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ABSTRACT

Tilapia are diverse species with high similarities within and among genera, hence, they can easily be misidentified using a
Jfew body features. Wrong identification of fish species might lead to wrong estimation and faulty management strategies.

Morphomeristic methods are ancient methods of fish taxonomy and are still in use globally. This study investigates the
similarities and differences among the Cichlids species in Zobe reservoir using a total of 100 fish samples belonging to the
Cichlidae family and identified using field guide. Out of the fish collected, 72 were used for the morphomeristic analysis (18
per species identified) using 24 morphometric characteristics and 6 meristic counts. Morphometric and meristic data were
normalized and analyzed using Principal Component Analysis and Canonical Discriminant Analysis with PAST Software.

Four species, Oreochromis niloticus, Oreochromis mossambicus, Coptodon zillii and Sarotherodon galilaeus belonging to

three genera were identified in the study area. The Principal Component Analysis (PCA) resolved 3 components which

accounted for 83.32% of the total between species variation but still showed high level of overlaps among the species. The
overlap was for O niloticus, O. mossambicus and S. galilaeus. I' and 2" Canonical Discriminant Analysis (CDA) accounts

for 92.34 % and 95.0% in morphometric and meristic counts of among-group total variability respectively. The Discriminant
analysis for morphometric data showed partial speciation and overlaps between the species, while meristic counts revealed
complete speciation in gill rakers, lateral line scales, number of dorsal and anal rays. Morphomeristic identification of
cichlids should be based on meristic counts especially gill rakers, lateral line scale, dorsal and anal rays. Therefore, a field

guide with meristic counts should be employed always.
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INTRODUCTION

Fishes display a variety of body shapes, sizes and colors,
hence, understanding and identifying them is a
prerequisite in systematics, taxonomy, conservation,
fishery management and studies of natural history
(Rasmussen et al., 2009). Cichlidae is a family of fish
commonly known as tilapia which originated in and are
extensively distributed throughout the African and
Middle-Eastern countries. For a number of reasons,
several species have been brought into several countries in
Africa and other parts of the world (Blessing, 2019). The
morphological diversity of cichlids is astounding. The
main reason for their dominating character has been a
large-scale trophic biology radiation that has happened
quickly and often in a number of lakes, reservoirs and
rivers (Albertson ef al., 2003; Gu et al., 2014 and Hu
2015). With a global catch (harvest) of 7.2 million tonnes
in 2022 species in the tilapia family together with carp
rank the second most important group of fish caught in the
wild, fourth most common group of fish species farmed
worldwide, making them the sixth most important fish
family worldwide (FAO, 2023). Since the tilapiine
complexes are composed of several species, accurate
identification is necessary for proper management
(Sogbesan et al., 2017). However, identification and
differentiation of fish species within the tilapia family is
challenging (Nagl et al., 2001). Fish are typically
identified by their physical characteristics, which allow
diverse species to be grouped into the appropriate genera
(Victor et al., 2009). In fisheries biology, morphological
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features are frequently utilized to assess the connections
and discreteness between different taxonomic groupings
(Turan, 1998) supported by a number of well-established
morphometrics (Umoh et al., 2015). Morphological
characteristics of the body form and structure that can be
measured or counted make up the majority of useful
criteria utilized in fish taxonomy. A reliable taxonomic
trait in fisheries studies must be genetically inherent,
observed easily and differ from one taxonomy to another
(Mojekwu and Anumudu, 2015). Morphomeristic
features served as the main basis for fish taxonomy and
systematics and are frequently employed to classify taxa,
sometimes even down to the species or sub-species level.
Measurable morphometric characteristics and countable
meristic qualities are utilized to distinguish between
stocks of fish species that are considered significant for
assessing population structure and serving as a foundation
for fish identification (Subodh, 2020). Trait-based
methods are now becoming popular in describing species
relationship with changes to their various environments
(Mouillot et al., 2013). These methods characterize
species using important features or traits that can be the
physiological, morphological, behavioral and
biochemical characteristics of an organism and therefore
assist scientist to have an insight on species responses to
the condition of the environment in addition to their
contribution to the overall function of the ecosystem
(Violle et al., 2014). According to Mojekwu and
Anumudu (2015), a thorough explanation of a fish's
biometric characteristics is crucial for both identification
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and research on the degree of racial variation within the
species. In order to distinguish between distinct fish
populations and to differentiate taxonomic units,
morphometric and meristic characteristics are reliable
techniques for specimen identification (Siti and Ahmad,
2018). Despite the development of sophisticated tools that
may directly identify organisms, morphological methods
of fish identification play a crucial role in stock
identification (Normala et al., 2017). Sustainable
management of fish genetic resources requires an
awareness of fish species taxonomy and systematics
(Wazir et al., 2015), since certain species share only slight
physical variations, precise species identification is
crucial for fisheries research including ichthyoplankton
surveys in order to anticipate future stock levels and adjust
fishing quotas (Vivek et al., 2014). Zobe Reservoir which
is situated in Katsina State's Dutsin-Ma Local
Government Area, is an earth-fill structure that was
finished in 1983 (Salele ef al., 2023: Dasuki et al., 2014).
The Cichlidae family had the greatest number of
individual species in this particular body of water

according to earlier studies by Ahmad ef al. (2014) and
Nababa et al. (2022). However, there is currently no
information available regarding the morphomeristic
variation of the Cichlids in the reservoir. Thus, this study
highlights the morphological variance that distinguishes
the Tilapia species found in the water body and classifies
the cichlid species from the Zobe reservoir based on
morphomeristic features.

MATERIALS AND METHODS

Study Area

The earth-fill Zobe Reservoir was finished in 1983 and is
located in the Dutsin-Ma LGA of Katsina State at latitude
12°23'18" N and longitude 7°28'29" E (Fig. 1). At its base,
the dam is 2,750 meters broad, 360 meters long, and 48
meters high. The reservoir, which has a storage capacity of
179 million cubic acre (mca), is bounded by the Karaduwa
and Gada, two significant rivers (Dasuki ef al., 2014:
Salele et al., 2023). Agriculture and the provision of
portable drinking water are the dam's primary uses,
followed by fishing (Salele et al., 2023).
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Figure 1: Map of the study area (Salele et al., 2023).

Sample collection

Actotal of one hundred (100) distinct species of tilapia fish
were chosen at random from the two major landing sites of
the Zobe reservoir, Makera and Garhi, out of the total
seven landing sites on the water body. After that, the
samples were transported in an ice box from the landing
places to the biology lab of the Federal University Dutsin-
ma. Fish were identified using the field guide by
Olaosebikan and Raji (2013). After identification, the fish
were separated into different species, and morphometric
measurements and meristic counts were performed in
accordance with established procedures of Neuman et al.
(2011)and Adedejietal. (2017).

Morphomeristic Characteristics

Twenty-four (24) morphological measurements and Six
(6) meristic counts were carried out according to Neuman
et al. (2011) and Adedeji et al. (2017) for each specimen.
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Body weight was measured using a weighing balance. The
morphometric characteristics measured include the Total
Length (TL), Standard Length (SL), Body Depth (BD),
Head Length (HL), Snout Length (SnL), Eye diameter
(ED), Dorsal Fin Length (DFL), Anal Fin Length (AFL),
Pelvic Fin Length (PvFL) (Left And Right), Pectoral Fin
Length (PFL), Pre orbital Length (PrOb), Caudal
Peduncle Length (CPL), Caudal Peduncle Depth (CPD),
Pre dorsal Length (PDL), Pre Anal Length (PAL), Lower
Lip Width (LLW), Lower Jaw Width (LJW), Pelvic
Distance (PD), Cheek Distance (CD), Lower Lip Length
(LLL), Upper Lip Length (ULL), Pelvic Spine Length
(PSL), Last Dorsal Spine (LDS) and Third Anal Spine
(TAS) while the meristic counts are Dorsal Spine (DS),
Dorsal Ray (DR), Anal Spine (AS), Anal Ray (AR),
Lateral-Line Scale (LLS), and Gill Raker (GR).
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Statistical Analysis
Morphometric and meristic measurements of 72 cichlids,
18 from each species identified were presented using
descriptive statistics (mean+standard error). All data was
normalized before subjecting to One way Analysis of
Variance to compare each parameter among the species,
where significant difference was observed, DMRT was
used to separate the means. To make sure that variances in
this study were exclusively attributable to differences in
body form and not related to the sizes of the fish, the data
were adjusted by size-adjustment method described by
Elliott et al. (1995), in order to remove size influence on
the sample (Olufeagba er al.,2015: Okomoda et al., 2022)
as follows
M, =M (Ls/Lo)"

Where

M=original measurement,

M, =size-adjusted measurement,

Lo=TL of'the fish,

Ls=overall mean of the TL for all specimens.

In order to ascertain the rate of divergence among species,
the raw data were therefore examined and subjected to
Discriminant Function Analysis (DFA). Following the
application of multivariate techniques to the data,
Principal Component Analysis (PCA) was used to display
the linear combinations of correlated variables.
Nonetheless, since it has been demonstrated that meristic

without taking size into account (Strauss, 1985; Murta,
2000: Olufeagba et al., 2015). Paleontological Statistics
PAST Software version 4.6 and IBM SPSS version 23
were used for all analysis.

RESULTS

Four (4) species comprising of Oreochromis niloticus,
Oreochromis mossambicus, Sarotherodon galilaeus and
Coptodon zillii were identified in the study area. The
differences in tails and head shape were used to identify
species. The analysis of variance for the morphometric
data showed significantly differences among species,
with O niloticus having significantly higher Lower Lip
Length (LLL), Upper Lip Length (ULL), Pelvic Spine
Length (PSL), Last Dorsal Spine (LDS) and Third Anal
Spine (TAS) than all the other species. While O. niloticus,
S. galilaeus and O. mossambicus have significantly
higher Eye diameter (ED), Pectoral Fin Length (PFL),
Lower Lip Width (LLW), Lower Jaw Width (LJW) and
Checek Distance (CD) than C. zillii. However, O. niloticus,
C. zillii, and O. mossambicus have significantly higher
Caudal Peduncle Length (CPL) than S. galilaeus. O
mossambicus and O. niloticus have significantly higher
Pre-anal Length (PAL) than C. zillii and S. galilaeus
(Table 1). In the meristic data, O. niloticus has
significantly higher dorsal rays than O. mossambicus.
Whereas O. mossambicus have significantly higher dorsal
spine, anal rays and gill raker counts while C. zillii have

counts are independent of their sizes, they were examined higher number of lateral line scales (Table 2).

Table 1: Mean (+Standard Error) of Morphometric Characteristics of Tilapiine Cichlids from Zobe Reservoir.

Parameter O. niloticus 0. mossambicus C. zillii S. galilaeus
SL 9.84+0.23 9.6249.62 9.62+0.98 10.41+0.74
BD 4.32+0.38 4.43+0.25 4.04+0.52 4.77+0.28
HL 2.71+0.35 2.184+0.87 2.35+0.26 2.99+0.21
SnL 1.14+0.12 1.01+£0.48 1.23+0.93 1.43+0.12
ED 0.73+0.16* 0.76+0.03* 0.64+0.61° 0.82+0.232
DFL 5.61+0.43 5.55+0.22 5.41+0.5 5.33+0.31
AFL 2.65+1.19 2.11+£0.48 2.03+0.22 1.9440.56
PVFL 2.95+0.29* 2.65+0.83° 2.56+0.32° 3.18+0.182
PFL 3.29+0.252 3.2440.132 2.69+0.38 3.64+0.15?
PrOb 5.61+0.43 5.55+0.22 5.41+£0.51 5.334+0.51
CPL 2.35+0.272 1.95+0.04% 2.07+0.152 1.58+0.71°
CPD 1.52+0.21 1.444+0.27 1.38+0.15 1.36+0.86
PDL 3.73+0.27 3.32+0.23 3.76+1.27 3.73+0.2.63
PAL 7.37+0.472 7.15+0.36% 6.86+0.47° 6.69+0.29°
LLW 1.0540.13% 0.74+0.37° 1.03£0.05? 1.03+0.08?2
LIW 1.444+0.21? 0.77+0.01° 1.314£0.052 1.21+0.132
CD 1.2440.11? 0.65+0.02° 1.154+0.052 1.04+0.142
LLL 1.26+0.962 0.66+0.02° 0.50+0.52° 0.64+0.07°
ULL 1.55+0.12? 0.66+0.02° 0.57+0.05° 0.65+0.07°
PSL 2.13+0.082 1.17+0.04° 1.0240.15 0.99+0.06°
LDS 2.25+0.112 1.12+0.05° 0.96+0.07° 0.82+0.05°
TAS 2.1540.122 1.13+0.06° 0.81£0.13°¢ 1.17+0.05°

Values with different letters as superscript in each row indicate significant difference (P<0.05). Total Length (TL), Standard
Length (SL), Body Depth (BD), Head Length (HL), Snout Length (SnL), Eye diameter (ED), Dorsal Fin Length (DFL), Anal Fin
Length (AFL), Pelvic Fin Length (PvFL) (Left And Right), Pectoral Fin Length (PFL), Pre orbital Length (PrOb), Caudal
Peduncle Length (CPL), Caudal Peduncle Depth (CPD), Pre dorsal Length (PDL), Pre Anal Length (PAL), Lower Lip Width
(LLW), Lower Jaw Width (LJW), Pelvic Distance (PD), Cheek Distance (CD), Lower Lip Length (LLL), Upper Lip Length
(ULL), Pelvic Spine Length (PSL), Last Dorsal Spine (LDS) and Third Anal Spine (TAS)
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Table 2: Mean (£Standard Error) of Meristic Characteristics of Cichlids from Zobe Reservoir.

Parameter O. niloticus 0. mossambicus C. zillii 8. galilaeus
DS 16.61+0.14° 17.0+0.0* 15.67+0.12¢ 15.0£0.0¢
DR 17.11+0.332 16.61+0.59% 15.67+0.47¢ 15.00+0.00°¢
AS 3.00+0.00 3.00+0.00 3.00+0.00 3.00+0.00
AR 11.28+0.46" 11.89+0.46* 11.44+0.60° 11.00+0.00°
LLS 8.00+0.00° 9.00+00° 10.00+0.00? 8.56+0.50°
GR 34.89+0.83° 37.2240.64* 29.05+2.81°¢ 32.06+0.71°¢

Values with different letters as superscript in each row indicate significant difference (P<0.05). Dorsal Spine (DS), Dorsal
Ray (DR), Anal Spine (AS), Anal Ray (AR), Lateral-Line Scale (LLS), and Gill Raker (GR) (Fig 2).

The values of Kaiser Meyer Olkin (KMO) for the overall
matrix are 0.667 and Bartlett's Test of Sphericity is
significant and therefore qualify the data for PCA. The
PCA of the full normalized dataset for the population of
cichlids resolved three (3) components with eigen values
>1 that accounted for 83.32% of the total between species
variation (table 3). The 3 components have both negative
and positive values and showed overlaps between the

species except Coptodon zillii (Figure 3 and 4). PCl
accounted for 50.51%, PC2 20.85% and PC3 accounted
for 11.96 %. Visual analysis of PCA shows overlaps
among all the species in plot 1, and overlaps between O.
niloticus, O. mossambicus and S. galilaeus in plot 2. This
result therefore necessitates the use of discriminant
analysis.

Table 3: Principal Component Analysis for Morphomeristic traits of Tilapiine Population in Zobe reservoir

Parameters Component 1 Component 2 Component 3
SL 0.021 -0.098 -0.029
BD 0.017 -0.062 -0.198
HL 0.031 -0.083 0.092
SnL -0.006 -0.048 0.062
ED 0.005 -0.012 -0.055
PrOb 0.005 -0.061 0.005
AFL 0.036 0.052 0.110
PvFL 0.028 -0.059 -0.017
PFL 0.031 -0.067 -0.250
DFL 0.009 0.032 -0.020
CPL 0.015 0.076 0.165
CPD 0.007 0.015 0.002
PDL 0.004 -0.024 0.195
PAL 0.026 0.072 -0.016
LLW 0.005 -0.019 0.146
LIW 0.015 -0.014 0.292
CD 0.012 -0.013 0.272
LLL 0.046 0.032 0.084
ULL 0.061 0.046 0.169
PSL 0.066 0.074 0.179
LDS 0.076 0.099 0.229
TAS 0.082 0.043 0.113
Dorsal Spine 0.077 0.127 -0.657
Dorsal Ray 0.055 0.004 0.022
Anal Spine 0.0000 0.000 0.000
Anal Ray 0.048 -0.220 0.230
Lateral Line Scale 0.250 0.890 0.055
Gill rakers 0.947 -0.254 -0.035
Eigenvalue 10.61 4.38 2.520
% Variance 50.51 20.85 11.96
Cumulative Variance % 50.51 71.35 83.32

Based on the first and second discriminate functions (DF),
the relationship between the morphometric and meristic
parameters among cichlids from the Zobe reservoir were
examined. The 1" DF of morphometric parameters
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accounted for 67.18%, while the 2" DF accounted for
25.36% of the 92.34 % differences between (Table 4).
Conversely, the first and second DF of the meristic count
analysis explained 61.75% and 33.35 % variability
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respectively and together they explained 95.0 % of
morphomeristic variability (table 5). Base on the
discriminant analysis, the most significant variables for
function 1 were body depth, pre-orbital length, pectoral
fin length, lower lip width, lower jaw width and upper lip
length While for function 2, they were snout length, eye
diameter, dorsal fin length, lower lip length and pelvic
spine length. Lateral-line scale, gill rakers, dorsal ray and
anal ray were the most significant meristic characteristic
for group discrimination. The 1" plot of discriminant
analysis of the morphometric measurements (figure 5)
showed an overlap between O. mossambicus and C. zillii.

While S. galilaeus and O. niloticus clustered separately
from other species. The 2™ plot (figure 6) showed an
overlap between S. galilaeus, C. zillii and O.
mossambicus. For meristic counts, considering the 1*
function, all the species cluster independently
highlighting lateral-line scales, gill rakers, dorsal rays and
anal rays as the major sources of variation between
species (figure 7). In the 2™ function, there were overlaps
among all the species. O. niloticus overlap broadly with C.
zillii, followed by C. zillii overlapping with S. galilaeus
and O. niloticus slightly overlapping with O.
mossambicus (figure 8).

Table 4: Discriminant Function Coefficient of Variables from Morphometric parameters

Variables Function 1 Function 2 Function 3
SL 0.057 0.124 0.087
BD 0.707 -0.238 0.159
HL 0.516 -2.754 1.079
SnL -12.551 81.28 -13.356
ED -13.762 71.331 -17.484
PrOb 13.997 -79.409 13.142
AFL 0.305 0.631 0.586
PvFL -0.116 -0.243 -0.096
PFL 1.547 -3.1329 -0.969
DFL -0.6633 2.1467 1.5685
CPL -4.2817 -0.953 -2.341
CPD -1.168 0.049 -1.489
PDL 0.203 1.358 1.558
PAL -1.2664 0.441 -0.967
LLW 4.632 -2.586 1.136
LIW 3.840 -0.421 1.212
CD -6.956 1.401 2.537
LLL 0.762 2.229 -1.902
ULL 1.799 -3.085 0.263
PSL 3.841 5.068 4.472
LDS -5.631 -1.235 -1.876
TAS -4.535 -4.589 -1.061
Eigenvalue 24.46 9.24 2.77
% Variance 67.18 25.36 7.46

Table 5: Discriminant Function Coefficient of Variables from Meristic counts.

Variables Function 1 Function 2 Function

3
DS -1.275 -1.647 -1.603
DR 0.796 -0.208 0.119
AS 0 0 0
AR 2.827 1.708 0.415
LLS -0.393 0.164 0.453
GR 0.0127 0.209 0.0216
Eigenvalue 13.55 7.32 1.07
% Variance 61.75 33.35 4.89
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Figure 5 and 6: 1" and 2" plot of canonical function of morphometric traits.
Keys: O. niloticus, O. mossambicus, S. galilaeus and C. zillii.

Fre

Figure 7 and 8: 1" and 2" plot of canonical function of meristic counts.
Keys: O. niloticus, O. mossambicus, S. galilaeus and C. Zzillii.
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Discussion

Compared to other vertebrates, fish species exhibit
greater diversity and variances in morphological traits
both within and between populations of species
(Olufeagba et al., 2015). As a result, fishery resource
utilization depends heavily on the quality of the current
strain, which is essential for any successful fisheries
program (Adedeji, 2017). From the results of this study,
significant differences were observed in twelve
morphometric parameters and five meristic counts. This
finding did not agree with some of the findings of the
analysis of variance of morphological variations of
cichlids in Kainji lake by Olufeagba et al. (2018), who
revealed significant differences in most morphometric
parameters except in pectoral fin length, pelvic fin length,
pre-dorsal distance, vomerine width and snout length.
However, it corresponds with pre-dorsal distance,
vomerine width and snout length among the traits that are
not significant between the species. In the meristic data,
five out of six traits are significantly different among the
species. This finding agrees with Olufeagba et al. (2018)
who revealed meristic counts to be significantly different
between all the Cichlids species found in Kainji lake. This
may be due to similarities between the species in the
Cichlidae family despite differences in the study area.
Morphological variation should only be related to
differences in body shape not to the fish size (Saber ez al.,
2014). The PCA for the normalized data have both
negative and positive values which indicates body shape
variations which agrees with the findings of Normala ez
al. (2017) which revealed that any component having
both negative and positive signs, have shape variation
while components with only negative or positive
coefficients varies due to size. However, the PCA values
revealed a mixed coefficients and high level of overlaps
among all the species especially O. niloticus, O.
mossambicus and S. galilaeus based on visual
examination. This suggests that discrimination is not
totally possible based on PCA. These findings
corroborate the earlier studies of Adedeji (2017) and El-
Serafy et al., (2007) that also documented high level of
overlaps among tilapia species making it impossible to
differentiate those species from north eastern part of
Nigeria and Egypt repectively on basis of morphometrics
based on PCA. Canonical discriminant functions enable
calculation of the variable variance and consequently
compare directly the relative contribution of each variable
(morphometric or meristic character) into each factor
(Huda and Zuheir, 2019). According to the canonical
discriminant function, the most significant variables for
function 1 were body depth, pre-orbital length, pectoral
fin length, lower lip width, lower jaw width and upper lip
length While for function 2, they were snout length, eye
diameter, dorsal fin length, lower lip length and pelvic
spine length. 1" Plot of canonical discriminant functions
of the morphometric measurements showed an overlap
between O. mossambicus and C. zillii. While S. galilaeus
and O. niloticus clustered separately from other species.
The 2™ plot showed an overlap between S. galilaeus, C.
zillii and O. mossambicus. These traits did not correspond
with the results of Olufeagba e al. (2017), who found
distance between occipital process, pre-dorsal distance,
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pectoral fin length, vomerine length, head length, head
width and pre-pelvic distance to be the discriminating
characters between the cichlids in Kainji lake. In their
study O. niloticus did not overlaps with any of the three
species, but it is somewhat similar to this study in the
broad overlap between C. zillii and S. galilaeus. However,
the results from this study are in agreement with the
finding of Huda and Zuheir, (2019) which revealed an
overlap in the morphometric characters of S. galilacus
and C. zillii and separation from O, niloticus, with similar
morphological traits such as snout length, body depth,
premaxillary pedical length, inter orbital width, dorsal fin
base and pre-pelvic distance, but there are still some
levels of overlaps between the species. This finding is in
agreement with El-Serafy et al. (2007) and Olufeagba et
al. (2015) that reported striking similarities and
overlapping among tilapia species, making it impossible
to differentiate those species on basis of morphometrics.
More so, the findings also agree with Saber et al. (2014),
that reported the use of morphomeristic traits to obtain
baseline information in study of variation between fish
species which can be considered in conservational policy
and restocking programs. Results from the meristic
counts of the sampled species revealed an overlap in
function 1 and speciation in function 2 between the
species. Number of anal spines and dorsal spines as
highlighted in the 1" function were almost the same across
the species in the Cichlidae family in Zobe reservoir,
which may be a uniting trait for the species. In the 2™
function of meristic counts, number of lateral-line scales,
gill rakers, dorsal rays and anal rays constituted the most
influential meristic variable for discrimination of the
groups. These findings were similar to that of Olufeagba
et al., (2017), which identified caudal fin ray, pelvic fin
ray and pectoral fin ray as the most influential meristic
variable for discrimination of the groups. This indicates
that tilapia species can be separated easily using rays
found in their fins. Moreso, studies from Kelabat Bay and
Tukak Strait by Siti and Ahmad (2018) revealed pectoral
rays to be the most important variable in discriminating
Selangat Fish (Anodontostoma species) between Kelabat
Bay and Tukak Strait, in Indonesia. Further-more, Osho et
al. (2022) revealed anal fin ray count to be the most
important discriminant between African Snakehead Fish
(Parachanna obscura), from Anambra, Ibbi, Imo,
Katsina-Ala and Ogun states in Nigeria. However, Sabry
et al. (2006), found number of lateral line scales, dorsal
and anal fins to differentiate O. niloticus, O aureus, S.
galilaeus and C. zillii in the Nile River. Lateral line scales
are also reported as the most important meristic variate for
characterizing tilapia species from various water bodies
in South Africa (Makeche et al., 2022: Skelton, 2001).
Similarly, this study tallies with El-Serafy et al. (2007) in
number of lateral-line scales, dorsal ray and anal ray, but
didn't coincide with dorsal spine among the meristic
counts that successfully deafferented O. niloticus, O.
aureus, S. galilaeus and C. zillii in Egypt. This may be due
to fish adaptation as a result of differences in their
environments as reported earlier by Caillon et al. (2018).
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CONCLUSION

The present study provided baseline information to be
used in understanding cichlids species in Zobe reservoir
and the application can be extended to other water bodies.
Although, tilapiine group shows similar morphological
characters yet they still showed some certain level of
discreetness as a result of genetical differences and or
external environmental factors. Morphometric data
showed similarities and overlaps among tilapia species,
making it impossible to completely differentiate those
species on the basis of morphometric parameters. Lateral-
line scales, gill rakers, dorsal ray and anal ray are the
major sources of variation among all the Cichlids in Zobe
reservoir. Morphomeristic identification of cichlids
should be based on meristic counts especially gill rakers,
lateral line scale, dorsal and anal rays. Therefore, field
guide with meristic counts should be employed always.

Authors contribution

All the authors were actively involved at different levels
of the research. All the authors were involved in the
design of the research, while the first author sampled the
fish species used, the first and last authors analyzed,
interpret the data and read the final manuscript and agreed
to the submission.

REFERENCES

Adedeji. H. (2017). Taxonomical assessment of the
tilapiine from Northeast, Northcentral and
Southwest ecological zones in Nigeria using
different taxonomical methods. Phd Thesis. pp30-
113

Ahmad, M., Shagari, F.U. and Sani, A. N. (2014). Fish
biodiversity and fishing methods of some water
bodies in Katsina State of Nigeria. International
Journal of Fisheries and Aquatic Studies. 1 (16)
218-221

Albertson, R.C., Streelman, J. T. and Kocher, T.D. (2003).
Genetic Basis of Adaptive Shape Differences in the
Cichlid Head. Journal of Heredity the American
Genetic Association, 94 (4), 291-301. DOI:
https://doi.org/10.1093/jhered/esg071

Blessing, M. (2019). Tilapia: species and geographical
distribution in Africa. Enhancing capacity/risk
reduction of emerging Tilapia Lake Virus to African
tilapia aquaculture. FAO/ASTF
GCP/RAF/510/MUL:

Caillon, F., Bonhomme, V., Mollmann, C. and Frelat, R.
(2018). A morphometric dive into fish diversity.
Ecosphere 9 (5). DOI:
https://doi.org/10.1002/ecs2.2220 1-11

Dasuki, A., Dauda, A.B., Oshoke, J.O., Tiri, G.D. and
Bichi,A. H. (2014). A Survey of Artisanal Fisheries
of Makera Zone of Zobe Reservoir, Katsina State.
In: Proceedings, 29th Annual Conference of
Fisheries Society of Nigeria (FISON), held from
24th — 29thNovember, 2014 at Royal Choice Inn
Ltd, Gondo Aluor Road, Old GRA, Lobi Quarters,
Makurdi, Benue State Nigeria. 2-5.2014.

Elliott, N.G., Haskard, K. and Koslow. J. A. (1995).
Morphometric analysis of orange roughy

©Fisheries Society of Nigeria || 3172

(Hoplostethus atlanticus) off the continental slope
of southern Australia. Journal of Fish Biology 202-
220. DOI: https://doi.org/10.1111/j.1095-
8649.1995.tb05962.x

El=Serafy, S. S., Abdel=Hameid, N. A. H., Awwad, M. H.

and Azab, M. S. (2007). DNA riboprinting analysis
of Tilapia species and their hybrids using restriction
fragment length polymorphisms of the small
subunit ribosomal DNA. Aquaculture research,
38(3),295-303.

Food and Agriculture Organization of the United Nations
(FAO) (2021). Top 10 species groups in global
aquaculture, 2021 FAO Fisheries and Aquaculture
Division.

Food and Agriculture Organization of the United Nations
(FAO) (2023). Top 10 species groups in global,
regional and national aquaculture 2021.
Supplementary materials to the factsheet on Top 10
species groups in global aquaculture 2021. World
Aquaculture Performance Indicators (WAPI)
f a ¢ t s h e e t s
http://www.fao.org/3/cc6319en/cc6319en.pdf

Geetika, M., Sangeet, S. and Madasu, H. (2018).
Phylogenetic Methods and its Applications.
Journal of Biostatistics and bioinformatics. 1-3.

Gu. D.E, Luo. D, Xu. M, Ma. G.M, Mu. X.D, Luo. J.R,
and Hu. Y.C. (2014). Species diversity defends
against the invasion of Nile tilapia (Oreochromis
niloticus). Knowledge Management of Aquatic
Ecosystem. -11 414, 07.DI:
https://doi.org/10.1051/kmae/2014018

Huda, A. H. and Zuheir, N. M. (2019). Morphometrics
and Meristic of Oreochromis Niloticus,
Sarotherodon Galilaeus and Coptodon Zilli
(Cichlidae) from Kosti, Sudan. Cross Current
International Journal of Agriculture and Veterinary
Sciences. 71-77 DOTI:
https://doi.org/10.36344/ccijavs.2019.v01103.003

Makeche, M.C., Nhiwatiwa, T., Ndebe, J., Mulavu, M.,
Khumalo, S.C., Simulundu, E., Changula, K.,
Chitanga, S., Mubemba, B. and Walter, M. (2022).
Characterisation of Oreochromis niloticus fish
species of Lake Kariba, Zambia, using
morphological, meristic and genetic methods.
Aquaculture fish and fisheries, DOI:
https://doi.org/10.1002/aff2.36

Mojekwu, T. O. and Anumudu, C. 1. (2015). Advanced
techniques for morphometric analysis in fish.
Journal of Aquaculture Research Development, 6
(8), 354. DOI: https://doi.org/10.4172/2155-
9546.1000354

Mouillot, D., Graham, N. A. J., Villeger, S., Mason, N. W.
H. and Bellwood, D. R. (2013). A functional
approach reveals community responses to
disturbances. Trends in Ecology & Evolution
28:167-177.

Nababa, A. S., Bichi, A.H. And Sogbesan, O. A . (2022)
Itchthyofaunal Composition, Abundance, and
Diversity Indices in Zobe Reservoir of Katsina
State, Nigeria. UMYU Scientifica. 1 (1): 42 - DOI:
https://doi.org/10.56919/usci.1122.00

This work is licensed under a
Creative Commons Attribution - 4.0

Ll_ nternational Public License (CC - BY 40)




SALELE, H. A., A. H. BICHI, AND A. B. DAUDA

Nagl, S., Tichy, H., Mayer, W. E., Samonte, 1. E.,
McAndrew, B. J. and Klein, J. (2001).
Classification and phylogenetic relationships of
African Tilapiine fishes inferred from
mitochondrial DNA. Molecular Phylogenetics and
Evolution: 361 - 374.DOTI:
https://doi.org/10.1006/.2001.0979

Neumann, D., Stianssny, M. L. J. and Schliewen, U.
(2011). Two new sympatric sarotherodon species
Pisces: Cichlidea) endemic to Lake Ejagham,
Cameroon, West Africa with comments on
Sarotherodon galilacus species complex. Zootaxa.
2765:1-20

Normala, J., Mohd, A.A.,Abol, M. A.B.,Nur,A. A., Khor
W., Okomoda, T.V. and Shahreza, M. S. (2017):
Morphometric variations between triploid and
diploid Clarias gariepinus (Burchell, 1822).
Croatian Journal of Fisheries, 75, 113-121. DOI:
https://doi.org/10.1515/cjf-2017-0015

Olaosebikan, B.D. and Raji, A. (2013). Field Guide to
Nigerian Freshwater Fishes. New Bussa, Nigeria:
Federal College of Freshwater Fisheries
Technology.

Olufeagba, S.O, Aladele, S.E, Okomoda, V.T, Sifau.
M.O, Ajayi. D.A, Oduoye. O.T, Bolatito. O.A,
Nden. D.S, Fabunmi-tolase. A. S. and Hassan. T
(2015). Morphological variation of cichlids from
Kainji lake. Nigeria Journal of Fisheries Sciences.
70-80

Osho, F. E., Omitoyin, B. O., Emmanuel, K. A.,
Orisasona, O., Kareem, O. K. and Jenyo-Oni, A.
(2022). Morphometric and Meristic Variation of
African Snakehead Fish Parachanna obscura,
Giinther, 1861 from Nigeria's Freshwater
Environment. Journal of fisheries and environment,
46(1),54-65.

Rasmussen, R.S., Morrissey, M.T. and Hebert, P. D. N.
(2009). DNA barcoding of commercially important
salmon and trout species (Oncorhynchus and
Salmon) from North America. Journal of
Agricultural Food Chemistry. 8379—-8385.

Saber, V., Asghar, A., Hossein, A. and Hamed, M. S.
(2014). Morphometric and meristic characteristics
and morphological differentiation among five
populations of Brown Trout Salmo trutta fario
(Pisces: Salmonidae) along the southern Caspian
Sea basin. European Journal of Zoological
Research, 3 (2) 56-65.

Sabry, S. E., Nassr-Allah, H. A., Mohammed, H. A. and
Mona, S. A. (2006). A study on molecular biology
of tilapia species and their hybrids in the River Nile,
Egypt. Egyptian journal of aquatic biology and
fisheries. 2,93- 116.

Salele, A. H., Bichi, A. H. and Dauda, A. B. (2023).
Species composition, size distribution, condition
factor and growth pattern of cichlids from Zobe
reservoir, Dutsin-ma, Katsina state, Nigeria. Fudma
journal of agriculture and agricultural technology, 9
(2), 1-8. .
https://doi.org/10.33003/jaat.2023.0902.01

Siti, A. and Ahmad, F. S. (2018). Morphometric and
Meristic Characters of Selangat Fish

©Fisheries Society of Nigeria || 3173

(Anodontostoma sp.) from Kelabat Bay and Tukak
Strait, Bangka Belitung. International Conference
on Maritime and Archipelago.

Sogbesan, O. A., Sanda, M. K., Ja'afar, J. N. and Adedeji,
H. A. (2017). DNA Barcoding of Tilapia Species
(Pisces: Cichlidae) from North-Eastern Nigeria.
Journal of Biotechnology and Biomaterials. 27-
277.DOI: https://doi.org:10.4172/2155

Solomon, S. G., Okomoda, V. T. and Ogbenyikwu, A. 1.
(2015). Intraspecific morphological variation
between cultured and wild Clarias gariepinus
(Burchell) (Clariidae, Siluriformes). Archives of
Polish Fisheries. 53-61 DOI:
https://doi.org/10.1515/aopf-2015-0006

Subodh, K. T. (2020). Significance of traditional and
advanced morphometry to fishery science. Journal
of human earth and future, 1 (3)
DOI: https://doi.org/10.28991/HEF-2020-01-03-
05

Victor, B.C, Hanner. R, Shivji. M, Hyde. J, and Caldow. C
(2009). Identification of the larval and juvenile
stages of the Cubera snapper, Lutjanus cyanopterus,
using DNA barcoding. Zootaxa. 24-36. DOI:
https://www.researchgate.net/publication/2540736
36

Violle, C., Navas, M. L., Vile, D. E., Kazakou, C.,
Fortunel, I. H. and Garnier, E. (2007). Let the
concept of trait be functional. Oikos. 116, 882—-892

Vivek, R. V., Rajendran, N. and Wazir, S. L. (2014) DNA
barcoding: Importance in fisheries research and
food safety, An Indian Journal Review. 252-258

Wazir, S. L., Singh, M., Mukunda, G., Gopalakrishnan,
A.,Lal,K. K., Mohindra, V., Sarkar, U. K., Punia, P.
P., Singh, K. V., Bhatt, J. P. and Ayyappan, S.
(2015): DNA barcoding Indian freshwater fishes,
Mitochondrial DNA. The Journal of DNA
Mapping, Sequencing, and Analysis. 234-287 DOI:
https://doi.org/10.3109/19401736.2015.110154

Zharif, R., Wan, Z. M., Lee, S. W. and Ibrahim, C.O.
(2016). Characterization of Four Red Hybrids
Tilapia (Oreochromis sp.) through Morphometric
Characteristics. Academia Journal of Agricultural
Research 4 (6), 382-386. DOI:
https://doi.org/10.15413/ajar.2016.0156

This work is licensed under a
Creative Commons Attribution - 4.0

Ll_ International Public License (CC - BY 40)




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

