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Abstract 

Better management of tilapia hatcheries depends on effective factors on spawning and is 

affected by different factors. Nile tilapia Oreochromis niloticus were held at a water 

salinity of 11.5ppt, a temperature of 27±0.5°C. Fish were fed a 40% protein food. 

Absolute fecundity varied between 50 and 2600 (mean 853±25) eggs per clutch. Relative 

fecundity varied from 0.29 to 6.8 (mean 2.77±0.13) eggs/g of female. Mean of wet weight 

of egg clutches was 4.98±0.31g during the study period, increasing with size of female 

(p<0.05). Mean wet weight of each egg was 0.0062±0.0001g. Diameter of the eggs varied 

between 1.8 to 3.5mm and its mean was 2.58±0.009mm increasing with average length 

and weight of spawners. The impact of sex ratio, stocking density, photoperiod, water 

salinity and replacement period on spawning performance of Oreochromis niloticus were 

investigated. Sex ratios 1:1, 1:4 and 1:7 (Male: Female), stocking densities 2, 3.5 and 5 

fish/m3, photoperiods 6:18, 12:12 and 18:6 (Light: Dark) hours, water salinities 0, 4, 8 

and 12 ppt, also 10- and 15-days replacement of breeders were studied. Fecundity, 

breeder and egg per day, spawning intervals, egg diameter and weight were investigated. 

Results showed stocking density 5 fish/m3, photoperiod 12:12 h, 8 ppt water salinity and 

10 days replacement had better performance. 
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Introduction 

Tilapias are the second most farmed 

aquatic species in the world after carps. 

Tilapia is grown in more than 135 

countries and its annual global 

production is more than 7.2 million tons. 

The production of Nile tilapia 

Oreochromis niloticus is more than 70% 

of all tilapias. In some countries, tilapia 

breeders are limited in their production 

of juveniles, and there is a large gap 

between the number of eggs and 

juveniles available and the demand of 

breeders. Tilapia seed producers are also 

usually faced with a number of 

constraints that limit the management of 

mass seed production [In: El-Sayed, 

2006 (Little et al., 1993; Bhujel, 2000)]. 

Therefore, optimizing the management 

of tilapia breeding hatcheries is essential 

for sustainable egg production and 

increasing breeding output. Tilapia 

sexual maturity and spawning 

performance resulted from different 

factors especially the total 

environmental approach, age and 

weight, stocking density, sex ratio and 

nutrition (Popma and Masser, 1999; 

Coward and Bromage, 2000; Tahoun et 

al., 2008). 

     The establishment and selection of 

tilapia propagation system needs expert 

review. In this regard, it is necessary to 

particular consider regional 

characteristics, production program and 

investment purpose. Producers are the 

most important foundation of the 

reproduction workshop. It is very 

important to pay attention to the origin 

of the breeders and to maintain and 

stabilize the proper storage conditions in 

the breeding workshop. Optimal 

spawning and artificial incubation of 

eggs increase the efficiency of the tilapia 

breeding. Proper reproduction efficiency 

can be achieved by using a suitable 

incubation system and establishing 

optimal conditions for the eggs to bloom 

and become floating juveniles and to 

improve the methods of preserving eggs 

and fries. 

     There are few investigations about 

reproductive biology of Nile tilapia in 

brackish water condition. Tilapia 

aquaculture is relatively new in Iran 

(Rajabipour, 2013). Reproduction of 

Nile tilapia in brackish water condition 

in Iran is studied (Mashaii, 2012 and 

2016). The absolute and relative 

fecundity and spawning intervals of 

cultured O. niloticus in brackish water 

were measured. The optimum ranges for 

sex ratio, density, photoperiod, salinity 

and exchange periods of black female O. 

niloticus in brackish water are 

investigated as the effective factors for 

reproduction performance. 

 

Materials and methods 

Studies were performed in hatchery of 

National Research Center of Saline 

Water Aquatics in Bafq, at the center of 

Iran. 

     Nile tilapia (Oreochromis niloticus) 

broodfish were stocked at 5/m3 in six 3 

m3 fiberglass tanks, during 15 months. 

Sex ratio was 1:3 (M: F). Elastomer tags 

were used for recognition of female fish. 

Water flow of the hatchery was a 

continuous 5 l/s. Water was constantly 

aerated to maintain dissolved oxygen 

saturation via a central air blower. Fish 
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were fed a 40% protein diet. Light 

regime was 18:6 (L:D) at 2,500 lux. 

Water salinity was about 11.5 ppt, water 

temperature, and pH was maintained at 

27±0.5°C, and 7.6–8.1, respectively. 

     Separate experiments conducted to 

investigate the density, sex ratio, 

photoperiod, salinity and exchange 

period of Nile tilapia, Oreochromis 

niloticus in brackish water with salinity 

9.5±0.5 ppt and Light regime was 12:12 

(L:D). Each experiment lasted for 3 

months. Breeders with 120-170 g mean 

weight were stocked in 2 m3tanks in the 

experiments. To achieve the desired 

volume of water and the density storage 

in tanks, the height of drain pipe was set. 

For sex ratio experiment, breeders were 

stocked as 1:1, 1:4 and 1:7 (Male: 

Female). Stocking density of fish was 5 

fish/m3, photoperiod 18: 6 (L:D). Two 

experiments were performed for 

stocking density of female breeders. In 

first experiment, stocking densities were 

as 2,3.5 and 5 fish/m3with sex ratio 1:3 

(Male: Female). In the second 

experiment, the same treatments of 

stocking densities were considered with 

sex ratio 1:1. Photoperiod was 18: 6 

(L:D) in both the experiments. 

Photoperiod treatments were 6:18, 12:12 

and 18:6 hours (L:D). Resting periods of 

female breeders were investigated for 

10- and 15-days periods. A control tank 

with the same stocking density and sex 

ratio was considered without resting 

period of the breeders. For salinity 

experiment, breeders were stocked in 

four different water salinities as 12±0.5, 

8±0.5,4±0.5 and0±0.5ppt. Water of 0 

ppt, 4 ppt and 8 ppt salinities supplied 

via water storage tanks. Water salinity of 

fish tanks was daily measured by a HQD 

Hatch portable refractometer. All 

treatments of the experiments had three 

replicates. For the photoperiod 

experiment, resting period and water 

salinity experiments, stocking density of 

the breeders was 5 fish/m3and sex ratio 

1:1. 

     Total body length and weight of 

females were recorded at each spawning 

event. Spawning intervals were recorded 

per female. Total eggs of each spawning 

female in each clutch were counted 

weighted. Weight and diameter of at 

least 25 eggs from each clutch were 

measured. Data were compiled monthly. 

Absolute and relative fecundity were 

measured. Monthly means of egg size, 

wet weight of each egg and egg clutches 

were obtained. The number of 

spawner/day, egg/day, egg/spawner, 

egg/day/m3, mean length, weight and 

wet weight of eggs and mean of 

spawning intervals were obtained. 

Pearson correlation coefficients between 

total length and weight of brooders 

against absolute and relative fecundity, 

egg wet weight, egg clutch, and egg 

diameter were calculated and compared 

(p<0.05). Monthly means of fecundity, 

egg diameter and weight obtained from 

different experiments were analyzed by 

one-way ANOVA, then compared 

between the treatments, by HSD Tukey 

and LSD tests (p<0.05). Pearson’s two-

tailed correlation of means of fecundity, 

egg diameter and weight against sex 

ratio, stocking density, photoperiod and 

water salinity treatments were studied 

(p<0.05). Independent samples t-test 
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was used to compare differences 

between reproductive parameters of 

salinity treatments (p<0.05). 

 

Results 

Total length and weight frequencies of 

broodfish are shown in Figure 1. Mean 

weight of spawning females was 

326.6±163.37 g, with a mean total length 

of 26±4.52 cm. Total length of the 

smallest O. niloticus spawned was 17 

cm, and total weight 83.5 g. Spawning 

was infrequent in brooders larger than 

500 g and essentially stopped when 

brooders reached 600 g. Female weight 

data for 13 spawns were not collected. 

Spawning intervals of the brooders 

varied between 16 and 34 days. Absolute 

fecundity varied between 50 and 2,600 

(mean 853±25) eggs per clutch. Relative 

fecundity varied from 0.29 to 6.8 (mean 

2.77±0.13) eggs/g of female (Fig. 2). 

 

 
Figure 1: Total length (a) and body weight (b) frequencies of O. niloticus spawners. 

 

 

 
Figure 2: Variations of mean absolute (left) and relative (right) fecundity of O. niloticus. 

 

Mean of wet weight of egg clutches was 

4.98±0.31 g during the study period, 

increasing with size of female (p<0.05). 

Mean of wet egg weight was 

0.0062±0.0001 g. Means of wet weight 

of tilapia eggs gradually increased 

during the study period. Diameter of the 

eggs varied between 1.8 and 3.5 mm, 

with a mean of 2.58±0.009 mm, 

increasing with average length and 

weight of spawners. Pearson correlation 

coefficients showed significant positive 

correlation between total length and 

weight of the brooders with absolute 
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fecundity, wet egg weight, clutch size, 

and egg diameter (p<0.005) (Table 1). 

Results of the sex ratio experiment as 

breeders were stocked 1:1, 1:4 and 1:7 

(Male: Female) showed more fecundity 

and egg/day and shorter spawning 

intervals in the sex ratio 1:1 (Table 2). 

Means of fecundity were not 

significantly different between sex ratios 

1:1, 1:4 and 1:7 (Male: Female), by one 

way ANOVA and HSD Tukey test 

(p>0.05). Two tailed Pearson correlation 

of sex ratio against fecundity was not 

significantly different (p>0.05). 

 

 

Table 1: Spawning parameters of O. niloticus in different sex ratios. 

1:7 1:4 1:1 Sex ratio (M: F) 

641±54.7 613±45.5 712±49.4 Mean fecundity±SE 

0.91 0.89 0.83 Breeder/day 

582 542 589 Egg/day 

242.5 236.7 294.5 Egg/day/m3 

27.6±10.9 29.2±11.5 20.2±6 Mean spawning interval’s (day) 

2.89±0.02 2.93±0.03 2.97±0.03 Mean egg diameter±SE (mm) 

 

Table 2: Two-tailed Pearson correlation of Absolute and Relative Fecundity Egg Weight Egg Clutch 

Weight and Egg Diameter against total length and body weight 

 
 

Absolute 

Fecundity 

Relative 

Fecundity 

Egg 

Weight 

Clutch 

Weight 

Egg 

Diameter 

Total Length 

Pearson Correlation .565 -0.149 .739 .751 .662 

Sig. (2-tailed) .0005** 0.004** .0005** .0005** .0005** 

N 394 381 181 178 150 

Body Weight 

Pearson Correlation .492 -0.233 .717 .692 .619 

Sig. (2-tailed) .0005** 0.0005** .0005** .0005** .0005** 

N 381 381 180 177 149 

 

As the results of the stocking density 

experiment for 2, 3.5 and 5 fish/m3 with 

sex ratio 1:3 (Male: Female) showed, 

more fecundity and egg/day/m3 were 

higher in stocking density 2/m3. 

However, breeder/day, length, weight 

and wet weight of the eggs were higher 

in 5 fish/m3 along with shorter spawning 

intervals (Table 3). According to one 

way ANOVA and HSD Tukey test, there 

was no significant difference between 

the means of fecundity of the stocking 

density treatments (p>0.05). Means of 

the egg diameter in 5 fish/m3 breeders 

were significantly higher than the other 

stocking densities of the breeders, by 

HSD Tukey test (p<0.05). 

Results of the stocking density 

experiment for 2, 3.5 and 5 fish/m3 with 

sex ratio 1:1 (Male: Female) showed 

more egg/day, breeder/day, egg weight 

and diameter and shorter spawning 

intervals were obtained in stocking 

density 5 fish/m3. However, breeder/day, 

length, weight and wet weight of the 

eggs were higher in 5 breeders/m3 along 

with shorter spawning intervals (Table 

4). One way ANOVA and HSD Tukey 

test showed no significant difference 

between the means of fecundities of the 
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treatments, however, means of the egg 

diameter were significantly higher in 5 

fish/m3 than the other stocking densities 

of the breeders, by HSD Tukey test 

(p<0.05). Two tailed Pearson correlation 

of stocking density against fecundity 

was significantly different in both sex 

ratios 1:3 (r=.149, p=0.002) and 1:1 

(r=.166, p=0.004). 

 

Table 3: Spawning parameters of O. niloticus in different stocking densities, sex ratio 1:3. 

5 3.5 2 Density (fish/m3), sex ratio 1:3 

593.7±61.9 620±75.4 846.4±80.9 Mean fecundity±SE 

0.55 0.49 0.38 breeder/day 

327.3 306.7 325.6 Egg/day 

136.4 133.6 162.8 Egg/day/m3 

19.2±9.3 23.1±4.6 22.4±6.9 Mean spawning intervals±SE (day) 

3.29±0.02*H 2.954±0.02 2.933±0.03 Mean egg diameter±SE (mm) 

0.0119±0.003 0.00825±0.0003 0.00832±0.0004 Mean egg weight±SE (g) 

9.12±3.6 5.698±0.9 7.219±0.6 Mean egg clutch weight±SE (g) 

(*H) shows significantly difference of means of the parameter between the treatment, by HSD Tukey test 

(p<0.05). 

 

 

Table 4: Spawning parameters of O. niloticus in different stocking densities, sex ratio 1:1. 

5 3.5 2 Density (fish/m3), sex ratio 1:1 

343±39.5 636±65.6 507±57.4 Mean fecundity±SE 

0.51 0.23 0.2 Breeder/day 

171.36 145.43 101.43 Egg/day 

71.4 63.2 50.7 Egg/day/m3 

2.9±6.5 25.8±10.3 21.8±18.9 Mean spawning intervals±SE (day) 

2.8±0.02*H 2.79±0.04 2.67±0.03 Mean egg diameter±SE (mm) 

0.0082±0.0003 0.0073±0.0004 0.0076±0.0004 Mean egg weight±SE (g) 

2.79±0.3 4.57±0.5 3.94±0.4 Mean egg clutch weight±SE (g) 

(*H) shows significantly difference of means of the parameter between the treatment, by HSD Tukey test 

(p<0.05). 

 

Results of 12:12, 6:18 and 18:6 (L:D) 

photoperiod experiment for 5 fish/m3 

with sex ratio 1:1 showed more 

fecundity in 18:6 (L:D) photoperiod. 

Higher breeder/day, egg/day, 

egg/day/m3, egg diameter and weight of 

egg clutch and lower spawning intervals 

were obtained in 12:12 photoperiod 

(Table 5). Means of fecundity, egg 

diameter and weight were not 

significantly different between 12:12, 

6:18 and 18:6 (L:D) photoperiod, by 

HSD Tukey test (p>0.05). Two tailed 

Pearson correlation of photoperiod 

treatments against fecundity, egg 

diameter and weight were not 

significantly different (p>0.05).
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Table 5: Spawning parameters of O. niloticus in different photoperiods. 

12:12 18:6 6:18 Photoperiod (L: D) 

438±41 391±54.5 475±58.3 Mean fecundity±SE 

0.26 0.24 0.13 Mean breeder/day 

110 93 100 Egg/day 

91.7 77.5 83.6 Egg/day/m3 

20±6 21.7±6.5 1906±5.3 Mean spawning intervals±SE (day) 

2.83±0.02 2.81±0.04 2.78±0.04 Mean egg diameter±SE (mm) 

0.0068±0.0003 0.0201±0.007 0.01976±0.009 Mean egg weight±SE (g) 

3.534±0.31 3.158±0.55 2.833±0.26 Mean egg clutch weight±SE (g) 

 

Resting periods of female breeders were 

investigated for 10 and 15 days and 

without resting period. 5 fish/m3 with 

sex ratio 1:1 were stocked. Results 

showed higher fecundity, egg/day, 

egg/day/m3, egg diameter and weight 

and weight of egg clutch with 10 days 

resting period (Table 6). One way 

ANOVA showed significant difference 

between variances of fecundity, egg 

diameter and weight. Means of egg 

diameter and weight were significantly 

higher in 10 days resting period than 

other treatments, by HSD Tukey test 

(p<0.05). Means of egg weight were also 

significantly higher in 10 days resting 

period than other treatments, by LSD 

test (p<0.05). 

 

Table 6: Spawning parameters of O. niloticus in different resting periods. 

15 10 0 Resting period (day) 

521.4±50.7 634.8±88.5 422.4±46.9 Mean fecundity±SE 

0.4 0.37 0.29 Breeder/day 

207.1 234.8 121.5 Egg/day 

172.6 195.7 101.25 Egg/day/m3 

2.76±0.02 2.83±0.03*H ●L 2.78±0.01 Mean egg diameter±SE (mm) 

0.0066±0.0002 0.0073±0.0003*H 0.0069±0.0002 Mean egg weight±SE (g) 

3.68±0.43 4.97±0.74 2.99±0.32 Mean egg clutch weight±SE (g) 

(*H) shows significantly difference of means of the parameter between the treatment, by HSD Tukey test 

(p<0.05), and (●L) by LSD test (p<0.05). 

 

Water salinity experiment performed 

with 4 different water salinities as 

12±0.5, 8±0.5, 4±0.5 and 0±0.5 ppt, 5 

fish/m3 with sex ratio 1:1 were stocked. 

As the results showed, fecundity and the 

weight of egg clutch were higher in 

breeders stocked in 8ppt water salinity. 

More breeders/day and egg/day were 

obtained in fresh water. Egg diameter 

and weight were higher in 12 ppt water 

salinity (Table 7). Means of fecundity 

and egg diameter in 12 ppt water salinity 

were significantly lower and higher than 

the other water salinity treatments, 

respectively, by HSD Tukey test 

(p<0.05). Also, Means of fecundity in 

8ppt water salinity and means of egg 

diameter and weight in 12 ppt water 

salinity were significantly higher, by 

LSD test (p<0.05). Two tailed Pearson 
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correlation of water salinity against egg 

diameter was significantly different 

(r=.176, p=0.02). Independent samples 

t-test showed significantly higher egg 

diameter in water salinities 4ppt (t=-.13,

p=0.002) and 12 ppt (t=-2.95, p=0.004) 

than fresh water. 

 

 

Table 7: Spawning parameters of O. niloticus in different water salinities. 

(*H) shows significantly difference of means of the parameter between the treatment, by HSD Tukey test 

(p<0.05), and (●L) by LSD test (p<0.05). 

 

Discussion 

Although tilapia breeding is not a 

complex operation, the production of a 

large number of quality juveniles 

requires proper management resulted in 

good productivity. Spawning 

performance of Nile tilapia depends on 

many different factors, especially 

environmental factors, nutrition, 

stocking density, age and size of the 

spawners. Efficiency of the hatchery is 

affected by the factors and would 

increase if optimum levels of the factors 

are used. Nevertheless, the aims of the 

hatchery are the basis for the 

management and determining the 

program. Realization of the potential of 

tilapia as a candidate species, because of 

its benefits over others, identification of 

shortage of quality fry as the main 

constraint of its expansion and 

continuous research carried out to find 

the solutions served as foundation for 

developing a practical technology 

package, for the transfer of knowledge 

and technology (Bhujel, 2011). 

Total length and weight of the smallest 

Nile tilapia brooder indicates female 

tilapias with more than 60g weight may 

spawn. These samples are about 5.5 

months old. Nile tilapia females have 

been reported to spawn at 20g (Popma 

and Masser, 1999) up to 30-50g and 2-4 

months under culture conditions (de 

Graaf et al., 1999; De Silva and 

Radampola, 1990; de Graaf, 2004). In 

nature, Nile tilapia has been reported 

first sexually mature at 8-16cm and 10-

12 months age (Morales, 1991). In Lake 

Victoria, Njiru et al., (2006) found 

tilapias first spawning at 22.7 cm. Under 

culture conditions, tilapia maturation 

occurs sooner than in the wild and more 

eggs are produced as a homeostatic 

response to the environment (Ahmed et 

al., 2007). Our results showed brooders 

between 165-495g weight (age 8-20 

months) were more frequent spawners. 

12 8 4 0 Water salinity (ppt) 

586±101*H 875±131.5● 570±90.1 675±89.8 Mean fecundity±SE 

0.15 0.1 0.15 0.17 Breeder/day 

87.8 87.5 85.5 112.5 Egg/day 

73.2 72.9 71.25 93.75 Egg/day/m3 

2.85±0.04*H ●L 2.69±0.05 2.84±0.03 2.71±0.03 Mean egg diameter±SE (mm) 

0.0073±0.0007●L 0.0058±0.0003 0.0071±0.0004 0.006±0.0004 Mean egg weight±SE (g) 

3.92±0.9 4.51±1 3.93±0.77 4.23±0.5 
Mean egg clutch weight±SE 

(g) 
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Larger brooders may be omitted from 

spawning tanks for better efficiency. 

Other researchers have shown 6-18 

months is the best age range for breeding 

of female Nile tilapias. Fecundity and 

egg hatching will decrease in older 

brooders (Getinet, 2008). 

     Absolute fecundity of Nile tilapia has 

been widely documented: 905-7619 

eggs in 28-51cm fish (Njiru et al., 2006), 

243-847 eggs in tilapias from Zapata 

lagoon in Mexico (Peña-Mendoza et al., 

2005), 2408±70 (Campos-Mendoza, 

2004), 305-2000 (Schofield et al., 2011) 

and <100 up to 3000 eggs (de Graaf et 

al., 1999) in cultured Nile tilapias. 

Different relative fecundities have also 

been reported: 3.12±0.36 (Getinet 

and Amrit, 2007), 7.2±0.2 (Campos-

Mendoza, 2004) and 3.05-7.53 eggs/kg 

(El-Sayed et al., 2003) in cultured Nile 

tilapias. Our results in brackish water in 

Iran were at the lower middle part of the 

ranges reported by other researchers: 

853±25 eggs per spawner and 2.77±0.13 

eggs/g. Correlation between fecundity 

and age of the brooder tilapia is higher 

than with its weight (Coward and 

Bromage, 2000). Line regression of 

fecundity with body weight 

(Duponchellea et. al., 2000), correlation 

between fecundity and age, total length 

and weight (Babiker and Ibrahim, 1979) 

especially in heavier females (Schofield 

et al., 2011; Peña-Mendoza et al., 2005) 

has also been reported. However, 

increasing total length and weight may 

sometimes lead to lower fecundity 

(Getinet, 2008; El-Bab et al., 2011). Egg 

diameter was also related to total length 

and weight of the brooders (p<0.0005). 

Positive correlation of brooder size and 

wet egg weight has been recorded by 

other researchers (Duponchellea et al., 

2000). Selection of larger brooders for 

spawning may result in higher quality 

eggs. Researchers have reported 

different diameters of Nile tilapia eggs 

from 1 to 3.7mm (Fryer and Iles, 1972; 

Babiker and Ibrahim, 1979; de Graff et 

al., 1999; Coward and Bromage, 2000; 

Gómez-Márquez et al., 2003). Egg 

diameters of tilapias obtained in the 

present study with mean of 

2.58±0.009mm are mid-range. 

     As results of the sex ratios 

experiment showed, the highest 

fecundity, egg/day, egg/ breeder, egg 

diameter and minimum intervals of 

spawning were obtained in sex ratio 1: 1. 

The higher egg/day and better quality 

eggs make increased performance of the 

fry production, so it seems that sex ratio 

1: 1 the better sex ratio than the other 

studied sex ratios. However, 

reproductive parameters in sex ratios 1: 

1, 1: 4 and 1: 7 were similar without 

significant differences and would be 

used based on the hatchery aims and 

management. Different investigations on 

the sex ratio stocking of the Nile tilapia 

have showed different results. The sex 

ratio 1: 1 is suggested for mating of 

tilapia in hatcheries (Little, 1989; 

Delong et al., 2009) and more fry per 

female but not continuous (Ibara et al., 

2000). The optimum sex ratio may also 

be affected by the broodstock density. 

Broussard et al. (1983) found that 

increasing broodstock density, at M: F 

sex ratio of 1:3, had a negative effect on 

fry production of Nile tilapia reared in 
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ponds. The authors attributed that effect 

to increasing competition between 

territorial males and/or constraints 

imposed by feed availability. Fessehaye 

(2006) found that reproduction success 

of O. niloticus with sex ratio of 1: 1 

declined compared to sex ratio 1:3, in 

hapa. A sex ratio of 1:3 (M:F) is 

commonly used by tilapia hatchery 

operators. However, lower ratios 

typically result in higher seed 

production, probably due to the 

availability of more mature males per 

female. Most commercial hatcheries in 

Thailand that have adopted the use of 

hapas or net cages in ponds maintain a 

1:1 sex ratio to ensure high spawning 

and fertilization rates. They stock 6 

fish/m2 of hapa suspended in 

inorganically fertilized ponds and 

provide supplementary feeding. The 

density can be doubled in tanks when 

complete feeds are provided (Bhujel, 

2000). In 2000-1000m pools, sex ratio 

2:1 to 8:1 (F:M) is used (Huy et al., 

2003). Fry production decreases with 

ratios greater than 4:1 (F:M). Rana 

(1988) found that when the sex ratio was 

changed from 4:1 to 3:1 (F:M) the 

spawning interval was reduced from 35-

49 days to only 28-40 days. Even though 

mating can occur and fry can be 

produced from ratios of one or two 

females per male, commercial hatcheries 

usually use four or five females per male 

(Delong et al., 2009). Planning in a 

hatchery depends on the objectives of 

the workshop. It seems that no single sex 

ratio can be  adopted for the optimum 

reproduction efficiency of tilapia. The 

hatchery manager would decide the most 

appropriate sex ratio based on the tilapia 

species, size and age, culture system and 

hatchery program. 

     Results of stocking density 

experiment showed the density 5 fish/m3 

was more appropriate. Tahoun et al. 

(2008) studied fry production of 

broodstock with three different densities 

4, 8 and 12 fish/ m. The best growth 

performance and feed utilization were 

found in fry group spawned by 

broodstock, held at the 4 fish/ m2 

stocking density. Ridha and Cruz (1999) 

studied the effect of different stocking 

densities on the seed production of Nile 

tilapia, Oreochromis niloticus (L.), 

under intensive recycling hatchery 

system conditions. They showed that 

breeders stocked at 4 fish m–2 had 

significantly higher mean values for 

total seed production (p<0.05), seed kg–

1 female day–1, seed female–1 day–1, 

seed m–2 day–1 and spawning synchrony, 

than at 8 and 12 fish m–2 broodstock 

densities. The mean percentage of seeds 

in the yolk-sac and swim-up fry stages 

was highest at 4 fish m–2 broodstock 

density. Several studies have shown that 

reproduction in tilapias can be inhibited 

under high stocking densities (Turner et 

al., 1989; Coward et al., 1998; Tahoun et 

al., 2008). One of the physiological 

mechanisms associated with these shifts 

in behavior is the suppression of serum 

sex steroid levels in the females; levels 

rise rapidly when fish are transferred to 

less crowded conditions, usually 

concurrent with a renewal of spawning 

activity (Coward et al., 1998). Stocking 

densities over 10 kg/m3 have resulted in 

no successful spawning (Zimmerman et 
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al., 2000). 

     Higher breeder/day, egg/day, egg 

diameter and weight of egg clutch and 

lower spawning intervals were obtained 

in 12:12 photoperiod comparing 12:12, 

6:18 and 18:6 (L:D) photoperiods. 

Different researchers showed the effects 

of photoperiod on O. niloticus 

reproduction. El-Sayed and Kawannah 

(2007) found the best growth rate and 

FCR at 18L:6D, followed by 24L:0D, 

12L:12D and 6L:18D, respectively. The 

number of eggs per female, number of 

eggs per spawn and number of spawning 

per female were all significantly higher 

in the 12L: 12D treatment than in all 

other photoperiod cycles. Interspawning 

intervals and days elapsed per spawn 

were also shorter in the 12L: 12D 

treatment. The 18L: 6D and 6L: 18D 

photoperiods produced the lowest 

spawning performance. They concluded 

that a 12L:12D photoperiod regime 

should be adopted for maximum 

fecundity, seed production and 

spawning frequencies of Nile tilapia 

broodstock reared in intensive, 

recirculating systems. If maximum 

reproduction is desired, a near-natural 

day length photoperiod should be used. 

Campos Mendoza et al. (2003 and 2004) 

studied spawning of Nile tilapia under 

four different photoperiods: 6L: 18D, 

12L:12D, 18L:6D and continuous 

illumination 24L:0D. Significantly 

larger eggs (p≤ 0.05) were produced 

under normal daylength 12L:12D 

compared to other treatment groups. 

Fish reared under 18L:6D exhibited 

significantly higher (p≤0.05) total 

fecundity (2408±70 eggs spawn-1) and 

relative fecundity (7.2±0.2 eggs g-1 

body weight) concomitant with a 

significant reduction in inter-spawn-

interval (ISI, 15±1 days) in comparison 

with the rest of the trials. Their 

investigation shows that long daylength 

(18L:6D) helps improve some important 

reproductive traits in Nile tilapia. Seed 

production has been increased by 

increasing photoperiod and notable 

drops in seed production have been 

recorded when photoperiod was below 

12 hrs. of light (Baroiller et al., 1997). 

     Comparing 10-days, 15-days and 

without rest period O. niloticus breeders 

in the present study, showed 10-days rest 

period was more appropriate due to 

higher levels of fecundity, egg/day, the 

weight of the egg mass, the weight and 

diameter of the eggs. Other researchers 

also represented effects of rest periods of 

the Nile tilapia broodstock a favorable 

influence on the efficiency of 

replication. If fish were to reproduce 

every two weeks for a long period of 

time, production would drop off as the 

females became exhausted. Resting of 

the broodstock is a common practice to 

prevent this. Fish are allowed to remain 

in the brooding tanks until production 

begins to drop in about three months. 

They are then moved to a conditioning 

tank to rest for a period of about six 

months. To maintain a continuous 

production of fry three sets of 

broodstock must be maintained (Rosati 

et al., 1997). Production of eggs per unit 

area of hapas were significantly higher 

in females exchanged every 7 days, 64 

eggs/m2/day or at each harvest 3.5 days, 

55 eggs/m2/day, than for fish remaining 
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in the spawning hapas throughout the 

trial 0 day, 33 eggs/m2/day (Little et al., 

2000). Popma and Lovshin (1995) 

showed harvesting every 2 to 3 weeks 

without broodstock replacement, 

monthly production is 1 to 2 fry/gr of 

breed female. Fry harvest per spawning 

cage may be double if broodfish are 

replaced each cycle, but this practice is 

considerably more labor-intensive. 

     Results of water salinity experiment 

in our study showed fecundity and the 

weight of egg clutch were higher in 

breeders stocked in 8 ppt water salinity. 

More breeders/day and egg/day were 

obtained in fresh water. Egg diameter 

and weight were higher in 12 ppt water 

salinity. According to various surveys, 

water salinity has different effects on 

different parameters of Nile tilapia 

reproduction. Schofield et al. (2011) 

showed batch fecundity did not differ 

among 0, 10, 20, and 30 ppt treatments. 

However, the number of eggs produced 

declined significantly at salinities of 40 

ppt and above. Similarly, the production 

of vitellogenic oocytes was significantly 

reduced above 30 ppt. Watanabe et al. 

(1984) suggested hatching of the larger 

brooders of Nile tilapia in 5 ppt water 

salinity higher than fresh water, 

however, hatching success generally 

declined in 10 ppt and 15ppt salinities. 

The inhibitory effect of high salinity on 

reproduction was evidenced by 

considerably lowered hatching 

successes at 10 ppt and 15 ppt, 

successful hatching was not achieved in 

full seawater. O. niloticus most cultured 

in freshwater, however saline tolerant 

species that grows well at salinities up to 

15ppt. O. niloticus can reproduce in 

salinities of 10 to 15 ppt. O. niloticus 

produce fry equally well in freshwater 

and 5 ppt salinity but fry numbers begin 

to decline at 10 ppt salinity. Ideally, 

tilapia hatcheries should be located in 

freshwater or in water with less than 5 

ppt salinity and the fry transferred to 

higher salinities for further growth 

(Popma and Lovshin, 1995). 

     Mean hatching successes were 

similar for eggs spawned by yearling 

females in freshwater, 10 ppt and 15 ppt, 

respectively. Extremely poor hatching 

success was obtained with eggs spawned 

in full seawater. Mean hatching success 

was considerably higher for eggs 

spawned at 5 ppt and compared with that 

obtained with eggs pawned by older 

females in freshwater (Watanabe et al., 

1984). Higher fecundity and more egg 

clutch weight in 8ppt and better egg 

quality parameters in 12 ppt water 

salinity in the present study suggests 

favorite breeding of spawners in 

brackish water especially 8 ppt water 

salinity. Also, Watanabe et al. (1984) 

showed fry salinity tolerance 

progressively increased with increasing 

salinity of spawning, hatching, or 

acclimatization. However, at equivalent 

salinity, early exposure (spawning) 

produced progeny of comparatively 

higher salinity tolerance than those 

spawned in freshwater and hatched at 

elevated salinity. Similarly, at equivalent 

salinity, progeny spawned in freshwater 

but hatched at elevated salinity exhibited 

higher salinity tolerance than those 

spawned and hatched in freshwater, then 

acclimatized to an elevated salinity. 
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Furthermore, using brackish water for 

aquaculture purposes would be preferred 

due to the limitation of fresh water 

supply and its cost.  

     Bringing the eggs out of the mouth of 

the brooders, high density of brooders 

before reproduction and replacing 

brooders for a resting period may cause 

more synchronized spawning of females 

(Little, 1989, Lovshin and Ibrahim, 

1989; Bhujel, 2000). Spawning 

frequency in tilapias is seriously 

influenced by environmental factors. 

Also, younger Nile tilapias often have 

shorter reproduction cycles. Low protein 

nutrition regimes cause longer 

reproduction cycles (Srisakultiew, 1993; 

Coward and Bromage, 2000; Herbst, 

2002; Peña-Mendoza et al., 2005). 
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