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Abstract: The aim of the study was to determine the total fecundity, relative fecundity and Gonadosomatic
Index (GSI) in the F1 female of the different saline-tolerant strains of tilapia, namely, Oreochromis
mossambicus, a tilapia hybrid (O. spilorus x O. niloticus GIFT x O. aureus) and their crosses. There were no
significant differences in the length and weight of the female spawners among the tilapia strains. Higher total
fecundity was observed in bigger-sized fish, whereas the relative fecundity is significantly higher in the smaller-
sized fish. Total fecundity and GSI significantly varied among the tilapia strains, while there was no significant
difference in relative fecundity. Both total length and body weight were positively correlated with total
fecundity in the tilapia hybrid strain and their crosses. However, the degree of correlation was not significantly
different. Relative fecundity was negatively correlated with total length and body weight, and the degree of
correlation was significantly different in the O. mossambicus strain. 
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INTRODUCTION

Tilapia is a freshwater fish that is considered to be an
important food fish because it serves as a major protein
source in many countries. Due to the many favourable
characteristics of this fish, e.g., tolerance to adverse
environmental conditions and fast growth rates with high
potential yield (Ridha, 2004), its culture is increasingly
popular worldwide with an average annual growth rate of
14% since 1984 (Getinet, 2008). Tilapias are now the
second most popular farmed fish after carps. 

Nile tilapia, Oreochromis niltocus remains the widely
cultured tilapia species as its production accounts for
almost 75% of the total volume. However, the expansion
of commercial tilapia culture is hampered by the shortage
of fry production to meet the seasonal demands as well as
low fecundity and asynchronous spawning. There have
been techniques that were developed to alleviate the
problems of low fecundity and asynchronous spawning.
These include manipulation of environmental conditions
(Ridha and Cruz, 2000), frequency of seed removal
(Ridha and Cruz, 1998) and dietary manipulation
(Siddiqui et al., 1997). 

Even though Nile tilapia is a popular species for
culture, it is not a saline-tolerant species (Kamal and
Mair, 2005), rendering it unfavourable to culture in
brackishwater and seawater environments. On the other
hand, Mozambique tilapia, Oreochromis mossambicus,

has been reported to withstand extremely high salinities
(Hwang et al., 1989), and is regarded as one of the most
saline tolerant fish species.

The development of saline-tolerant strains/hybrids
resulted from initial observations that when tilapias were
stocked in ponds together with shrimp, the incidence of
outbreaks of the luminous vibriosis due to Vibrio harveyi
was decreased (Cruz et al., 2008). Later studies have also
shown that effluent water from tilapia contained
substances that are antagonistic to V. harveyi (Tendencia
et al., 2004, 2005). The tilapias used in high-saline culture
are the hybrid strains, particularly the hybridization of a
tilapia strain with a saline tolerant O. mossambicus
(Stickney, 1986). The hybrid strains commonly used for
high-saline culture are the red tilapia (Eguia, 1996), a
cross  between  a  male  Tilapia hornorum and a female
O. niloticus and a sex-reversed hybrid of the O. niloticus
and O. mossambicus (Cruz et al., 2008). Despite the
development of these hybrids that are adapted for high-
saline culture, there are still research efforts to develop
tilapia strains specifically suitable for culture in
brackishwater environments, including the evaluation of
other tilapia species and their hybrids.   

Previously, we developed a breeding program for the
production of saline-tolerant tilapia hybrids using
different strains that are locally available. We produced a
saline-tolerant tilapia hybrid by crossing O. mossambicus
with another hybrid, Oreochromis spilorus × O. niloticus
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GIFT × O. aureus. Results showed that the offspring of
the crosses regardless of the sex of the parental strain
were able to tolerate high salinity levels up to 50 ppt with
no mortalities (Jaspe et al., 2007). However, there is no
data on the fecundity of the saline-tolerant hybrids as the
information is necessary to ensure that there is sufficient
number of broodstock to be maintained for the continuous
supply of fry during the culture period. In order to refine
the breeding program for the production of saline-tolerant
hybrids, the objective of the study was to determine the
egg production of the parental tilapia strains and their
hybrids. We collected mature eggs from the female
spawners of the F1 of the parental strains (O. mossambicus
and the tilapia hybrid, Oreochromis spilorus × O.
niloticus GIFT × O. aureus) and their crosses. Selected
reproductive parameters including total fecundity, relative
fecundity and Gonadosomatic Index (GSI) were derived
and correlated these with total length and body weight of
the fish. The data generated in this study will be useful in
future breeding programs for saline-tolerant tilapias.

MATERIALS AND METHODS

Experimental facilities:  Breeding units consisting of 1
m3 hapas (fine-meshed breeding nets) were installed in 20
m3 concrete tanks. Water was obtained from a rainwater-
filled reservoir supplied by gravity to the experimental
facilities. The facilities are located at the Brackishwater
Aquaculture Center of the College of Fisheries and Ocean
Sciences, University of the Philippines Visayas.

Sources of experimental fish:  The study was conducted
from January-June, 2006. The fish were obtained from
batches of the crosses in our previous study (Jaspe et al.,
2007).  Oreochromis mossambicus were taken from the
holding ponds of the research center, while the tilapia
hybrid, which is a cross of O. spilorus × O. niloticus
GIFT × O. aureus, were purchased from a commercial
tilapia farm in Negros Occidental, Philippines. These two
tilapia strains are tolerant to high salinity levels even at
full seawater (35 ppt) as shown in an earlier study (Jaspe
et al., 2007). The broodstock were maintained in outdoor
tanks of the research center and supplied with flow-
through freshwater and ample aeration.   

Determination of egg production:  There were four
treatment groups: Treatment 1: female spawners from F1
of O. mossambicus parental strain, Treatment 2: female
spawners from F1 of the tilapia hybrid parental strain,
Treatment 3: female spawners from F1 of the cross
between O. mossambicus (female) × tilapia hybrid (male)
and Treatment 4: female spawners from F1 of the cross
between O. mossambicus (male) × tilapia hybrid (female).

To determine whether the size of the spawners will
have  an  effect  on  egg  production, female spawners in

Table 1: Length and weight (Mean±SD) of the female spawners used
in the study

Length (mm) Weight (g)
---------------------------------------------------------

Treatment 1 134.78±7.72 39.79±7.85
Treatment 2 136.20±8.66 43.70±9.50
Treatment 3 128.90±20.09 39.50±19.20
Treatment 4 125.30±18.24 36.70±17.30

each treatment were subdivided into three batches,
namely small-sized (30-40 g), medium-sized (41-50 g)
and large-sized group (more than 51-70 g). Each
treatment consisted of eighteen female spawners divided
into six fish for each size group.   

Individual female spawner in each treatment was
scooped out of the water and placed in a bucket of
freshwater containing 2-phenoxyethanol (Sigma, UK) at
a concentration of 1:20,000 (v/v) (Coward and Bromage,
1999). Once the fish was completely anesthetized, it was
immediately weighed and its total length was measured.
The ventral portion of the fish was dissected and mature
eggs were carefully removed and weighed. A portion of
the egg clutch (0.1-0.2 g) was taken, weighed and the
number of eggs was counted to determine the total
fecundity for each fish. Fecundity was estimated from
total counts of eggs in the ovaries of the fish in the most
advanced stage of development (Njiru et al., 2006).
Relative fecundity, expressed as the number of eggs per
unit body weight, was determined by dividing the total
number of mature eggs produced with the total body
weight of the particular female spawner. The weight of
the gonad relative to the total body weight, i.e., the
Gonadosomatic Index (GSI) was calculated as: GSI =
weight of the ovary/total body weight of the fish) x 100.

Statistical analysis: Total length, body weight, total
fecundity, relative fecundity and gonadosomatic index
data were expressed as mean±S.D. Analysis of variance
(ANOVA) was used to determine differences among the
treatment groups. If the differences were significant, the
Student’s t-test was further used for the analysis. Simple
correlation analysis (r) was used to determine the degree
of relationship between the variables tested. Data were
log10 or Arc-sine transformed when appropriate. Levels of
significance were set at p<0.05. All statistical
computations were done using a statistical software
(Systat ver 8.0, Chicago, Il).   

RESULTS AND DISCUSSION

In the present study we determined the egg
production of different strains of tilapia that have
tolerance to high salinity levels. The length and weight
data of the different female spawners of tilapia strains that
were used in the present study are shown in Table 1. F1
female spawners of O. mossambicus had average length
and   weight    of   134.78±7.72  mm   and  39.78±7.86 g,
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respectively. F1 female spawners of the tilapia hybrid had
a mean length of 136.2±8.66 mm and mean weight of
43.70±9.50 g. On the other hand, the F1 female spawners
of the cross between O. mossambicus (female) and the
tilapia hybrid (male) had mean length and weight of
128.9±20.09 mm and 39.50±19.12 g, respectively.
Whereas  the  F1  female  spawners of the cross between
O. mossambicus (male) and the tilapia hybrid (female)
had mean length of 125.30±18.24 mm and weight of
36.70±17.30 g. No significant differences in the length
and weight of the female spawners among the treatment
groups were observed. In the wild, tilapias reach 150-250
g at which the reproduce (Lowe-McConnell, 1958). The
attainment of sexual maturity of tilapias at small sizes
may reflect unstable or stressful environmental conditions
(Payne, 1983). In our study, the sizes of the tilapia strains
were within the range of the length and weight values for
the different species of tilapia during first spawning
(Coward and Bromage, 2000). 

Although these strains can grow at high salinity
levels (Jaspe et al., 2007), the female spawners were
reared in freshwater conditions. Information on the effects
of salinity on fecundity and hatchability of the eggs is
limited and often yielded varying results. For example,
hatching rates of Nile tilapia, O. niloticus females were
comparable at freshwater and brackishwater (12 ppt)
conditions and increasing the salinity to full seawater
resulted in the failure of hatching (Watanabe and Kuo,
1985). In addition, hatching and fry survival of O.
spilurus were significantly higher in well water (4 ppt)
than in seawater (40 ppt) (Al-Ahmad et al., 1988). On the
other hand, fry production of O. mossambicus was higher
in brackishwater (8.9-15.2 ppt) than in freshwater (Uchida
and King, 1962). These differences in the results could be
attributed to the strain/species of the fish, water quality,
feeding  regimes  and  culture  systems  that were used
(El-Sayed et al., 2005). Nevertheless, the tilapia strains
that we used in the study were capable of producing
mature eggs in freshwater and more work is needed to
find out egg production, hatching and fry survival of these
saline-tolerant strains at different salinity levels.    

To determine the effects of size in total fecundity of
the fish, the female spawners of the tilapia strains were
arbitrarily categorized into: small-, medium- and large-
sized groups, representing the size range of 30-75 g. In
general, higher total fecundity was observed in bigger-
sized   fish (Fig. 1). Among the tilapia strains, there was
no significant difference on the total fecundity and size of
the female  spawner  in the O. mossambicus strain
(Treatment 1). Furthermore, in the tilapia hybrid
(Treatment 2) and the crosses (Treatment 3 and 4), total
fecundity was significantly higher in the bigger-sized
(>41g) female spawners than with the smaller-sized ones
(30-40 g).

The relative fecundity, on the other hand, was
generally  higher  in  the smaller-sized (30-40 g) female

Fig. 1: Total fecundity of the different size groups of saline-
tolerant tilapia strains and their crosses. Trt 1: female
spawners from F1 of O. mossambicus parental strain, Trt
2: female spawners from F1 of the tilapia hybrid parental
strain, Trt 3: female spawners from F1 of the cross
between O. mossambicus (female) x tilapia hybrid
(male) and Trt 4: female spawners from F1 of the cross
between  O. mossambicus (male) x tilapia hybrid
(female). Column bars with different letters indicate
significant difference at p<0.05 n = 6. 

Fig. 2: Relative fecundity of the different size groups of saline-
tolerant tilapia strains and their crosses. Trt 1: female
spawners from F1 of O. mossambicus parental strain, Trt
2: female spawners from F1 of the tilapia hybrid parental
strain, Trt 3: female spawners from F1 of the cross
between O. mossambicus (female) x tilapia hybrid
(male) and Trt 4: female spawners from F1 of the cross
between O. mossambicus (male) x tilapia hybrid
(female).Column bars with different letters indicate
significant difference at p<0.05, n = 6.  

spawners (Fig. 2). This was observed in the tilapia strains
of O. mossambicus (Treatment 1) and the crosses
(Treatment 3 and 4). On the other hand, there was no
significant difference in the relative fecundity and size of
the fish in the tilapia hybrid strain (Treatment 2).

The reproductive parameters of the different tilapia
strains in the study are shown in Fig. 3. Highest total
fecundity was observed from the female spawners of the
O. mossambicus   strain   (Treatment   1),   and   this  was
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Fig. 3: Reproductive parameters: (A) Total fecundity, (B)
Relative fecundity and (C) Gonadosomatic index (GSI)
of the saline-tolerant tilapia strains and their crosses. Trt
1: female spawners from F1 of O. mossambicus parental
strain, Trt 2: female spawners from F1 of the tilapia
hybrid parental strain, Trt 3: female spawners from F1 of
the cross between O. mossambicus (female) x tilapia
hybrid (male) and Trt 4: female spawners from F1 of the
cross between O. mossambicus (male) x tilapia hybrid
(female).Column bars with different letters indicate
significant difference at p<0.05, n = 18.

significantly different from the tilapia hybrid strain
(Treatment 2)  and  their  crosses (Treatment 3 and 4)
(Fig. 3a). Relative fecundity was not significantly
different among the tilapia strains studied (Fig. 3b).
Gonadosomatic index (GSI) was highest in the female
spawners obtained from the cross between O.
mossambicus (male) × tilapia hybrid (female) (Treatment
4; 4.0±1.45 eggs/g BW) and lowest in O. mossambicus
strain (Treatment 1; 2.05±1.37 eggs/g BW) (Fig. 3c). In
addition, the GSI of the tilapia hybrid strain (Treatment 2)
and their crosses (Treatment 3 and 4) was significantly
higher than the O. mossambicus strain (Treatment 1).

Most Oreochromis species exhibit wide variations in
total fecundity (Desprez et al., 2008), and the results of
the present study is not an exception. The total fecundity
of the different tilapia strains in this study was
comparable to those obtained in O. leucosticus (Siddiqui,
1977), O. aureus (Desprez et al., 2008), O. mossambicus

Table 2: Correlation of total length (TL) and body weight (BW) and
with the different reproductive parameters in saline-tolerant
tilapias

TL vs TF TL vs RF BW vs TF BW vs RF
---------------------------------------------------------------------

Treatment 1 - 0.08ns -0.43* - 0.0003ns -0.54*
Treatment 1 0.024ns -0.232ns 0.390ns -0.403ns

Treatment 1 0.311ns -0.492* 0.317ns -0.527*
Treatment 1 0.218ns -0.320ns 0.252ns -0.364ns

ns: not significantly different at p>0.05; *: significantly different at
p<0.05

(Peters, 1983) and O. niloticus (Babiker and Ibrahim,
1979).

The total fecundity of the tilapia strains in this study
increased with maternal length and weight in general.
This was in agreement with earlier studies done on other
species of tilapia (Payne and Collinson, 1983; Coward
and Bromage, 1999; Desprez et al., 2008). Similarly, a
decrease of relative fecundity with body in the different
tilapia strains was consistent with another tilapia species,
O. niloticus (Mélard, 1986). 

When the different tilapia strains were grouped
according to size, there was wide variation in total
fecundity. This phenomenon was also observed in other
tilapia species of similar size, particularly within the large
sizes (Dadzie and Wangila, 1980; Coward and Bromage,
1999). Such variations could be attributed to the
differential abundance of food (Coward and Bromage,
2000) and the effects of age, egg size and genetic factors
(Wootton, 1979). The observed differences of these tilapia
strains could be a result of the complex interaction of the
above-mentioned factors.

When the reproductive parameters, such as total
fecundity, relative fecundity and GSI were compared
among the different high-saline tilapia strains, significant
differences were observed. Previous studies have also
confirmed the findings of this study. O. spilurus had
better   reproductive   and  spawning  performance  than
O. aureus and red tilapia hybrid (Ridha, 2004).
Differences in the reproductive potential are not only
found between species, but also among different strains of
the same species. The different strains of O. niloticus had
varying levels of reproductive potential and spawning
performance (Smitherman et al., 1988; Ridha, 2008).
Eguia (1996) also obtained significant differences in the
seed production among four strains of the Philippine red
tilapia. These discrepancies in the reproduction among
tilapia species and strains could be due to the inherent
genetic differences, variations in spawning compatibility
among species, species-specific biological differences and
environmental conditions. These factors could hold true
for the different tilapia strains used in the study and
additional works should be done to identify which among
these factors have significant effects on egg production
and other reproductive parameters.   

Table 2 shows the correlation of the different
variables   (total    length   and   body   weight)   with  the
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reproductive  performance  (total  fecundity  and relative
fecundity) of the different tilapia strains. Both total length
and body weight were positively correlated with total
fecundity in the tilapia hybrid strain (Treatment 2) and
their crosses (Treatment 3 and 4). However, the degree of
correlation was not significantly different. No correlation
was obtained in the O. mossambicus strain (Treatment 1).
Relative fecundity was negatively correlated with total
length and body weight, and the degree of correlation was
significantly different in the O. mossambicus strain
(Treatment 1) but not in the other tilapia strains
(Treatment 2, 3 and 4).

As expected, total fecundity was positively correlated
with total length and body weight, which was in
agreement with previous studies (Fagade, 1983; Dadzie
and Wangila, 1980; Duponchelle et al., 1998; Anene and
Okorie, 2008). On the other hand, a negative correlation
between relative fecundity and the different variables was
observed. However, further tests showed that the degree
of correlation between these variables were not consistent
among the different tilapia strains. Such inconsistencies
could be related to species-specific differences and other
inherent genetic factors. The number of samples utilized
in the study could also be a factor that contributed to the
varying results.

CONCLUSION

This study has demonstrated that the different saline-
tolerant strains of tilapia are able to produce mature eggs
in freshwater. Bigger-sized female spawners had higher
fecundity and there is wide variation of egg production
even within the same weight group. The reproductive
parameters, including total fecundity, relative fecundity
and GSI varied among the different strains. Both total
length and body weight are positively correlated with total
fecundity, but negatively correlated with relative
fecundity. However, significance of the correlation varied
among the tilapia strains. The results of this study are
useful in establishing breeding programs for saline-
tolerant strains of tilapia in order to ensure continuous
supply of tilapia fry through proper broodstock
management. 
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