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Abstract 
River impoundment has constituted a major disturbance to aquatic ecosystems worldwide by transforming rivers into 

reservoirs; this in turn has resulted in adaptive changes in the morphology of native species. To determine the potential 

effect of impoundment on the morphological characters of Brycinus macrolepidotus, the morphological variation 

between its populations associated with the river and reservoir areas along the Osun River was compared. In total, 

eighty (80) specimens were collected from the study areas and measured using standard procedures. Statistical 

procedures such as the student T-test, and principal component analysis (PCA) were performed on the morphometric 

and meristic data using SPSS and PAST software respectively. The T-test analyses revealed that the body depth, snout 

length, eye diameter, pelvic fin length, pre-anal length, pectoral-fin ray, pelvic-fin ray, and scales above the lateral 

line varied significantly (P<0.05) between the two populations. However, the PCA comparing the two populations 

revealed low differentiation for most characters. The observed changes in some morphological features between 

Brycinus macrolepidotus populations have implications for the adaptation of the fishes to the environmental changes 

imposed by the impoundment of the Osun River.
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Introduction 

Brycinus macrolepidotus also known as the true big-scale tetra (Valenciennes, 1850) is located within the 

family Alestidae, a group of African characiforms. Like other "African characids", they were formerly 

included in Characidae but are more distantly related phylogenetically (Froese et al., 2016). Brycinus 

species are commonly found in freshwater bodies and they thrive well in both lacustrine and riverine 

conditions; as it is common with most freshwater fishes (Olurin and Aderibigbe, 2006).   

Morphological variation in fishes is completely related to many aspects of their ecology; including 

locomotion, space resource limitations, and foraging tactics, and it can be used to indicate the functional 

diversity of fish assemblages (Ignam, 2015). Fishes have been reported to exhibit different morphologies 

in adaptation to different environmental conditions (Agbebi et al., 2009; Oladimeji et al., 2017; Oladimeji 

et al., 2020). 

More than any other vertebrate, fishes show greater variations in morphological characteristics, both within 

and between populations, due to their high phenotypic flexibility (Cabral et al., 2003; Hossain et al., 2010; 

Mohaddasi et al., 2013; Jalili et al., 2015). However, prevailing environmental conditions during the early 

life history stages of an organism have been reported to influence and/or determine largely the shape and 

morphology of that organism (Pinheiro et al., 2005; Radojkovic et al., 2018). Also, adaptive selection may 

result from flexibilities in morphological characteristics in response to different environmental conditions 

and ecological demands (Swain and Foote, 1999; Anvarifar et al., 2011; Gaston and Lauer, 2015; Silva et 

al., 2016).  

River impoundment has constituted a major disturbance to aquatic ecosystems worldwide (Dynesius, 1994; 

Nilsson et al., 2005; Downing et al., 2006; Santos and Araújo, 2015). It causes fundamental changes in the 
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natural landscapes by transforming rivers into reservoirs which in turn have accompanying ecological and 

evolutionary effects on native species (Hendry et al., 2002; Langerhans et al., 2003; McGuigan et al., 2003; 

Haas et al., 2010; Araújo et al., 2013; Franchi et al., 2014). The most pronounced effects of impoundments 

on aquatic organisms, especially fish, are a reduction in genetic diversity and adaptive changes in the 

morphology of native species (Myers, 2001; Anvarifar et al., 2011). Continuous reduction in genetic 

diversity as a result of restriction to gene flow may threaten populations or in extreme cases, lead to 

population extinction if not properly monitored and controlled. Several studies have reported habitat-

specific morphological differentiations in fish populations (Oladimeji and Olaosebikan, 2017, Ola-

Oladimeji et al., 2017, Oladimeji et al., 2020); especially with regard to the impoundment of rivers (Haas 

et al., 2010; Hendry et al., 2002; Langerhans et al., 2003). Haas et al. (2010) reported significant differences 

in the morphology of Cyprinella venusta inhabiting reservoirs from those inhabiting streams. They found 

that those inhabiting reservoirs were deeper-bodied and had a smaller head, a more anterior dorsal fin, a 

shorter dorsal-fin base, and a more ventral position of the eye than those in streams.  

However, there is a lack of information regarding the morphological responses of B. macrolepidotus 

populations associated with its occurrence along the perturbed Osun River, which is a UNESCO world 

heritage site and one of the longest rivers in Nigeria, with an extension of about 267 km (Anifowose and 

Oyebode, 2019). The objective of this study, therefore, is to determine the morphological differences 

between B. macrolepidotus populations sampled from the Osun River and its reservoir site in Asejire, 

Nigeria.  

Materials and Methods 

Description of the study site  

The study was carried out in the Osun River and Asejire reservoirs, respectively in Osun and Oyo States, 

Nigeria. The Osun River whose source is from Igede Ekiti, Ekiti State, Nigeria; runs through Osun groove 

with its mouth located at the Lekki Lagoon and was impounded at Asejire, Oyo State in the late 1960s 

purposely for portable water supply to the people of Ibadan and its environs. The portion of the River around 

Owode-Osogbo, Osun State, Nigeria, where the study was carried out is located between 07ᵒ74'81''N and 

004ᵒ63'18''E whereas the Asejire Reservoir is located within 07ᵒ21'45''N and 004ᵒ80'0" E (Figure1).  

Fish collection, identification, and morphometric analysis 

Forty specimens of Brycinus macrolepidotus were collected from each sampling site using gill and cast 

netting methods. Specimens were identified using identification keys prepared by Paugy et al. (2003). 

Eighteen (18) morphometric characters according to Adeosun et al., 2019 with some modifications were 

measured to the nearest centimeter with digital Vernier calipers and standard meter rule in all 80 fish 

specimens. The measured characters include total length (Tl), standard length (Sl), head length (Hl), body 

depth (Bd), snout length (Snl), eye diameter (Ed), pre-anal length (Pal), pre-pectoral length (Ppl), longest 

dorsal-fin ray length (Ldfr), pelvic-fin length (Pfl), pectoral-fin length (Pecfl), caudal-peduncle length 

(Cpl), caudal-peduncle depth (Cpd), pre-dorsal length (Pdl), anal-fin base length (Afbl), dorsal-fin base 

length (Dfbl), caudal-fin length (Cfl) and pre-pelvic length (Ppel). Seven meristic characters were counted 

and recorded on each specimen. The counted meristic characters include dorsal-fin rays, anal-fin rays, 

pectoral-fin rays, pelvic-fin rays, number of scales on the lateral line, number of scales above the lateral 

line, and number of scales below the lateral line.  

Statistical analysis  

The morphometric measurements were standardized to fish size according to Reist (1985). This was done 

to remove the effect of size such that the comparative variation in morphology of the fish populations can 

be determined independently of size. Hence, the percentage of the standard length was used to remove the 

effect of size as follows: 

Mn =  
𝑀𝑜

𝑆𝐿
 %, where: 

Mo is the original measurement; and SL is the standard length.  
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Figure1: Map of Osun River showing Asejire reservoir 

The new data set obtained for each of the measurements (Mn), which excludes standard length was further 

transformed to a common logarithm because linearity and normality are better approximated by logarithm 

rather than by original variables (Hair et al., 1998). The transformed data set was used for the final analysis. 

Data generated were expressed as mean ±SEM. The data was subjected to Kolmogrov-Smirnov and 

Shapiro-Wilk tests to check for the normality of the data set. T-test was carried out on the morphometric 

and meristic characters of the fish specimens to determine the significant variation for each trait between 

the two localities when P < 0.05. Principal Component Analysis (PCA) was also used to determine the 

morphological variation between the two populations.  Factor loadings based on Eigenvalues in the PCA 

were used to determine the morphometric factors that can discriminate between the two populations. These 

analyses were carried out using SPSS (version 25.0) and PAST Software. 

Results  

The analyses performed to compare the fish specimens revealed that 5 out of the 17 analyzed morphometric 

characters varied significantly (P < 0.05) between the two localities (Table 1). The characters showing more 

variation, as shown in the table include the body depth (t=2.691; P=0.009), the snout length (t=6.946; 

P=5.33E-10), the eye diameter (t=2.278; P=0.030), pelvic fin length (t=2.568; P=0.014), and the pre-anal 

length (t=4.962; p=1.41E-5). Also, the counts such as the pectoral-fin rays, pelvic fin rays (t= -3.592, 

P=0.0009; t= 2.210, P=0.031 respectively), and the scales above lateral line (t= -4.080; P=0.00021) were 

found to be significantly different (P < 0.05) meristic characters between the two populations (Table 1). 

The populations of B. macrolepidotus examined were not grouped separately along the PCA in both the 

morphometric and meristic comparisons (Figure 2 and Figure 3, respectively). However, factor loadings 

based on the PCA showed the caudal peduncle length as the most contributing morphometric character to 

the variance of the fish specimens between the two populations, with the highest loading value of 0.4597. 



Oladimeji et al 2023, Genet. Biodiv. J, 2023; 7 (2): 130- 140 

DOI: 10.46325/gabj.v7i2.324 

133 

The snout length had the second-highest loading value of 0.4107 (Figure 4). The meristic character with 

the highest loading value in the PCA is several lateral line scales, loading (0.7759) (Figure 5).  

Table 1. Comparison of morphometric and meristic characters between Brycinus macrolepidotus 

populations from the Osun River and Asejire Reservoir  

Parameter Osun River Asejire Reservoir t-test P-Value 

Total Length 124.77 ±0.93 123.58 ±0.57 1.094 0.284 

Head Length 24.03 ±0.46 23.05 ±0.26 1.819 0.084 

Body Depth 39.92 ±0.85 28.49 ±0.31 2.691 *0.009 

Snout Length 9.10 ±0.24 7.05 ±0.16 6.946 *5.33E-10 

Eye Diameter 7.85 ±1.59 7.34 ±0.17 2.278 *0.030 

Pelvic Fin Length 20.56 ±0.32 199.58 ±0.27 2.568 *0.014 

Pectoral Fin Length 22.06 ±0.54 21.16 ±0.32 1.427 0.165 

Caudal Fin Length 26.42 ±0.59 26.32 ±0.45 0.137 0.893 

Pre-Pectoral Fin Length 23.94 ±0.42 24.54 ±0.35 -1.312 0.197 

Pre-Pelvic Length 50.91 ±0.79 49.50 ±0.59 1.455 0.154 

Pre-Anal Length 78.77 ±1.43 71.11 ±0.90 4.962 *1.41E-5 

Longest Dorsal-Fin Ray Length 19.58 ±0.46 19.83 ±0.24 -0.576 0.567 

Dorsal Fin Base Length 10.75 ±0.24 10.20 ±0.16 1.768 0.083 

Caudal Peduncle Length 15.89 ±0.56 15.05 ±0.61 0.917 0.366 

Caudal Peduncle Depth 12.12 ±0.19 12.10 ±0.34 0.053 0.967 

Anal Fin Base Length 15.01 ±0.28 14.63 ±0.27 0.966 0.339 

Pre Dorsal Length 59.82 ±0.96 58.39 ±0.60 1.192 0.241 

Dorsal Fin Ray 8.40±0.11 8.58±0.12 -1.0694 0.291 

Anal Fin Ray 13.75±0.14 14.23±0.20 -1.910 *0.060 

Pectoral Fin Ray 10.08±0.19 11.10±0.24 -3.592 *0.0009 

Pelvic Fin Ray 9.48±0.181.33 9.00±0.17 2.21 *0.03 

Lateral Line Scale 20.88±0.17 21.03±0.40 -0.349 0.728 

Scales Above Lateral Line 9.48±0.16 10.3±0.16 -4.080 *0.00021 

Scales Below Lateral Line 8.60±0.15 8.93±0.19 -1.29 0.204 

*P < 0.05 

Figure 2. Principal components analyses based on 17 morphometric characters of Brycinus 

macrolepidotus showing an overlap of data from the two study locations; the Osun River (blue) and 

Asejire Reservoir (Red) 
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Figure 3. Principal components analyses based on seven meristic counts of Brycinus 

macrolepidotus between the two studied locations; Osun River (Green) and Asejire Reservoir (red). 

Figure 4. Respective B. macrolepidotus morphometric characters and their loadings on PCI of the 

Principal Component Analysis 

Key: A =  Total length (TL), B = Head length (HL), C  = body depth (BD), D =Snout length (SNL), E = Eye 

diameter (ED ), F = pelvic fin length (PFL), G = Pectoral fin length (PEFL), H= Caudal fin length (CFL), I 

= Pre pectoral fin length (PPEFL), J= pre pelvic length (PPFL), K= pre anal length (PAL), L= longest dorsal 

fin ray length (LDFRL), M = dorsal fin base length (DFBL), N =caudal peduncle length (CPL), O= caudal 

peduncle depth (CPD), P = anal fin base length (AFBL), Q = pre dorsal length (PDL). 
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Figure 5. Respective B. macrolepidotus meristic characters and their loadings on PCI of the Principal 

Component Analysis 

Key: A= Dorsal fin rays, Anal fin rays, Pectoral fin rays, Pelvic fin rays, Number of scales on the lateral line, 

Number of scales above the lateral line, Number of scales below the lateral line. 
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Discussion 
The morphological variation of B. macrolepidotus from two waterbodies artificially separated along the 

same drainage (the Osun River and Asejire Reservoir) was investigated in this study using morphometric 

and meristic characters. It has been established that water impoundment poses ecological difficulties to 

native species that are capable of responding to the barrier (dam), which changed the condition of the 

waterbody from lentic to lotic (Haas et al., 2010; Franssen, 2011; Foster et al., 2015). Studies have also 

shown that morphological characteristics can show high flexibility in response to differences in 

environmental conditions (Gianneto et al., 2013; Pompei et al., 2016; Radojkovic et al., 2018). This study, 

adds to the existing body of knowledge that the impoundment of rivers has a significant effect on the 

morphology of native fish species inhabiting the water body. In this study, univariate analysis was able to 

identify five morphometric and three meristic characters that vary significantly between the two 

populations.  

The morphological differences observed between the reservoir and river populations of Brycinus 

macrolepidotus correspond to characters that have a direct impact on fitness (Langerhans and Reznick 

2010). This implies that the change from the lotic (flowing river) to the lentic (reservoir) condition of the 

water body significantly impacted the morphological characters of the fishes. The variation observed in the 

morphometric and meristic data agrees with the findings of Mian et al. (2014) and Khayyami et al. (2015) 

that partial or complete isolation of fish groups within a species can result in notable differences in 

morphological variables. However, the significant variation observed in the meristic counts of B. 

macrolepidotus populations disagrees with the submissions made by Murta (2000), Oladimeji et al. (2015), 

and Oladimeji and Olaosebikan (2017) that meristic characters do not show significant differences among 

populations when compared to morphometric characters; and thus may not be conclusively used to 

differentiate populations. The significant differences in the meristic characters observed in this study could 

be due to the differences in the prevailing ecological or evolutionary condition in the waterbody that brings 

about the observed changes in the studied fish populations. 

Significant differences observed in the snout length and eye depth between the two fish populations could 

be attributed to ecological differences, primarily in fish feeding. Types of diet and availability of fish food 

in different habitats have been documented as a factor that influences or increases variation in the 

morphological characteristics of fish, such as mouth position and head size (Sapounidisa et al., 2015; 

Radojkovic et al., 2018).  

Also, fishes inhabiting environment with highly predatory organisms usually exhibit increased 

morphological changes; especially the body depth and caudal peduncle which helps to increase the chances 

of rapid movement or burst swimming to avoid predation (Gianetto et al., 2013; Santos and Araujo, 2015). 

Fishes from flowing waterbodies have been observed to have lower body depth and a sharper snout with a 

more spindle shape than fishes from the reservoir (Franssen 2011; Franssen et al., 2013). This body shape 

enables them to resist drag because a fusiform shape reduces resistance in aquatic environments, allowing 

effective population and maintenance of velocity at lower energy costs (Foster et al., 2015). Therefore, the 

decreased body depth observed in the reservoir population in this study is presumed to be adaptive to 

enhance high swimming speed and mobility relative to a more streamlined body which is more 

advantageous in a lotic environment. This is consistent with the report of Haas et al. (2010), who found 

significant morphological differences between the body depth and some fins of Cyprinella venusta 

inhabiting reservoirs and those inhabiting streams in the southeastern United States. Similarly, the findings 

of this study also conform to the findings of Cureton and Broughton (2014), who reported gross 

morphological changes, after the construction of a dam; in a North American stream fish, P. vigilax 

populations in each of seven different rivers. The authors observed significant changes in body depth, head 

shape, and fin placement in the fishes; compared to the populations that occupied the rivers before dam 

construction. The significant differences recorded on the fins (pelvic-fin length, pre-anal length, pelvic-fin 

rays and pectoral-fin rays) of B. macrolepidotus, in this study could be associated with adaptive changes 

related to locomotion.  
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Conclusions 
The result from this study suggests that the observed differences between the fish populations from the river 

site and reservoir site of the Osun River could be partly attributed to river damming, which acts as a stressor 

and with time, may permanently alter the system, moving them into a new ecological zone.  
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