin Base Length, CPD= 
Caudal peduncle distance, CAD= Caudal-anal distance and BD= Body distance

Table 7: Pairwise comparison post hoc tests between morphometrics of S. galilaeus populations.

POD= post-orbital distance, PDD= pre-dorsal distance, HL= Head length, PPD= pre-pelvic distance, 
PPED= Pre-pectoral distance, PAD= pre-anal distance, DAD= Dorsal-anal distance, DFBL= Dorsal Fin 
Base Length, CPD= Caudal peduncle distance, CAD= Caudal-anal distance and BD= Body distance

Figure 3: Linear Discriminant scatter plot of the three S. galilaeus populations' morphometrics.

Table 8: Contribution of the S. galilaeus populations' morphometrics to the linear discriminant's axis
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Multivariate Analysis of Variance (MANOVA) indicated 
no statistically significant differentiation among the C. 
zillii populations based on location [Pillai's Trace = 0.37, 
F(22, 156) =1.59, P >0.05]. However, the Linear 
Discriminant Analysis (LDA) scatter plot (Figure 4) 

Morphometric variation in Coptodon zillii
Summary statistics for the morphometric characters of 
Coptodon zillii populations sampled from Pada, Kanye, 
and Thomas reservoirs are presented in Table 9. A clear 
morphological gradient was observed: the Kanye 
population exhibited the highest mean values across all 
measured traits, whereas the Pada population consistently 
recorded the lowest mean values.

depicts separation of the morphometrics of the 
populations in diverse clusters. Analysis of the variable 
contributions to the canonical axes (Table 10) identified 
Head Length (HL) and Caudal Peduncle Depth (CPD) as 
the primary contributors to the first axis (LD1). 
Conversely, Pre-Dorsal Distance (PDD), Pre-Pectoral 
Distance (PPD), Dorsal-Anal Distance (DAD), and 
Dorsal Fin Base Length (DFBL) exhibited the highest 
contributions to the second axis (LD2). Consistent with 
these findings, the C. zillii population from Kanye 
Reservoir displayed the most distinct morphological 
divergence compared to the populations from the Pada 
and Thomas reservoirs.

Table 9: Summary Statistics of the morphometrics of C. zillii fish populations

TL= Total length, SL= Standard length, POD= post-orbital distance, PDD= pre-dorsal distance, HL= Head length, 
PPD= pre-pelvic distance, PPED= Pre-pectoral distance, PAD= pre-anal distance, DAD= Dorsal-anal distance, 
DFBL= Dorsal Fin Base Length, CPD= Caudal peduncle distance, CAD= Caudal-anal distance and BD= Body 
distance

Figure 4: Linear Discriminant scatter plot of the three C. zillii populations' morphometrics
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The morphological analysis of Oreochromis niloticus 
indicated a distinct "allometric decoupling" in the Kanye 
Reservoir population. Despite exhibiting the highest 
mean values for most linear traits, this population 
recorded significantly (P<0.05) lower values for depth-
related metrics-specifically Body Depth (BD), Caudal 
Peduncle Depth (CPD), and Post-Orbital Depth (POD). 
This results in a markedly fusiform (elongated) 
phenotype, contrasting with the robust, deep-bodied 

forms observed in Tiga and Bagwai (Price et al., 2019).

DISCUSSION

This "long but slender" profile strongly of the Kanye 
Reservoir population suggests a physiological trade-off 

induced by environmental stress (Akin & Geheber, 2020). 
Given that Kanye Reservoir's documented high level of  

metal pollution (Abdullahi et al., 2018), the metabolic 
costs of removing toxins likely reduces energy that could 
be available for lateral muscle growth, leading to the 

observed body thinning (Farooq, 2024). Functionally, the 
reduced caudal peduncle depth may be an indicative of 
compromise in sprinting ability where the streamlined 
shape of the population may offer a compensatory benefit 
by reducing drag, optimizing energy efficiency for 

The present study investigated morphometric differences 
among populations of three economically important 
cichlid species-Oreochromis niloticus, Sarotherodon 
galilaeus, and Coptodon zillii-inhabiting five reservoirs in 
Kano State. Our findings consistently indicated 
significant morphological differentiation among 
populations of all the three species across the sampled 
reservoirs, indicating a strong influence of geographical 
location and associated environmental factors on their 
body shape. The results aligns with numerous studies 
reporting high levels of morphological plasticity and local 
adaptation in cichlids in response to varying 

environmental conditions (Kwikiriza et al., 2023; Ndiwa 
et al., 2016).

foraging in a turbid, resource-limited environment 

(Cooke et al., 2022). Consequently, the Kanye phenotype 
should be interpreted as a stress response rather than a sign 
of optimal health.

Populations of Sarotherodon galilaeus exhibited 
significant differences driven by location, with the 
Thomas Reservoir population showing the most 
pronounced divergence. The Linear Discriminant 
Analysis revealed that a broad set of traits-including Pre-
Dorsal Distance (PDD), Pre-Pectoral Distance (PPD), and 
Body Depth (BD)-contributed to this variation. This 
broad-scale variation likely reflects varying resource 

availability and predatory pressures (Williams et al., 
2017). Specifically, the smaller morphotypes observed in 
Thomas Reservoir population may result from a 
combination of spatial limitation and fisheries-induced 
evolution, where high fishing pressure in a confined 
environment favours early maturation at smaller sizes 

(Burns et al., 2024). Furthermore, variations in diet 
composition might likely favour variations in mouth 
position and head shape, while varying levels of piscivory 
influence overall body depth for escape behaviour 

(Bonato et al., 2017; Heynen et al., 2017).

As no significant differentiation was detected among 
Coptodon zillii populations nevertheless the Kanye 
Reservoir population displayed little divergence from 
Pada and Thomas populations. The key contributing traits 
identified in the LDA, Head Length (HL) for LD1; PDD 
and DAD for LD2 point towards adaptations in the 
feeding apparatus. Head length is critically associated 
with feeding ecology, particularly in cichlids known for 

dietary flexibility (Bonato et al., 2017).. The divergence in 
HL suggests that distinct feeding niches exist; the 
dominance of macrophytes or harder detrital matter might 
likely drive specific adaptations in jaw morphology or gill 
raker structure of Kanye Reservoir to maximize energy 

intake (Podder et al.,, 2021).

Table 10: Contribution of the S. galilaeus populations' morphometrics to the linear discriminant's axis

POD= post-orbital distance, PDD= pre-dorsal distance, HL= Head length, PPD= pre-pelvic distance, PPED= Pre-
pectoral distance, PAD= pre-anal distance, DAD= Dorsal-anal distance, DFBL= Dorsal Fin Base Length, CPD= 
Caudal peduncle distance, CAD= Caudal-anal distance and BD= Body distance
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While this study clearly demonstrates influence of 
location differences on morphological divergence, it is 
important to acknowledge certain limitations. First, the 
analysis focused primarily on morphometric traits; 
incorporating meristic counts or genetic analyses would 
have provided a broader understanding of population 
structure. Second, while effect of location is evident, 
specific environmental parameters (e.g., precise water 
flow rates, predator abundance, and primary productivity) 
were not quantitatively linked to the observed 
morphological divergent in a multivariate regression. 
Finally, sample sizes per reservoir, while adequate for 
statistical analyses, could be extended to capture a broader 
range of intra-population variation.

Limitations and Future Research

CONCLUSION
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