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ABSTRACT This study examined the length-weight relation and condition factor of Sarotherodon galilaeus (Linnaeus,
1758) from Nguru-Gashua Wetlands, Northeast, Nigeria. A total of 375 specimens were purchased from local fishermen
at the designated landing sites for six months. Results of morphometric characteristics showed that the body weight
of male S. galilaeus ranged from 127-770 g (601.7+28.01) and females ranged from 272-704 g (711.3+38.12). Meristic
features show that spinous anal fin rays were constant in both sexes while soft dorsal fin rays, pectoral fin rays, soft anal
fin rays and spinous dorsal fin rays had the same range for both sexes. The sex ratio (1:2.18) observed in this study tends to
favour male species but contrasts with the general assumption of a sex ratio of 1:1. Mean coefficient of determination was
0.89+0.07 and 0.87+0.07 for male and female S. galilaeus respectively indicating that length-weight relationship model is
very reliable. This implies that the change in weight of the sampled fish was caused by 88.52% and 86.68% change in length
of male and female S. galilaeus respectively. It was further revealed that both sexes (b = 2.86+0.18 and 2.88+0.35) had
negative allometric growth patterns. The wetland’s environmental conditions were within a tolerable range for cichlids.
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INTRODUCTION

Fish from inland waters is a demanding, treasured, and
essential source of protein to man, contributing consider-
ably to the gross domestic product (GDP) of the country
(Bolarinwa, 2015). It is a low-cost source of nutritious
protein high fillet quality and good taste (Ashley-Dejo et al.,
2022). To manage this resource, suitable knowledge of the
fish population structure is vital which includes biological
parameters (Birkeland & Dayton, 2005). In biology, the study
of the structure and form of organisms is very significant
and of great importance in population studies because it
is beneficial in differentiating taxonomically and creating
evolutionary interactions (Oladimeji & Olaosebikan, 2017).
Morphometric and meristic parameters are vital tools
for assessing the discreteness of the same (Oladimeji &
Olaosebikan, 2017).

To identify the growth form of fish, the length-weight
relationship (LWR) is an essential fishery management
device that can be used (Ajaghe et al., 2016). Alex et al.
(2012) opined that understanding some measurable
features such as the LWR is essential in studying fish
biology. There are different types of growth that fish
can reach such as positive allometric growth, negative
allometric growth, or isometric growth. Isometric growth
denotes an increase in the growth of an organism but
there is no variation in body shape. Negative allometric
growth indicates that as fish increases in weight, the fish
becomes slim while positive allometric growth shows that
as the length of the fish increases, it becomes moderately
bolder or deeper-bodied (Nehemia et al., 2012). The
length-weight factor which is stated as the ‘coefficient
of condition” shows the grade of fish wellbeing in their

environment. This factor measures numerous biological
and ecological factors such as gonad development, degree of
fithess, and environmental appropriateness concerning the
feeding condition (Alex et al., 2012). For a fish to attain
an enhanced state, the condition factor must be higher.
Fish condition factors can be affected by several factors
such as sex, feed availability, stress, other water quality
parameters, and season (Khallafetal., 2003).

S. galilaeus which is known as mango tilapia and from the
Cichlids family is one of the commercially significant fish.
In Africa, S. galilaeus distribution ranges from Cote d’lvoire
and Nigeria in the west to the Democratic Republic of
Congo in central Africa and Morocco and Egypt in the
North (Dadebo et al., 2014; Ahmad et al., 2015). In the
Northern part of Nigeria, S. galilaeus is one of the fresh-
water fishes which form the greater part of food protein
(Hetch, 2010; Azubuike, 2016).

Therefore, assessment of this fish is vital. Information
collected will be beneficial to formulate an approach for
the sustainability, conservation and management of the
water body. Hence, this study becomes vital due to larger
households that rely on Nguru-Gashua wetlands for their
source of livelihood and the only worldwide acknowledged
ecological site. Even though the species has been well
researched, very little is known about the ecology of S.
galilaeus populations in Nguru-Gashua wetlands, North
East, Yobe State, Nigeria.

MATERIALS AND METHODS

Studyarea
The study area for this research is Nguru-Gashua wetlands,
which is a broad area of floodplain wetlands situated in
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the northeast area of Yobe State, Nigeria. According to
Ramsar (1994), the Nguru-Gashua wetlands are the first
wetland in Nigeria to be named a Ramsar site. The Marma
channel complex and Nguru Lake are a partition of the
Hadeji-Nguru wetlands which are located at Latitude
10°22’N and Longjtude 12°46’E. The wetland catchment
area covers about 3.500 km? and consists of two rivers
namely, the Jama’are and the Hadejia which move and
run into Lake Chad. The wetlands are extraordinarily
acknowledged for the regeneration and renewal of
subversive water in the Komadugu-Yobe Basin. It is an
inexpensive and biological environment that is rich in the
biodiversity of abundant fauna and flora.
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Figure 1. Map of the study area.

Sample collection

A total of 375 specimens of S. galilaeus were purchased
from local fishermen fishing at the selected landing sites
for a duration of six months (June - November 2020)
covering both dry and wet seasons. The fishermen within
Nguru-Gashua wetlands use diverse fishing gears which
include gill nets, cast nets, seine nets, and traps. Sampling
was carried out early morning between 06:00 am to 10:00
am (GMT +1) two times a month. Purchased S. galilaeus
were kept in an ice chest and transported immediately
to the laboratory of the Department of Fisheries and
Aquaculture, Federal University, Gashua, Yobe State, for
measurement and proper identification using the field
guide of Nigerian freshwater fisheries by Olaosebikan &
Raji (2004).

Morphometric characteristics were measured in centi-
metres (cm) using a digital Vernier calliper and measuring
board. The body weight of each fish sample was measured
with an electronic chemical balance of 0.1 g precision. All
the measurements were done according to Olaosebikan
& Raji (2004). The meristic count was done according to
Turan et al. (2011) within 24 hours of sample collection.

The specimens were sorted based on their external
genital papilla according to Maar et al. (1966). Female S.
galilaeus has three orifices ventrally (anus, transverse
genital opening, and urinary opening) while the male has
only two (anus and urinogenital aperture on the small
papilla).

Length-weight relationship
The LWR was estimated using the length-weight equation
given by (Panase & Mengumphan, 2015) asfollows:
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W=alb

Where: W = bodyweight of fish (g), L = total length of fish
(cm), a = scaling constant determined empirically and b =
growth coefficient/pattern. If b=3 the growth is referred to
as isometric and if b#3 is referred to as allometric it can
either be positive (b > 3) or negative (b < 3) (Imam et al,,
2010; Famoofo & Abdul, 2020). The point at which the
regression line intercepts along the y-axis and the slope of
the regression line is known as “a and b” respectively. The
above equation was logarithmically transformed to make
a linear straight-line equation (Abdul et al., 2016) to obtain
Log,,W=Log,,a+tblog, L

Condition factor

The condition factor which is generally referred to as the
well-being of fish was determined using the formula
described by Le Cren (Famoofo & Abdul, 2020). It is an
important index for evaluating feeding intensity, age, and
rowth rates, also used in assessing the status of an
aquatic ecosystem where fish lives but is widely influenced
by both the biotic and abiotic environmental variables.

WxL
K:
L3

Where: k = condition factor, W = body weight of fish (g),
L =total length of fish (cm).

Data analysis

Data collected were processed using Microsoft Office
Excel software 2013 basically for estimating the intercept
and slope. The data were further subjected to basic
descriptive statistics which include minimum and
maximum value, means, and standard deviation. The
statistical analyses were done using Statistical Package
for Social Sciences (SPSS) version 23.

RESULTS AND DISCUSSION

Morphometric characteristics and meristic features of
S. galilaeus

Results of morphometric characteristics and meristic
features of S. galilaeus (male and female) from Nguru-
Gashua wetlands showed that the bodyweight of male
S. galilaeus ranged from 127-770 g (601.7+28.01) and
females ranged from 272-704 g (711.3+38.12). The
mean total length was (29.63+0.61 and 27.28+0.88),
standard length (25.17+4.11 and 25.51+0.38), body
depth (10.84+0.16 and 12.17+0.49) eye diameter (3.94
+0.15 and 2.49+0.50), head length (5.48+0.19 and 6.16
+0.11) for male and female respectively. Results for other
morphometric characteristics are presentin Table 1.

Table 2 shows the meristic features of the sampled fish.
Spinous anal fin rays were found to be in constant in both
sexes, soft dorsal-fin rays and pectoral fin rays ranged
between 11-13 likewise soft analfin rays and spinous dorsal
fin rays ranged between 10-12 and 12-18 respectively in
both sexes.

Monthly sex ratio, length-weight relationship, and condition
factors of S. galilaeus.

Monthly sex ratio, length-weight parameters and condition
factors of S. galilaeus in Nguru-Gashua wetlands estimated
from 375 fish samples for six (6) months showed that
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Table 1. Morphometric characteristics of S. galilaeus from Nguru-Gashua wetlands.

Morphometric characteristics Male Female
Sex Range Mean+SE Range Mean+SE
Body weight (g) 127-770 601.7+28.01 272-704 711.3+38.12
Totallength (cm) 11-15 29.63+0.61 22-42 27.28+0.88
Standard length (cm) 10-31 25.17+4.11 19-31 25.51+0.38
Bodydepth (cm) 4.3-16.4 10.84+0.16 4.9-15.3 12.17+0.49
Eye diameter (cm) 0.8-6.3 3.94+0.15 1.1-4.3 2.49+0.50
Head length (cm) 1.1-7.9 5.48+0.19 54-7.8 6.16+0.11
Head width (cm) 1.6-7.9 5.18+0.29 3.5-8.7 6.73+0.31
Caudal pedunclelength (cm) 1.3-4.9 3.11+0.22 1.1-5.1 3.83+0.23
Caudal peduncle depth (cm) 1.0-8.1 5.07+0.23 2.4-6.2 4.69+0.47
Pre dorsallength (cm) 4.8-11.7 8.78+0.41 5.9-11.8 7.93+0.58
Length of dorsal base (cm) 3.2-15.8 10.84+0.74 6.4-13.1 11.16+0.78
Length of anal base (cm) 2.5-7.3 5.11+0.18 2.4-7.7 5.60+0.19
Height of dorsal fin (cm) 2.8-7.9 5.73+0.15 4581 6.57+0.86
Height of analfin (cm) 2.7-8.9 4.61+0.18 3.2-7.7 5.12+0.36
Length of pectoralfin (cm) 2.1-10.8 6.74+0.45 3.4-89 6.91+0.57
Table 2. Meristic counts of S. galilaeus from Nguru-Gashua wetlands.
Meristic counts Male Female
Sex Range MeanSE Range MeanSE
Softanalfinrays 10-12 10.82+0.19 10-12 10.82+0.19
Softdorsalfinrays 11-13 12.3+0.03 11-13 12.3+0.03
Scalealongthelateralline 21-34 26.8+0.53 20-31 27.27+0.41
Scaleabove lateralline 103-128 117.64+0.88 97-136 121.8+3.19
Scale below lateral line 111216 183.76+£3.45 103221 198.1+2.19
Scale around caudal peduncle 29-47 35.9+0.49 2851 36.9+1.71
Spinous analfinrays 3 3.0+£0.00 3 3.0+£0.00
Spinous dorsalfinrays 12-18 16.63+0.05 12-18 16.63+0.05
Pectoralfinrays 11-13 12.0+0.10 11-13 12.0+0.10
Gillrakers onthefirstarch 19-27 23.23+0.32 2127 24.16+0.31

257 (68.5%) and 118 (31.5%) were male and female S.
galilaeus respectively, with a mean sex ratio of 1:2.18
which was contrary to the prior expectation of sex ratio of
1:1. The mean coefficient of determination (r?) was 0.89
+0.07 and 0.87+0.07 for male and female S. galilaeus
respectively. This implies that the change in weight of
the sampled fish was caused by 88.52% and 86.68%
change in length of male and female S. galilaeus. It was
further revealed that both sexes (b = 2.86+0.18 and
2.88+0.35) had a negative allometric growth pattern. The
mean condition factor S. galilaeus from Nguru-Gashua
wetlands ranged between 2.31 to 2.91 with a mean
value of 2.55+0.20 and 2.09 to 2.67 with a mean value
of 2.36+0.25 and for male and female S. galilaeus
respectively. The lowest condition factor was recorded in
October for both sexes while the highest was recorded in
June and July for male and female S. galilacus respectively.
The result from this study shows that morphometric
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features of S. galilaeus were within the range reported by
Ebenezer (2010) from Weija reservoir Ghana. The result
from morphometric characteristics was also found to be
similar to the study of Egbal et al. (2017) who studied
the LWR and condition factors of five freshwater fish in
Roseires Reservoir, Sudan. The finding was also similar to
the study of Abdul et al. (2011) who reported an average
weight of 696.93 g from Ogun estuary, Nigeria. The mean
head length and body depth reported in this study were
higher compared to those reported by Ebenezer (2010). The
discrepancy observed in the morphometric characteristics
could be likened to environmental variations such as
water temperature, stress, food availability, spawning
ground, and sex. The sex ratio observed in this study
tends to favour male species but contrary to the study of
Fawole & Arawomo (2010) who reported a sex ratio of
1:1 (male: female) in their study in Opa reservoir in Osun
State, Nigeria. Abdul et al (2011) reported a sex ratio of
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Table 3. Monthly sex ratio, length-weight relationship, and condition factors of S. galilaeus from Nguru-Gashua wetlands.

Parameters/ Month June July August September October November Mean+SD
Sex Male 1 1 1 1 1 1 1.00+0.0
ration Female 1.78 2.39 2.65 2.20 1.65 2.19 2.14+0.37
A Male 0.022 0.071 0.051 0.132 0.018 0.033 0.05+0.04
Female 0.027 0.079 0.067 0.031 0.017 0.031 0.04+0.02
B Male 3.015 2.762 2.582 2.817 3.081 2911 2.86+0.18
Female 3.011 2.521 2972 2421 3.384 2.945 2.88+0.35
2 Male 0.912 0.931 0.897 0.817 0.793 0.961 0.89+0.07
Female 0.791 0.904 0.917 0.848 0.793 0.948 0.87+0.07
K Male 291 2.49 249 2.61 2.31 231 2.55+0.20
Female 2.48 2.67 2.56 2.23 2.09 211 2.36+0.25

1:1.6 (male: female) in the Ogun State estuary. This
implies that male fish are favoured in the study area
compared to female fish. Also, the study disagrees with
the generalassumption of a sexratio of 1:1.

Several authors have postulated that the LWR is important
data when estimating fish biomass, it has been accepted
internationally as a vital tool by fish biologists, physiologists,
ecologists, population dynamics, and stock assessment
(Abdul et al., 2016). It is also used in evaluating stock well-
being and growth patterns Eyo & Awom (2016) but faced
with some limitations which include; pollution, population
variability, sampling season, estimation methods, food
availability, feeding intensity, size of fish, age of fish, sex,
maturity stage, muscular development and quantity of
reserved (Ujjania et al., 2012; Abdullahiand 2013; Miller
et al., 2015; Gupta & Banerjee, 2015; Al Nahdi et al., 2016;
Famoofo & Abdul, 2020). In LWR, the value of regression
coefficient (b) determines the growth pattern exhibited
by fish species which could be allometric (positive b > 3 or
negative b < 3) or isometric (b = 3) growth pattern (Nash et
al., 2006; Eyo et al., 2015; Eyo & Awom 2016). The b-
value for this study indicates a negative allometric growth
pattern for both sexes. This implies that the rate at which
body length increases is not proportional to the rate of
increase in body weight i.e. the fish grow faster in length
than in weight. The result of this study was similar to the
findings of Abdul et al. (2016) who reported a negative
allometric growth pattern for S. galilaeus in Ogun State
coaster estuaries with b value of 2.898+0.144. A negative
growth pattern was also reported by several authors in
Nigeria water bodies for Tilapia species (Dan-Kishiya,
2013; Nehemia et al., 2012; Ajagbe et al., 2016). Also,
Barnes (2007) reported a similar result in her study on S.
galilaeus in Ghana but contrary to the findings of Majid et
al. (2018) who reported isometric growth pattern (b = 3)
for Tilapia species from Southern Iraq from three culture
medium cage, pond and wild fish respectively.

The condition factor describes the fish’s health and well-
being as regards its environment (Reynold, 1968). It gives
overall information about the biological condition of fish
concerning its environment (Gupta & Banerjee, 2015),
growth pattern, and rate of feeding (Ighwela et al, 2011).
The higher the “k” values, the heavier the fish. Thus, the
“K” value is directly proportional to the body weight of

the fish. But the disparity in the “k” is likened to the
environmental condition (Ratnakala et al., 2013; Sarkar
et al., 2013), water temperature fluctuation (Bolarinwa
& Popoola, 2013), breeding season (Abujam & Biswas,
2016), habitat and feeding habit (Nandikeswari et al.,
2014), spawning season and gonadal development
(Henderson, 2005; Obasohan et al., 2012). Condition
factor is generally influenced by food availability, feeding
pattern/regime, and gonad development (lrom et al.,
2017). Abowei & Hart (2009) and Lizama et al. (2002)
opined that gonads development negatively affects the
condition factor as a result of energy transfer to gonads
development. It was obsessed that male S. galilaeus has
a better condition factor than its female counterpart. This
finding corroborates the hypothesis of Bagenal & Tesch
(1978) who stated that heavier fish of a given length have
better condition factors.

CONCLUSION

Morphometric characteristics and metric features of S.
galilaeus from Nguru-Gashua wetlands were very similar
to the findings of other authors from African water
bodies. Also, male and female S. galilaeus have similar
characteristics. The sex ratio violates the general
assumption of the 1:1 hypothesis, which shows a negative
allometric growth pattern but the condition factor of the
male was slightly higher than that of the female. The
wetlands’ environmental conditions were within a tolerable
range for cichlids. The fishery of S. galilaeus from Nguru-
Gashua wetlands has enhanced the livelihood of the
inhabitant of Northeast Nigeria. However, other fish
species within the wetlands should be fully assessed
for sustainability and robust decision-making and policy
formulation.
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