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ABSTRACT

Condition indices, sex ratio, length at sexual maturity, fecundity and gonadosomatic indices of Sarotherodon melanotheron in the
Dominli lagoon were investigated with the aim of providing basic information on the reproductive biology of the species for
fisheries management and considerable aquaculture development in the study area. Condition indices which varied from 3.42 to
4.53 indicated that the fish were in good conditions. Sex ratio of 1:1.5 in favour of the females and length at first sexual maturity
(L) of 13.4 cm SL were determined for the fish. The fecundity ranged from 97 to 379 eggs with a mean of 206 eggs suggesting
the less-fecund nature of the fish in the lagoon. The presence of mature gonads encountered throughout the study is a suggestive
continuous recruitment into the population. S. melanotheron which sexually matures at a larger size necessitates an upward review
of the current minimum mesh size (5.1 cm) of fishing nets used in the lagoon so as to allow the fish to spawn at least once in its

lifetime prior to exploitation.
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INTRODUCTION

The Black-chinned tilapia, Sarotherodon melanotheron,
which notably provides cheap protein to many coastal
dwellers, belongs to the family Cichlidae in the order
Perciformes. The species is widely distributed in the
lagoons along the Ghanaian coast (Blay 1998). Its rapid
growth and well-being are more pronounced in the West
African closed lagoon systems (Boughey 1957). In
relation to feeding habits, S. melanotheron is reportedly
omnivorous subsisting on a variety of food items of both
animal and plant origins. Hence, it evidently occupies an
important trophic level of the aquatic food web. It is well
known for its natural ability to provide a high degree of
parental care for the young ones (Trewavas 1983).
Contributing to the knowledge of the reproductive
biology of S. melanotheron, Faunce (2000) reported on
overall sex ratio of 1:1 for the species in a seasonally
impounded mangrove ecosystem in east-central Florida.

Similarly, a sex ratio of 1:1 was determined for S.
melanotheron population in the Buguma Creek, Nigeria
(Oribhabor and Adisa-Bolanta 2009). Lengths at first
sexual maturity (L) of 5.5 cm SL and 4.6 cm SL were
respectively reported for S. melanotheron populations in
the Benya lagoon and the Kakum river estuary of Ghana
(Blay 1998). The males and females were observed to
undergo first sexual maturity at lengths 12.8 cm SL and
14.5 SL, respectively in the impounded mangrove
ecosystem, Florida (Faunce 2000). According to Faunce
(2000), although S. melanotheron had a prolonged
spawning season, the breeding activities were highly
intense in April and May. The population inhabiting
Ayamé Lake in Cote d’ Ivoire had overlapping breeding
patterns which suggested that the species bred through-
out the year (Koné and Teugels 2003). In Ghana, only
few reports have been documented on the biology of S.
melanotheron with much emphasis on their feeding and
reproductive processes (Eyeson 1979, 1983, 1992) as
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well as population characteristics (Blay and Asabere-
Ameyaw 1993, Blay 1998).

Of these scanty studies, none of them focused on
the biology of S. melanotheron in the Dominli lagoon.
An effective management of fisheries resources requires
a comprehensive insight into the reproductive biology of
species targeted for exploitation. Also, studies of the
reproductive biology of fish species play a noteworthy
role in their culture. In this light, this study aimed at
providing requisite information on the reproductive
biology of S. melanotheron to provide possible ways of
sustaining the fishery and also facilitate aquaculture
operation in the area. The study therefore dwelt on
length-weight measurements, condition index, sex ratio,
length at sexual maturity, fecundity and gonadosomatic
index of S. melanotheron in the Dominli lagoon.

MATERIALS AND METHODS

Dominli lagoon is located at Bonyere between latitudes
5°1"and 5° 2" N and longitudes 2° 44" and 2° 47" W in
the Jomoro District of Ghana as shown in Figure 1. It has
a catchment area of 465,724.14 m> It is a classical
closed lagoon (Yankson and Obodai 1999) indicating
that it normally gets separated from the sea by sand bar
for greater part of the year. However, lagoon-sea contact
is routinely established during the rainy season through
either artificial or natural means to avoid inundation of
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neighbouring farms and villages. The lagoon is naturally
fringed with mangroves and coconut trees. It serves as a
reliable source of water and fisheries resources for the
neighbouring communities. Fishing-day ban is
unobserved in the lagoon. Cast nets and funnel-shaped-
entrance fish traps made of wire mesh were the fishing
gears for fishing activities in the lagoon.

Monthly samples were regularly collected in the
lagoon for 12 months (October, 2011- September, 2012).
Fish samples obtained from the fishermen were kept in
an ice chest with ice cubes and transported to the
laboratory for analysis. Each fish specimen was counted
and measured for its standard length (SL) and total
length (TL) to the nearest 0.1 cm by using a measuring
board. In addition, each specimen was weighed to the
nearest 0.01g using an electronic weighing balance
(model FEL-500S). The well-being of each fish
specimen was determined using the formula below
(Pauly 1993):

CI=100W/SL? (1)
where CI = condition index, SL = standard length of fish
and W = wet weight of fish specimen.

Fish specimens were dissected and the sexes determined
by inspection of the gonads. The monthly sex ratio
(male: female) as well as the overall monthly sex ratio of
the specimens was determined. The mean length of the
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Figure 1. Location of Dominli lagoon in the Western Region of Ghana
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fish at sexual maturity (L,,) described as the length at
which 50 % of all individuals were sexually matured
(Pitt, 1970) was estimated for the females only because
their gonad maturation stages were more perceptible than
that of the males. Four stages of gonad maturation were
determined for the female specimens using histological
procedures described by Witte and Van Densen (1995).

The ovaries of the females were staged as:

Stage I — Immature: ovaries translucent; small eggs can
be seen with magnifying glass;

Stage Il — Developing: Ovaries pinkish; eggs visible to
eye;

Stage III — Developed: Ovaries with eggs clearly
discernible; ovaries occupy about two-thirds of central
cavity;

Stage IV — Gravid / Ripe or ready to spawn, eggs
completely round and released from ovary with slight
pressure on abdomen.

Based on these gonadal maturity stages, individuals
with gonads staged as IIl and IV were considered
sexually mature. Hence, the length at which 50% of the
individuals were mature was estimated using cumulative
length-frequency plot fitted with logistic regression
curve (Sendecor 1956, Sparre and Venema 1992).
Fecundity, defined as the number of ripe eggs present in
the ovary of a fish, was determined using the whole
count method (Ezenwaji and Offiah 2003). The ripe
gonads of the females were gently and carefully removed
after dissection and stored in 10 % formalin for two
weeks to free the individual eggs. The eggs were washed
and counted for further analysis. The gonadosomatic
index (GSI) of each specimen was determined using the
formula:

Weight of gonad % 100%

S Total body weight 2)

RESULTS

The monthly mean condition indices of both male and
female S. melanotheron in the Dominli lagoon (Figure 2)
indicated that values for the males slightly fluctuated
from October, 2011 to March, 2012, after which it rose
sharply to a peak of 4.2 + 0.13 in April, 2012. This was
followed by a sudden fall in May, 2012 with subsequent
minor fluctuations occurring until September, 2012.
However, the condition indices for the males ranged
from 3.5 £ 0.12 in October, 2012 to 4.48 + 0.13 in April,
2012. On the other hand, from 3.42 +0.12t0 4.53 +0.15

was the range of mean condition indices for the female
S. melanotheron in the lagoon. The lowest and highest
condition indices for the females were obtained in
December, 2011 and April, 2012, respectively. In
general, the condition indices for both sexes of S.
melanotheron in the lagoon followed the same pattern.
In addition, both sexes had high condition indices in the
month of April, 2012. There was no significant
difference (p > 0.05) between the condition factors of
both male and female S. melanotheron in the lagoon.
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Figure 2. Monthly mean condition indices of male and female
Sarotherodon melanotheron in Dominli lagoon (vertical bars
represent standard errors)

The monthly sex ratios of S. melanotheron (Table 1)
indicated that apart from the months of May, June,
August and September, 2012 where more males of S.
melanotheron were caught from the lagoon, the females
of S. melanotheron dominated the black-chinned tilapia
fishery for the rest of the months. However, the overall
sex ratio (M: F) of S. melanotheron was 1: 1.15 which
was significantly different (P < 0.05) from the normal
expected sex ratio (1:1) of fish populations.

From Figure 3, the mean size at sexual maturity was
determined as 13.4 cm SL. However, the sexually mature
female S. melanotheron with the smallest size had a
standard length of 9.2 cm.

The fecundity of S. melanotheron (Figure 4) was
presented as a scatter plot relating total number of eggs
to the standard length of individual fish with ripe
ovaries. The number of ripe eggs of S. melanotheron in
the lagoon ranged from 97 to 379 eggs with a mean of
206 eggs. The relationship between fecundity (F) and
standard lengths (SL) of S. melanotheron was
represented as F =3.754SL + 154.12. The relationship
between fecundity and body
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Table 1. Sex ratios of Sarotherodon melanotheron in
Dominli lagoon (October 2011— September 2012)

Month Male Female Sex ratio ¥ Significance
™M () (M)

Oct2011 62 64 1.00:1.03 0.031 NS
Nov 2011 51 64 1.00:1.25 1.476 NS
Dec 2011 51 66 1.00:1.29 1.923 NS
Jan2012 43 67 1.00: 1.59 5.236 S
Feb2012 45 54 1.00:1.20 0.818 NS
Mar 2012 19 37 1.00:1.95 5.786 S
Apr2012 44 63 1.00:1.43 3.374 NS
May 2012 49 46 1.07 : 1.00 0.095 NS
Jun 2012 27 26 1.04: 1.00 0.019 NS
Jul 2012 23 27 1.00:1.17 0.32 NS
Aug2012 40 18 2.20:1.00 8.345 S
Sep2012 33 27 1.20: 1.00 0.6 NS
Total 487 559 1.00:1.15* 4.956 S

*indicates overall monthly sex ratio, S = significant and NS = not
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Figure 3. Length at sexual maturity of female S. melanotheron in the

Dominli lagoon

weights of S. melanotheron in the lagoon was also
established (Figure 5). Fecundity-body weight relation-
ship of S. melanotheron in the lagoon yielded a regres-
sion equation as F = 176.44 + 0.2821BW (r = 0.19).
The monthly variations of the GSI for both male
and female S. melanotheron in the Dominli lagoon
(Figure 6) indicate that the mean GSI of the male S.
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Figure 4. Relationship between fecundity and standard length for
Sarotherodon melanotheron in Dominli lagoon from October,
2011 to September, 2012
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Figure 5. Relationship between fecundity and body weight for
Sarotherodon melanotheron in Dominli lagoon from October,
2011 to September, 2012

melanotheron varied from 0.025 + 0.79 t0 0.075 = 3.31.
The GSI of the males sharply fluctuated from October,
2011 to February, 2012, after which it reduced gradually
until May, 2012. This was followed by a gentle rise
which extended to a value of 0.063 = 2.7 in August,
2012. However, the mean GSI for the female S.
melanotheron in the Dominli lagoon ranged from 0.24 +
0.86 to 1.74 + 6.57. The pattern of GSI for the females
was almost similar to that of the males. Comparatively,
the GSI of the females in general were significantly
higher than those of the males (P < 0.05). Four peaks
were shown in the trend of GSI for female S.
melanotheron. Of the four peaks identified, the major
ones occurred in December, 2011 and February, 2012
with the minor ones in April, 2012 and July, 2012.
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Figure 6. Monthly mean gonadosomatic indices (GSI) of male and
female Sarotherodon melanotheron in Dominli lagoon (bars
represent standard errors)

DISCUSSION

Condition factor is notably employed in fisheries studies
in order to assess the condition, fatness or well-being of
fish. It is based on the hypothesis that heavier fish of a
certain length are in a better physiological condition
(Bagenal 1978). Ndimele et al. (2010) confirmed S.
melanotheron with condition factor range of 2.38 - 2.39
to be in better conditions in the Ologe lagoon (Nigeria).
It could therefore be inferred that the same species in the
Dominli lagoon are also in better conditions (3.42 -4.53)
and this finding is further complemented by Fagade
(1979). The present study which portrayed that there
were no significant differences (p > 0.05) between the
condition indices of both sexes is in agreement with the
findings by Kon¢ and Teugels (2003). Likewise, Anene
(2005) did not find any significant variations between
condition factors of S. melanotheron with respect to sex.

Seasonal variations were observed in condition
factors of S. melanotheron. This complements the
finding by Oni et al. (1983) who noted that condition
factor was not constant for a species or population over
time due to influence by both biotic and abiotic factors
such as state of gonadal development and feeding
regime, respectively. Panfili et al. (2004) and Niyonkuru
and Laleye (2012) found high condition factor in the dry
season for S. melanotheron. However, high condition
factor was observed in the wet season for the same
species in the present study. Probably, the lagoon was
sufficiently resourced with food materials principally
generated from land runoffs during the rainy season and
this might have contributed to the high condition indices
observed for S. melanotheron population in that season.

Reproductive success of a fish population partly
depends on sex ratio in an aquatic system. Sex ratio is a
biological indicator which provides basic information on
proportions of males and females in a population.
Consequently, it provides more clues on the dominating
sex in a population of fish. It is also noted as a tool for
assessing the reproductive potentials of a fish population.
The dominance of a particular sex has its own specific
implications (Vicentini and Araujo 2003; Morgan 2008).
Oribhabor and Adisa-Bolanta (2009) reported an overall
sex ratio of 1:1 for S. melanotheron in the Buguma creek
(Nigeria) confirming the normal sex ratio expected in
fish populations. A sex ratio of 1.00:1.15 was however
observed for S. melanotheron in the Dominli lagoon in
favour of the females. According to Yankson (1996), the
preponderance of females in a population prior to onset
of adverse conditions happens to be a strategy to
improve breeding success as a few males could
contribute to fertilization of numerous eggs. Hence, the
dominance of the female S. melanotheron in the lagoon
during the dry season when the water level was
extremely low with its attendant disconnection from the
sea could be due to a strategic approach by S.
melanotheron populations to enhance breeding success
so as to stabilise the ichthyomass of the fish stock.

According to Trewavas (1983), the males of the
species generally brood the young ones in their mouths,
a situation which makes them inactive thereby limiting
their movements. It could therefore be inferred that the
abundance of the females in the traps could also be due
to their activeness to swim into the fishing gears.
Temperature reportedly bears an influence on sex ratios
in fish populations (Patino et al. 1996; Baroiller et al.
1999) especially cichlids, as the sexes are labile at the
infant stages. On this basis, Baroiller and D’Cotta (2001)
specifically revealed that high water temperatures
promote female-biased sex ratios while low temperatures
produce male-biased sex ratios. Relatively high number
of female S. melanotheron observed during sunny
periods (March — April, 2012) in the Dominli lagoon is
in agreement with the findings by Patino et al. (1996)
and Baroiller et al. (1999).

First sexual maturity (L,,) of 5.5 cm SL and 4.6 cm
SL were documented for S. melanotheron populations in
the Benya lagoon and the Kakum river estuary,
respectively (Blay 1998). L,, (13.4 cm SL) observed for
the same population in the lagoon for the present study
is certainly higher than those reported by Blay (1998). It
could be inferred that S. melanotheron in both Benya
lagoon and Kakum river estuary relatively mature
sexually at a smaller size as compared to the Dominli
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lagoon. It is therefore conceivable that S. melanotheron
from different localities mature sexually at different
bodily sizes. The sexual maturity phase which occurs at
later stage of development in the S. melanotheron
population of the Dominli lagoon possibly suggests that
the averaged mesh size (5.1 cm) of fishing gears used in
the lagoon could be increased so as to allow the females
to spawn at least once in their lifetime prior to
exploitation.

Gonadosomatic index is an important aspect of fish
reproductive biology which gives information necessary
for successful fisheries management and recruitment of
fish populations in aquatic systems (Njiru et al. 2006;
Adebisi 2012). Good understanding of gonadosomatic
index of fish populations enhances interpretation of their
breeding patterns (Wootton 1998; Mahboob and Sheri
2002) as well as determination of breeding seasons for
fish species (Weng et al. 2005). Highest peak of GSI
recorded in February, 2012 for S. melanotheron in the
Dominli lagoon shows a build-up of mature sexual
products in the fish. According to Faunce and Lorenz
(2000), accumulation of sexual products which is a
characteristic of enhanced reproduction in cichlids is
normally accelerated at high temperatures. A similar
observation was made in the S. melanotheron population
for the current study as high values of GSI were recorded
at high temperatures in the lagoon.

Decline in GSI of both female and male fish which
occurred from February to June, 2012 indicated shedding
of their mature sexual products (Ghanbahadur and
Ghanbahadur 2012). Hence, it could be inferred that the
major breeding activity entered the rainy season. This
agrees with Faunce (2000). It could be deduced that
much fingerlings considered for stocking aquaculture
holding facilities could be obtained in the rainy season.
The major breeding which occurred just before the heavy
downpour could be ascribed to a strategy for ensuring
maximum survival of offspring as the wet season is
characterized by high volume of water (more spaces) and
availability of food. According to Wootton (1998), the
GSI of total spawners is more often than not high just
prior to spawning but reduces drastically after spawning.
On the basis of this, S. melanotheron in the Dominli
lagoon could be described as total spawners.

Welcomme (1967) reported that the ovary of a ripe
female cichlid, Oreochromis leucostictus, represents
only 3 % of the body weight. Wootton (1979) indicated
that, in some species, the ovaries form 20 — 30 % of the
body weight. The ovaries in other species constitute less
than 5 % of the body weight (Wootton 1998). In the
present study, the ripe ovary percentage was less than 5

% of the body weight but on the average greater than 3
% reported for O. leucostictus by Wootton (1998). The
differences could partly be attributed to variations in the
temporal pattern of egg development and spawning.

According to Koné and Teugels (2003), S. melano-
theron in Ayamé Lake (Cote d’ Ivoire) reproduced
almost throughout a year with their breeding activities
overlapping. The presence of mature gonads observed
throughout the sampling events in the present work
suggests that S. melanotheron bred throughout the year
in the lagoon. This agrees with Fagade (1973) and
Legendre and Ecoutin (1989). The continuous repro-
duction and protection for eggs through oral brooding
exhibited by S. melanotheron in the Dominli lagoon
might have contributed to their population abundance
and resilience. Babiker and Ibrahim (1979) reported that
several peaks observed in GSI trends of fish populations
suggest that the fish breed more than once a year. Hence,
the breeding pattern (GSI) of female S. melanotheron
which exhibited several peaks indicated that the fish
spawned in multiplicity within a year.

Assessment of fecundity is one of the fundamental
requirements for the study of the biology and population
dynamics of fish (Kingdom and Allison 2011). The
number of eggs produced by fish at a particular time is a
critical biological trait that attracts much attention when
considering fish populations for aquaculture operation.
Proliferation of young ones with consequent competition
for life-sustaining resources may occur in holding
facilities if brood stocks frequently lay a great number of
eggs with associate high rate of hatching success and
negligible predation.

The range of fecundity observed for S. melano-
theron in the Dominli lagoon points to the fact that the
species is relatively less fecund. According to Baylis
(1981), parental care is more prevalent in freshwater
families. The care is mostly shown by many African
cichlids with the eggs and larvae normally brooded in the
buccal cavity of either the male or female (Fryer and Iles
1972). In some instances, the free-swimming fry retreat
to the parent’s mouth whenever danger arises. Such
species are ordinarily characterised by relatively low
fecundities but large eggs (Welcomme 1967, Moyle and
Cech 2000).

According to Trewavas (1983), members of the
genus Sarotherodon practice mouthbrooding. Hence, the
low fecundity noted for S. melanotheron in the present
work could be attributed to the practice of oral brooding
by S. melanotheron as a great number of eggs cannot be
orally brooded at a time. Yanagisawa (1986) reported
that one of the key benefits derived from subjecting male
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fish to oral brooding is to allow the female fish to be
liberated from parental duties which consequently
accelerates spawning activity. This phenomenon could
contribute to year-round recruitment (Wootton 1998) as
observed for S. melanotheron in the Dominli lagoon.
Gerking (1980) suggested that abrupt changes in water
levels may also cause reduced fecundity. Dominli lagoon
which is a classical closed lagoon (Yankson and Obodai
1999) had varied water levels during the study. Hence,
the low fecundity for S. melanotheron in the lagoon may
also be ascribed to drastic changes in water levels caused
by rapid inflow of freshwater from nearby forest and
outflow into the adjacent sea, especially during the rainy
season.

The current study on fecundity for S. melanotheron
revealed that number of ripe eggs for the female
individuals within the population were at variance with
one another. According to Siddiqui et al. (1997),
variation in fecundity may be attributed to differential
abundance of food within members of population. It
could therefore be inferred that the individuals of S.
melanotheron popula-tion might have fed at different
intensities, hence that might have contributed to the
differences in fecundity among the females in the
lagoon. However, marked dis-similarities in fecundity
recognised among species often reflect different
reproductive strategies (Murua and Saborido-Rey 2003).
In addition, fecundity may vary within different species
as a result of different adaptations to environmental
habitats (Witthames et al. 1995).

The regression coefficients (r) of 0.13 and 0.19
generated for the respective fecundity-standard length
and fecundity-weight relationships indicated poor
correlations. Wootton (1984) postulated that large fishes
normally lay a great number of eggs at a time with strong
positive correlation between length and fecundity. On
this basis, Kjesbu et al. (1989) asserted that fecundity is
said to vary yearly within a stock and has been shown to
be directly proportional to fish size and condition. Bone
etal. (1995) also reported that fecundity of fish increases
with age and size. The situation, however, is different for
S. melano-theron in the Dominli lagoon as there was no
clear evidence to suggest that larger fishes laid more
eggs or smaller ones laid low number of eggs.

CONCLUSIONS

Generally, both the male and female S. melanotheron in
the lagoon were in good conditions. The female S.
melanotheron noted to be less fecund were preponderant

over the males in the Dominli lagoon. The breeding
activities of S. melanotheron occurred throughout the
year with the major breeding activity occurring in the
wet season and the minor one in the dry season. The
reproductive attributes of the species seemed to be
promising for aquaculture development in the area. The
minimum mesh size (5.1 cm) of fishing gears utilised by
the local fishermen in the lagoon could be upwardly
reviewed allowing the females to carry out their natal
roles at least once in their lifetime before they are
eventually exploited.

ACKNOWLEGMENTS

We are grateful to Coastal Resources Center of the
United States Agency for International Development
(CRC-USAID) for funding the field work.

REFERENCES

Abowei, J.F.N.2010. The condition factor, length-weight relationship
and abundance of llisha africana (Block 1975) from Nkoro
River Niger Delta. Advance Journal of Food Science
Technology 2: 6-11.

Adebisi, F. A. 2012. Aspects of reproductive biology of big eye grunt
Brachydeuterus auritus (Valenciennes, 1832). Nature and
Science 10: 19-24.

Anene, A. 2005. Condition factor of four cichlid species of a man-
made lake in Imo State, Southeastern Nigeria. Turkish Journal
of Fisheries Aquatic Sciences 5: 43 — 47.

Babiker, M.M. and Ibrahim, H. 1979. Studies on the biology of
reproduction in the cichlid Tilapia nilotica (L): gonadal
maturation and fecundity. Journal of Fish Biology 14: 437-448.

Bagenal, T.B.1978. Aspects of fish fecundity. Pages 75-101, In:
Gerking, S.D. (Editor) Ecology of Freshwater Fish Production.
Halsted Press, New York.

Baroiller, J.F. and D’Cotta, H. 2001. Environment and sex
determination in farmed fish. Comparative Biochemistry and
Physiology 130 (Part C): 399-409.

Baroiller, J.F.; Guiguen, Y. and Fostier, A. 1999. Endocrine and
environmental aspects of sex differentiation in fish. Cellular
and Molecular Life Sciences 55: 910-931.

Baylis, J.R. 1981. The evolution of parental care in fishes, with
reference to Darwin’s rules of male sexual selection.
Environmental Biology Fish 6: 223 — 257.

Blay, J. 1998. Growth and mortality parameters of Sarotherodon
melanotheron melanotheron (Teleostei: Cichlidae) in two
brackish water systems in Ghana. Ghana Journal Science 38:
47-55.

Blay, J. and Asabere-Ameyaw, A. 1993. Assessment of the fishery of
astunted population of the cichlid, Sarotherodon melanotheron
(Riippel), in a closed lagoon in Ghana. Journal of Applied
Ichthyology 9: 1-11.



252

Arizi et al.: Reproductive Biology of Sarotherodon melanotheron

Int. J. Ecol. Environ. Sci.

Bone, Q.T.; Marshall, N.B. and Blaxter, J.H.S. 1995. Biology of
Fishes. BOS Scientific Publishers (Taylor and Frames Group),
Oxfordshire. 332 pages.

Boughey, A.S. 1957. Ecological studies of tropical coast-lines. West
African Journal of Ecology 45: 665 —687.

Eyeson, K.N. 1979. Studies on egg production, spawning and fry
development in Tilapia melanotheron. Ghana Journal Sciences
17: 26-34.

Eyeson, K.N. 1983. Stunting and reproduction in pond-reared
Sarotherodon melanotheron. Aquaculture 31: 257-267.
Eyeson, K.N. 1992. Residual biparental oral-brooding in the
blackchin fish, Sarotherodon melanotheron. Journal Fish

Biology 41: 145-146.

Ezenwaji, H.M.G. and Offiah, F.N. 2003. The biology of Pellonula
leonensis Boulenger, 1916 (Osteichthyes:Clupeidae) in
Anambra river, Niger. Bio-Research 1: 33-50.

Fagade, S.O. 1973. Age determination in Tilapia melanotheron
(Ruppel) in the Lagos lagoon, Lagos, Nigeria. pages 71 —77,
In: Bagenal, T.B. (Editor) Ageing of fishes. Old Working,
Unwin Brothers Ltd, England.

Fagade, S.0. 1979. Observations on the biology of two species of
Tilapia from Lagos lagoon, Nigeria. Bulletin de Instituto
Francais d’ Afrique Noire 41: 628-653.

Faunce, C.H. 2000. Reproduction of blackchin tilapia, Saro-
therodon melanotheron, within an impounded mangrove
ecosystem in east-central Florida. Environmental Biology
of Fishes 57: 353-361.

Faunce, C.H. and Lorenz, J.J. 2000. Reproductive biology of the
introduced Mayan cichlid, Cichlasoma urophthalmus,
within an estuarine mangrove habitat of southern Florida.
Environmental Biology Fishes 58: 215-225.

Fryer, G. and Iles, T.D. 1972. The Cichlid Fishes of the Great
Lakes of Africa:Their Biology and Evolution. Oliver and
Boyd, Edinburgh, Scotland, UK.

Gerking, S.D. 1980. Fish reproduction and stress. Pages 569-587,
In: Ali, M.A. (Editor) Environmental Physiology of Fishes.
Plenum, New York.

Ghanbahadur, G.A. and Ghanbahadur, R.G. 2012. Study of
gonadosomatic index of freshwater Cyprinus carpio. Trends
in Fisheries Research 1: 32 — 33.

Khallaf, E.; Galal, M. and Athuman, M. 2003. The biology of
Oreochromis niloticus in a polluted canal. Ecotoxicology
12: 405 - 416.

Kingdom, T. and Allison, M.E. 2011. The fecundity, gonado-
somatic and hepatosomatic indices of Pellonula leonensis
in the lower Nun river, Niger delta, Nigeria. Current
Research Journal of Biological Sciences 3: 175-179.

Kjesbu, O.S.; Witthames, P.R.; Solemdal, P. and Greener, W.M.
1989. Temporal variations in the fecundity of Arcto-
Norwegian cod (Gadus morhua) in response to natural
changes in food and temperature. Journal of Sea Research
40: 303-332.

Koné, T. and Teugels, G. G. 2003. Food habits of brackish water
tilapia Sarotherodon melanotheron in riverine and
lacustrine environments of a West African coastal basin.
Hydrobiologia 490: 75-85.

Legendre, M. and Ecoutin, J.M. 1989. Suitability of brackish
water Tilapia species from the Ivory Coast for lagoon
aquaculture. Aquatic Living Resources 2: 71-79.

Luff, R.M. and Bailey, G.N. 2000. Analysis of size changes and
incremental growth structures in African catfish Synodonts
schall (schall) from Tell el-Amarna, Middle Egypt. Journal
of Archeology Sciences 27: 821- 835.

Mahboob, S. and Sheri, A.N. 2002. Relationship among gonad
weight, liver weight and body weight of major, common and
some Chinese carps under composite culture system with
special reference to pond fertilization. Asian-Australian
Journal of Animal Science 15: 740-744.

MFRD (Marine Fisheries Research Division). 2002. Focus on the
marine fisheries research division. Directorate of Fisheries,
Ministry of Food and Agriculture, Ghana. 8 pages.

Morgan, M.J. 2008. Integrating reproductive biology into
scientific advice for fisheries management. Journal North-
west Atlantic Fishery Science 41: 37-51.

Moyle, B.P. and Cech, J.J.J. 2000. Fishes. An Introduction to
Ichthyology. Prentice Hall, New Jersey. 612 pages.
Murua, H. and Saborido-Rey, F. 2003. Female reproductive
strategies of marine fish and their classification in the North
Atlantic. Journal Northwest Atlantic Fisheries Science 33:

23-31.

Ndimele, P.E.; Kumolu-Johnson C.A.; Aladetohun, N.F. and
Ayorinde, O.A.2010. Length-weight relationship, condition
factor and dietary composition of Sarotherodon melano-
theron, Ruppel, 1852 (Pisces: Cichlidae) in Ologe lagoon,
Lagos, Nigeria. Agriculture and Biology Journal North
America 1: 584 - 590.

Niyonkuru, C. and Laleye, P. 2012. A comparative ecological
approach of the length-weight relationships and condition
factor of Sarotherodon melanotheron (Riippel, 1852) and
Tilapia guineensis (Bleerker, 1862) in Lakes Nokou¢é and
Ahémé (Bénin, West Africa). International Journal of
Business Humanities and Technology 2: 41-50.

Njiru, M.; Ojuok, J.E.; Okeyo-Owuor, J.B.; Muchin, M.; Ntiba,

M.J. and Cowx, [.G. 2006. Some biological aspects and life

history strategies of Nile tilapia Oreochromis niloticus (L.)

in lake Victoria, Kenya. African Journal of Ecology 44: 30-

41.

S.K.; Olayemi, J.Y. and Adegboye, J.D. 1983. The

comparative physiology of Synodonts schall, Sarotherodon

melanotheron and Tilapia zillii. Journal of Fish Biology 22:

105-109.

Oribhabor, B.J. and Adisa-Bolanta, A.S. 2009. Aspects of the
biology of Sarotherodon melanotheron and Tilapia
guineensis (Perciformes: Cichlidae) in Buguma Creek,
rivers state, Nigeria. Nigerian Journal of Agriculture, Food
and Environment 5: 5-9.

Panfili, J.; Mbow, A.; Durand, J.D.; Diop, K.; Diouf, K.; Ndiaye,
P. and Lag, R. 2004. Influence of salinity on life-history
traits of the West-African black-chinned tilapia (Saro-
therondon melanotheron): Comparison between the Gambia
and Saloum estuaries. Aquatic Living Resources 17: 65-74.

Patino, R.; Davis, K.B. and Schoore, J.E. 1996. Sex differ-
entiation of channel catfish gonads: normal development

Oni,



40: 245-253

Arizi et al.: Reproductive Biology of Sarotherodon melanotheron

253

and effects of temperature. Journal of Exploration Zoology
276:209-218.

Pauly, D. 1993. Fishbyte section editorial. Naga. ICLARM
contribution. 16, 26.

Pitt, T. K. 1970. Distribution, abundance and spawning of
yellowtail flounder, Limanda ferruginea, in New Found-
land area of the North West Atlantic. Journal Fisheries
Research Board Canada 27: 2261-2271.

Sendecor, G.W. 1956. Statistical Methods. Iowa State College
Press, Iowa. 534 pages.

Siddiqui, A.Q.; Al-Harbi, A.H. and Al-Hafedh, Y.S. 1997. Effects
of food supply on size at first maturity, fecundity and
growth of hybrid tilapia, Oreochromis niloticus (L) %
Oreochromis aureus (Steindachner), in outdoor concrete
tanks in Saudi Arabia. Aquatic Research 28: 341-349.

Sparre, P. and Venema, S. C. 1992. Introduction to tropical fish
stock assessment, Part 1. Manual. FAO Fisheries Technical
Paper 306/1 Rev. 1 FAO, Rome. 376 pages.

Trewavas, E. 1983. Tilapiine Fishes of the Genera Sarotherodon,
Oreochromis and Danakilia. British Museum of Natural
History, Publication Number, 878. Comstock Publishing
Associates, Ithaca, New York. 583 pages.

Vicentini, R.N. and Araujo, F.G. 2003. Sex ratio and size

furnieri (Perciformes:
Sciaenidae) in Sepetiba Bay, Rio de Janeiro, Brazil.
Brazillian Journal Biology 3: 559-566.

Wade, J.W. 1992. The relationship between temperature, food
intake and growth of brown trout, Sa/mo trutta (L) fed with
natural and artificial pelleted diet in earthen pond. Journal
of Aquatic Sciences 7: 59-71.

Welcomme, R.L. 1967. The relationship between fecundity in the
mouthbrooding cichlid fish, Tilapia leucosticta. Journal of
Zoology 151: 453-468.

structure of Micropogonias

Weng, J.S.; Liu, K.M.; Lee, S.C. and Tsai, W.S. 2005. Repro-
ductive biology of the blue sprat Spratelloides gracilis in
the waters around Penghu, Central Taiwan Strait.
Zoological Studies 44: 475-486.

Witte, F. and Van Densen, W.L.T. 1995. Fish Stocks and
Fisheries of Lake Victoria. A Handbook for Field
Observations. Cardigan, Britain, Samara Publishing,
Cardigan U.K. 404 pages.

Witthames, P.R.; Greener, W. M.; Dinis, M.T. and Whiting, C.L.
1995. The geographical variation in the potential annual
fecundity of dover sole, Solea solea, from European shelf
waters during 1991, Netherland. Journal of Sea Research
34:45-58.

Wootton, R.J. 1984. Introduction: tactics and strategies in fish
reproduction. Pages 1-12, In: Potts, G.W. and Wootton, R.J.
(Editors) Fish Reproduction: Strategies and Tactics.
Academic Press, London.

Wootton, R. J. 1979. Energy costs of egg production and
environmental determinants of fecundity in teleost fishes.
Symposium for Zoological Society, London 44: 133-159.

Wootton, R. J. 1998. Ecology of Teleost Fishes. Kluwer
Academic Publication, Dordrecht. 379 pages.

Yanagisawa, Y. 1986. Parental care in a monogamous mouth-
brooding cichlid Xenotilapia  flavipinnis in Lake
Tanganyika. Japanese Journal of Ichthyology 33: 249-261.

Yankson, K. 1996. Sexual differentiation of Crassostrea tulipa in
two contrasting brackishwater environments. Journal of
Molluscan Studies 62: 137-141.

Yankson, K. and Obodai, E.A. 1999. An update of the number,
types and distribution of coastal lagoons in Ghana. Journal
of Ghana Science Association 2: 26-31.

Received 3 December 2014,
Accepted 29 December 2014



