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Reproductive biology of Sarotherodon galilaeus (Artedi, 1757) in Onah Lake, Delta
State, Nigeria.
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Abstract: Morpho-histological examination of the gonads of Sarotherodon galilaeus from Onah Lake
revealed the existence of five distinctive maturity stages. The sex ratio established was 1:0.9 (male:
female) using the Chi square analysis (i2). The curvilinear relationship between length and weight of
specimens were significant (p<0.001) for males Y=1.3037x - 0.845, r=0.81 and for females Y= 1.503x-
1.264, r=0.82. The maturity Ogive revealed that the male specimens matured at a total length of 98.00
mm while the females matured at a total length of 89.00 mm. Absolute fecundity ranged between 493 to
1976 eggs. Egg count increased with increasing total length although the relationship was not significant
(p>0.05) Y= 0.0031x + 373.04, r2=0.023. The relationship was significant (p<0.01) between fecundity and
body weight Y=0.0542x + 1101.2 r2=0.62 and also between fecundity and gonad weight (p<0.01)
Y=0.0013x + 3.000, r2=0.74. The weight of each ovary was influenced by fish total length and body
weight. The number of eggs per gram of ovary was neither influenced by fish total length nor fish body
weight. The peak of mean gonado-somatic index occurred in July, although there were other peaks, which
showed that the species exhibits multiple spawning. The index of mean gonado-somatic index was higher
in females than in males. The present study indicated that the breeding season for Sarotherodon galilaeus
extended from March to October. 
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INTRODUCTION

Sarotherodon galilaeus is a dominant, endemic and
economically important tropical fresh water fish
species, which be longs to the Cichlidae family[11]. This
fish family was very important in the ecology of
tropical waters. Siddiqui,[22] reported the reproductive
biology of Tilapia zillii. He opined that the smallest
recorded matured female with a standard length of
90.00 mm had a mean fecundity of 6066 eggs. There
was a curvilinear relationship between fecundity/total
length and fecundity/body weight of the species.
Fagade et al[8] studied the breeding cycle of
Sarotherodon galilaeus at the International Institute of
Tropical Agriculture (IITA) where the females attained
sexual maturity earlier than the males. Agada[1] also
observed that in connection with sexual maturity, male
Oreochromis niloticus, matured earlier than the females
whereas the females maintained a higher mean gonado-
somatic index than the males. According to[17],
Sarotherodon galilaeus is not highly fecund because of
its mouth breeding habit. Aspects of its biology was
documented[10]. Such aspects include morphometric
assessment[14]; taxonomic unit differentiation; production
potentials; management procedures, rational exploitation

of stock[10] among others. The present study provides
information on gonad photomicrograph, maturity stages,
fecundity, gonado-somatic index, length weight
relationship and sex ratio of Sarotherodon galilaeus
caught in Onah Lake. These details are needed for the
establishment of their production potentials and
recruitment which will enhance better exploitation and
management procedures of same species in Onah Lake. 

MATERIALS AND METHODS
 

The present study was carried out in Onah Lake
located at longitude 60411 60431 East and latitude 60411

60181 North of the equator (Fig 1). Fish specimens
were harvested between January and December 2006
using fleets of nylon multifilament set gill nets of
diverse mesh sizes (3.81, 5.08, 6.35 to 17.7 cm) and
cast nets. Floaters and sinkers were attached to the
nets. The specimens were taken to the laboratory and
measured for length and weight to the nearest
millimeters (0.01 mm) and gram (0.01 g) respectively.
The visceral region of the fish was cut open with a
pair of scissors while a pair of gonad was isolated. One
out of the paired gonads at maturity stage lV isolated
from each specimen was slit open to expose the eggs, 
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Fig. 1: Map of Asaba and Environ Showing the Study Stations A, B and C in Onah Lake.

which were immersed in Gilson fluid for one week to
harden. The hardened eggs were used for fecundity
estimation according to Hatikakoty and Biswas[12]. The
other gonad pair isolated from the same specimen was
immersed in Bouin’s fixative for 12 hours. It was used
for histological examination according to Fawole and
Arawomo 2000. Before sectioning of, the gonads was
carried out, they were dehydrated in ascending
concentrations of alcohol (70, 85 and 95 %) in order to
rinse off the picric acid. Sections were cleared in
xylene, impregnated in liquid paraffin wax (melted at
a temperature of 52-60 OC) and poured into metal
rectangular Lucas moulds. After 1 minute, gonad
sections were arranged in the rectangular moulds as
desired to set. The moulds were placed under running
tap water to harden and positioned in the microtome
for trimming. Hardened wax trimmings housing the

gonads, stretched out properly as they float on water
bath. With the aid of a clean slide, the stretched films
of gonads were picked and placed on hot plate for 30
minutes to dry so as to be properly attached to the
slide. Each slide was passed through xylene (10
minutes) and through descending concentrations of
alcohol (95, 90, and 70 %). They were stained in
haematoxylene and eosin and mounted using Distrene
Platicizal Xylene (D.P.X). Sections were observed
under a binocular microscope at x4 magnifications and
photographed. The maturity stages were interpreted by
using the identification scale of Lal,[16]; Oboh[18];
Gomnez-Marquez et al.[12]; Sehriban and Eradal[22]. 

The eggs at maturity stage 1V, immersed in Gilson
fluid were shaken vigorously to separate the connective
ovarian tissues. They were manually enumerated and
recorded. Absolute fecundity (AF) was taken as the
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number of ripe eggs in the female gonad prior to
spawning. Relative fecundity (RF) was the number of
eggs per gram of fish body weight. Relationships
between fecundity and total length, fecundity and body
weight and fecundity and gonad weight were estimated
using the regression equation F= aLb where F
represents the number of eggs, ‘a’ represents a
constant, ‘b’ represents the regression co-efficient,
while ‘L’ represents the total length (TL) in mm. 

The spawning periodicity was established by noting
that month of the year when the gonado somatic index
(GSI) was at its peak. Arithmetic mean was used to
determine gonado-somatic index thus: where GSI = 100
(Gonad weight) / (Body weight).

Linear regression was used to determine
relationships between any given pair of variables.
Correlation analysis was used to ascertain the
significance of relationships according to Khaironizam
and Norma-Rashid[15]. The length weight relationship
(W=aLb) was computed according to[6]. Using the linear
version of the equation W=aLb as log W = log a + b
log L, where W = weight of fish in gram, L = total
length of fish in millimeter, ‘a’ is a proportionality
constant while the exponent ’b’ which represents the
allometric co-efficient was tested for departure from
isometric values by using‘t’ statistics. 

The sex of the fish was determined
macroscopically by using external features according to
ldodo-Umeh[17] and microscopically by histological
examination, while the sex ration was determined
through Chi-Square (i2) analysis.

Result: Histological examination of the gonads
revealed five maturity stages as shown (Table 1).
Maturity stages 1-V depict morphological variations
which revealed gradual development of gonad cells
whose photomicrograph is presented in Fig 2aMF to
2eMF for male and female specimens.

The progressive changes observed in the intra-
ovarian diameter revealed varied spawning periodicity
which showed different peaks with the highest peak
(0.70) in the month of July (Fig 3) suggesting that the
fish spawned more than three times in the year. The
mean monthly gonado-somatic-index GSI increased
gradually from (0.22) in December to a peak value in
July (0.70) although several other gravid specimens
were encountered between April and August. However,
bigger and heavier eggs were observed during the rainy
season.

The length of the fish at sexual maturity was
established when recorded 50% of the specimen’s size
maturity was at stage 111. Based on this interpretation,
specimens whose total length was from 88.00 – 89.00
mm for males and 80.00 – 89.00 mm for females were
observed to be sexually matured, Fig 4. These

observations indicate that the females mature at a
smaller size than the males.

Vulnerability of sexually matured specimens
decreased at a total length of 210.00 mm for males and
145.00-158.30 mm for females. The length weight
relationship was highly significant (p<0.001) for males
Y=1.3037x - 0.845, r = 0.81 and for females Y=
1.503x-1.264, r = 0.82. The ‘b’ values in both sexes
were less than 3 indicative of a negative allometric
growth. 

Twenty-five gravid females harvested at different
months in the year were used for fecundity estimation.
The gonad isolated from each specimen contained eggs
of varying sizes which is an attribute of batch
spawning fishes. The ovary weight increased with fish
total length and body weight, but the number of eggs
per gram of the ovary was inversely influenced by total
length and body weight, Table 2. No significant
differences (P<0.001) was observed for the relationship
between total length and relative fecundity. Egg count
increased with fish total length, although the
relationship was not significant (p>0.05) Y= 0.0031x +
373.04, r2=0.023. Significant difference (P<0.01) was
observed for the relationship between fecundity and
body weight Y=0.0542x + 1101.2 r2=0.62 and between
fecundity and gonad weight (P<0.01) Y=0.0013x
+3.000, r2=0.74. The weight of each ovary was
influenced by fish total length and body weight, but the
number of eggs per gram of ovary was not influenced
by either total length or body weight. 

It was observed that out of a total number of 312
specimens examined, 164 were males while 148 were
females giving a sex ratio of 1:0.9. The sex ratio was
not statistically significant (using the Chi square i2

analysis) although the general trend was a dominance
of the male specimens over the females in the months
of June, July and December.

Discussion: The present result of the gonads
photomicrograph of Sarotherodon galilaeus revealed
five maturity stages, compared to six stages identified
by Fawole and Arawomo[10]. By and large the previous
and present studies indicate that matured ovaries of
Sarotherodon galilaeus were available all year round,
revealing the presence of immature oocytes in the mist
of matured ones which was an indication of fish
exhibiting multiple spawning habit. This observation
was in line with the prolific nature of the species[22].
The stages of gonad histology observed in the present
study are comparable with those of other species in the
Cichlidea family. Such gonad stages in the Cichlid
family was not comparable to features in other fish
species[2,13,22]. 

Available food resources played a significant role
in fish fecundity. Food become more abundant during 
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Table 1: Characteristic features and maturity stages of gonads isolated from Sarotherondon galilaeus.
Maturity Stages Male Gonad Female Gonad 
Resting adult stage 1: Testes are threadlike and invisible to the Ovaries are threadlike, and occupy a 
Immature cells. naked eyes. They occupy an insignificant small portion of 
Available throughout the year. part of the body cavity. Represents the body cavity. Oogonia cells are 

spermatogonia stage. Fig.2aM. numerous and compact. Fig. 2aF.
Developing stage 11: Cells are visible without aids, graduating Oogonia cells have advanced into the 
Available from March to October. into spermatocyte stage. Note the presence oocyte stage. 

of the melanomacrophage centers and Their nucleolus is not visible. Fig.2bF.
lacanae cells in Fig.2bM.

Maturation stage 111: Testis is turgid. This is the spermatid stage Cortical alveolus phase. The ovary wall is 
Pre-vitellogenic cells. Available where the capillaries are prominent. Fig. 2cM. distended occupying two third of the 
from March to October. abdominal cavity. This stage  is characterized

 by ring formation. Note the presence of the 
cortical vesicles (CV). Fig. 2cF. 

Ovulation/spawning stage 1V: The spawning stage characterized by The ovary wall becomes thin, transparent 
Available from April to October. agglutination of spermatozoa cells. Fig. 2dM. and occupies the entire visceral region with

 visible egg globules. Fig. 2d F.
Hydrated stage V: Available Seminiferous tubule is empty, flabby and Ovary shrinks with loose walls. Presence of 
From April to October. characterized by irregularly shaped degenerating corpora lutea (DCL) and 

cell walls. Fig. 2eM immature oocytes (IO). Fig. 2eF.

Table 2: Fecundity indices for Sarotherodon galilaeus caught in Onah Lake, Delta State, Nigeria
Total length(mm) Mean Mean body Mean Absolute Relative No. of Mean Sample size

ovary(g) weight. fecundity fecundity range fecundity egg/gram GSI
estimates of ovary

1300.0-1499.0 0.9 147.21  539  493-654 3.7 379 0.61 10
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1583.0-1749.0 1.5 194.68  751  661-785 3.9 214 0.77 9
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1841.0-2392.0 3.0 284.17 1,317 948-1976 4.6 103 1.06 6

the rainy/flood season as increased water volume
brought about increased food abundance[18]. Increased
food availability improved fish health (body condition)
and by extension enhanced reproduction[8,19]. 

Fecundity in the present study revealed that fish
specimens of the same length and weight exhibited
varied fecundity. This observation could be compared
with those of Fawole and Arawomo, 2000, However,
Fagade, et al.,[8] reported egg counts that were at
variance with those of present study. Low fecundity
was peculiar with specimens exhibiting either parental
care[3] and/or prolonged breeding habits[10]. High
fecundity coincided with the rainy season when
increased water volumes gave rise to flood. Most fish
species tend to spawn during flood period to enable
their recruits become distributed far and wide to
regions where food could easily be found. This was a
natural phenomenon that allowed most fishes to spawn,
so that the recruits will be dispersed with the flood to
areas of abundant food. These researchers affirmed that
high fecundity results in low survival, because of lack
of parental care. 

Data on gonado somatic index revealed that
matured eggs were available for a greater part of the
year, indicating the frequency at which the species
breed during the year. According to Fawole and
Arawomo,[10], this observation was associated with the
relatively heavier female organ which was heavily
laden with yolk deposits. The different peaks in gonado

somatic index observed may be due to the partial
spawning behavior of the species which readily yield
its oocytes during a greater period of the year[8]. 

The maturity size reported during the present study
is lower than that reported by[8,10]. This observation may
have resulted from difference in habitat, availability of
food and type of fish species. 

The length weight relationship represents a positive
or negative allometric growth based on the ‘b’ value.
Values above 3 indicate positive allometry, whereas
values below 3 revealed negative allometry[5]. The
specimens used for this study exhibited negative
allometry because its ‘b’ value was less than 3. Olele
and Obi[20] reported positive allometric growth with a
value of (3.1). This value was higher than (2.8)
reported by Arawomo[4]. A higher value (2.5-3.5) was
reported by[5]. Differences in length-weight relationship
could be due to sex, maturity stages, seasonality; time
of day food was eaten or available to the fish as
analyzed by fullness of stomach content. Fagade and
Adebisi[7] reported that in cichlids, an increase in body
weight was associated with increase in standard length.
They reported a ‘b’ value of 2.9 and 3.4 for Tilapia
melanotheron and T. guinensis respectively. 

Various reasons have been adduced for variations
in sex ratio. Variations have been reported in
specimens of the same species in the same population
over the years[10]. Olele,[21] reported that differences in
sex ratio may arise from differences in gear selectivity. 
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Fig. 2: 2aMF-2eMF: Photomicro graph and transverse section (Male and Female gonads) of Sanoiherodon
galilaeus (4x10)

The observation of the present study was the
preponderance of male over female specimens. This
was also the situation reported by[7,8]. This observation
could be explained by the fact that once the eggs were
fertilized, the females hide under vegetations where
incubation and protection of the young took place. This
activity gives room to the males who then migrate to
the feeding zones where they become more vulnerable
to catch[19]. 
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Fig. 3: Monthly trend in the gonado-somatic index of Sarotherandon galilae us caugth in Onah Lake.

Fig. 4: Size of male and female Sarotherandon galilae at sexual maturity.
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