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ABSTRACT 

 The present work was conducted in a commercial hatchery at Shakshuk, 

Fayoum Governorate. The fry were transferred after yolk-sac had been 

absorbed to fry hapas which situated in a ½ feddan (fdn) earthen pond with 1.0 

m depth. Water turnover rate was about 44 m
3
 / h. Fry were fed 5 times daily 

starting on 14/ 6/2004 by herring fish meal (72 % crude protein, CP) containing 

17  methyl-testosterone (MT), 80 ppm MT/kg fishmeal, was used during sex 

reversal period (21 days period). The fry were fed such feed at a rate of 20% of 

their live body weight. Two experiments were conducted, the first dealt with 

the effect of stocking rate using 12 m
2
 fry hapas, where the fry were stocked at 

rates of 3500, 3000, 2500, 2000, 1500, 1000 fry/m
2
, forming 6 systems of fry 

stocking. The second dealt with the effect of hapa area (28, 12, 6, 4 m
2
) using 

3500 fry/m
2
 area/hapa, forming four area systems. Growth and feed 

parameters, survival rates and production economics were calculated. Water 

quality parameters (water temperature, pH, dissolved oxygen and NH3-N) were 

determined. 

 As for fry stocking rate/m
2
 experiment, in the sex reversal period, fry 

growth tended to decrease as its stocking rate increased. But the fry biomass/ 

hapa and its survival rate were in favor with the higher stocking rate. However, 

FCR showed contra results. Net returns/1000 fry were nearly similar. But it 

tended to increase as fry stocking rate increased up to 3500, with better 

investment with the higher stocking rate. 

 Regarding area of hapa experiment, fry growth increased significantly as 

the area of hapa increased. Fry production parameters /hapa showed increases 

associated with the increase in hapa area. Survival rate was differed 

insignificantly, meanwhile FCR tended to improve as hapa area increased. The 

net returns were nearly similar/1000 sex reversed fry produced, the difference 

was only about 2%. However net returns/hapa were increased as its area 

increased.  

In conclusion it seems that the best stocking was the highest. The best 

area is the highest regarding fry producers, while the lower areas were in favor 

with investors.   

 

Key words: Nile tilapia, sex-reversed fry, stocking rate, hapa area, growth, 

production, and economics. 
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INTRODUCTION 

 Fish culture in Egypt is in progress, so that its production now is the 

highest in the near- east region, the GAFRD (2004) reported that its production 

increased from 53,000 tons in 1994 to 445,181 tons in 2003, with about 1.8 % 

annual increase. Regarding tilapia, FAO (2004) indicated that tilapia sp.  

represent 6 % of total the farmed fish, where Nile tilapia represent 81 % among 

of them.  

 The efficient culture of Nile tilapia in ponds requires population control 

due to its early maturing and frequent spawning characteristics. The Philippines 

and other countries used synthetic androgen like methyl testosterone that is 

orally administered to sexually undifferentiate tilapia fry at a given dosage and 

duration for the sex reversal of its females; i.e., for it's masculinity (Popma and 

Green, 1990 and Guerrero, 1996). Due to the possible negative impact of the 

excreted metabolic products, workers on human food safety and environment 

indicated that such method is safe and had no adverse effect (Curtis et al, 1991 

and Green and Teichert-Coddington, 2000). Fry are most commonly stocked at 

densities of 3000-4000 fry/m
2
 of hapa (Phelps and Popma, 2000) and 3000 – 

5000 fry/m
2
 of hapa (Popma and Green, 1990). Vera Cruz and Mair (1994) 

compared stocking densities of 1000, 3000 and 5000/m
2
 of hapa and found best 

sex reversal at 3000 and 5000/m
2
. high densities help insure an active feeding 

response needed so all fish are consuming feed. Gale et al. (1999) reported that 

the use of all male population increases the efficiency and feasibility of tilapia 

aquaculture. Also, Popma and Green (1990) reported that fry have been 

successfully sex reversed at lower densities, but the enclosures are inefficiently 

utilized and the relative abundance of natural food may endanger the treatment 

if the diet is not highly palatable. Higher densities may also be possible, but 

competition for feeding space may result in more undersize fish that have not 

consumed sufficient hormone.   

 In Fayoum Governorate the cultured fish production exceeded 9 

thousand tons in 2003 (about 63.5% of the Governorate total production when 

natural resources were included) with an average of 3 tons/ feddan, where Nile 

tilapia is the main crop (GAFRD, 2004). The commercial hatcheries use 

different systems to produce sex reversed Nile tilapia fry. Such systems 

differed in fry stocking rate and in the area of net enclosure. Therefore the 

applied systems that used in such hatcheries were put in consideration in the 

present study and performed at a commercial hatchery to justify the unstudied 

factors. Accordingly to coincide the systems applied, two experiments were 

conducted. The first dealt with fry stocking rate and the second dealt with net 

enclosure (hapa) area effects on fry growth and production economics.  

 

MATERIALS AND METHODS 

 The present work was conducted at the commercial hatchery in 

Shakshuk, Fayoum Governorate (its annual production is four million fry). The 

brood fish were put in 28 m
2
 fine mesh net enclosures (hapas).  
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 Nile tilapia, Oreochromis niloticus eggs were collected from brood fish 

hapa and transferred to hatchery Lab. until hatching. Then fry were transferred 

after yolk-sac had been absorbed to fry hapas that situated in a ½ feddan (fdn) 

earthen pond with 1.0 m depth. Water turnover rate was about 44 m
3
 / h. Fry 

were fed 5 times daily (Popma and Green, 1990; Bocek et al, 1992) starting on 

14/ 6/ 2004. 

 Herring fish meal (72% crude protein, CP)
*
 containing 17  methyl-

testosterone (MT)
**

, 80 ppm MT/kg fishmeal (Popma and Green, 1990), was 

used during sex reversal period (21 days period). The fry were fed such feed at 

a rate of 20% of their live biomass (Phelps et al., 1992; Green and Teichert-

Coddington, 1994 and Phelps and Popma, 2000). Such trend acts that used in 

commercial hatcheries at Fayoum.  

 Two experiments were conducted, the first dealt with the effect of 

stocking rate using 12 m
2
 fry hapas, Table 1. The second dealt with the effect 

of hapas area using 3500 fry/m
2
 area, Table 2. In experiment one, fry were 

stocked at rates of 3500, 3000, 2500, 2000, 1500 and 1000 fry/m
2
, with 

duplicate hapas per treatment. In the second, the tested areas were 28, 12, 6, 4 

m
2
/hapa, with duplicate hapas per treatment. 

Table 1. Stocking rate systems, Exp. 1. 

Items  
Treatments 

1 2 3 4 5 6 

Number of fry        

/m
2
 3500 3000 2500 2000 1500 1000 

/hapa*** 42000 36000 30000 24000 18000 12000 

* From triple nine fish protein, DK-6700 Esbjerg, Denmark. 

** From Argent laboratories Inc., Makati city, Philippines.  

*** Net enclosure, 12-m
2
 area each. 

Table 2.  Hapa area systems, Exp. 2. 

Items  
 treatments  

1    2    3     4 

Net enclosure (hapa) area, m
2
. 28   12    6     4 

Number of fry/ hapa* 98000 42000 21000 14000 

* 3500 fry / m
2
. 

Fry fresh weight, number, feed offered, feed costs and selling prices 

were obtained. Growth and feed parameters, survival rates and net returns were 

calculated. Water quality parameters, i.e., water temperature, pH values, 

dissolved oxygen and NH3-N concentrations were determined through 

centigrade thermometer, Oreon digital pH meter model 201, Col Parmer 

oxygen meter model 5946 and Hann instruments ammonia test kit (HI 4829), 

respectively.  

 Analysis of variance and comparisons between means were conducted 

applying Statgraphic Package Software (SPSS, 1997).   
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RESULTS 

Water quality: 

 Average water quality parameters tested were 30.2 ± 2.0 C

, 7.9 ± 0.1, 

Nil and 6.8 mg/l for water temperature, pH, NH3-N and dissolved oxygen. 

Experiment one: 

 Table 3 shows that the effect of stocking rate of Nile tilapia fry on its 

growth performance. Significant (P≤0.05) differences were obtained among 

treatments. In general, as fry stocking rate decreased as growth performance 

improved. However the 3500 fry stocking rate showed better performance than 

that stocked at a rate of 3000 or 2500, the differences did not exceed 5% 

regarding specific growth rate (SGR). Final weight of 1000 fry/m
2
 was nearly 

twice of that stocked at a rate 3500 fry / m
2
 (675 vs. 355 mg/fry). 

 Fry production parameters/hapa (Table 3) indicated that increasing fry 

stocking rate resulted in increasing number of fry, survival rate, weight of fry, 

fry total gain and feed offered. However the lowest feed conversion ratio 

(FCR) was obtained with 2500 and 3000 fry/m
2
 compared to the other stoking 

rates applied.  

Table 3. Growth performance / fry and fry production /hapa as affected by 

fry stocking rate (Exp. 1).  

Items  

Treatments (fry stocked/ m
2
) 

SED 1 2 3 4 5 6 

(3500)  (3000) (2500) (2000) (1500) (1000) 

 Growth performance/fry  

Fresh weight, mg.        

      At the start. 10 10 10 10 10 10 ---- 

      At the end. 355
d
 320

de
 300

e
 440

c
 500

b
 675

a
 15 

Gain, mg.        

      Total (TG).
(1)

 345
d
 310

de
 290

e
 430

c
 490

b
 665

a
 15 

      /day
  (2)

. 16.43
d
 14.76

de
 13.81

e
 20.48

c
 23.33

b
 31.67

a
 0.75 

% SGR
(3)

. 17.00
d
 16.50

de
 16.20

e
 18.02

c
 18.63

b
 20.06

a
 0.13 

 Fry production parameters / hapa  

No. of fry.        

      At the start. 42000 36000 30000 24000 18000 12000 ---- 

      At the end. 34250
a
 27000

b
 22500

c
 18000

d
 11500

e
 7750

f
 736 

% Survival rate
(4)

. 81.55
a

 75.00
a
 75.00

a
 75.00

a
 63.89

b
 64.58

b
 3.39 

Fry weight/hapa, g.        

      At the start. 420 360 300 240 180 120 ---- 

      At the end. 12160
a
 8640

b
 6750

c
 7930

b
 5750

d
 5225

d
 423 

Total gain/hapa
(5)

, g. 11740
a
 8280

b
 6450

c
 7690

b
 5570

d
 5105

d
 423 

Feed offered/hapa, g. 10500 9000 7500 6000 4500 3000 ---- 

FCR
(6)

. 0.89
b
 1.09

a
 1.16

a
 0.78

b
 0.81

b
 0.59

c
 0.05 

 (1) Final weight (Fw) per fry - Initial weight (Iw) per fry.  (2) TG/period in days (P), 21 

day.  (3) 100 (ln Fw - ln Iw) / P, where ln is the natural log.  (4) 100 (No of fry at the end / 

No of fry at start). (5)  Fw per hapa- Iw per hapa. (6) Feed Conversion ratio, i.e., feed 

offered per hapa/ TG per hapa, SED is the standard error of difference. 

Averages in the same row having different superscripts differ significantly (P≤0.05). 
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Regarding the economic evaluation (Table 4), the net returns to produce 

1000 fry were nearly similar where the differences did not exceed 5%. Even 

though hapa net returns tended to increase as its stocking rate increased, i.e., 

increasing fry stocking rate from 1000 to 3500 fry/m
2
 increased net returns by 

about 4.6 folds. Such trend was observed in such a way with net returns /cost 

per hapa (%). 

Table 4. Economic evaluation as affected by fry stocking rate/m
2
      (Exp. 

1).  

Items 

 Treatments (fry stocked/m
2
)  

1 2 3 4 5 6 

(3500)  (3000) (2500) (2000) (1500) (1000) 

                                                                                                      Per 1000 fry 

Fry production costs
@

, LE.  28.13 28.40 28.40 28.40 28.99 28.95 

 Fry selling price, LE. 50.00 50.00 50.00 50.00 50.00 50.00 

Net returns, LE. 21.87 21.60 21.60 21.60 21.01 21.05 

Relative % of net returns. 104 103 103 103 100 100 

                                                                                                         Per hapa 

Total costs, LE. 963 767 639 511 333 224 

 Fry selling price, LE. 1713 1350 1125 900 575 388 

Net returns, LE. 750 583 486 389 242 164 

Relative % of net returns. 547 356 296 237 148 100 

Net returns/ total costs, %. 77.88 76.01 76.06 76.13 72.67 73.21 

@ for brood fish, hapas, labor, equipments and feed. 

Experiment two: 

 Table 5 indicates that the area of hapas has a significant effect on the 

growth performance of fry, fish fresh weight at the end, gain and SGR% after 

21 days. All of three parameters increased significantly as the area of hapa 

increased. Fry production parameters/hapa showed increases in its number at 

the end associated with the increase in area of hapa. Accordingly, fry weight 

and gain/ hapa increased as the area of hapa increased. Survival rate was differ 

insignificantly. But FCR improved significantly (P≤0.05) as the area of hapa 

increased. 
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Table 5. Growth performance / fry and fry production /hapa as affected by 

hapa area (Exp. 2). 

Items 

Treatments (Hapa area / m
2
)  

1 2 3 4 SED 

(28) (12) (6) (4)  

 Growth performance/fry  

Fresh weight, mg.      

      At the start. 10 10 10 10 ---- 

      At the end. 517
a
 415

b
 334

c
 318

c
 15 

Gain, mg.      

      Total (TG).
(1)

 507
a
 405

b
 324

c
 308

c
 15 

      /day
(2)

. 24.14
a
 19.29

b
 15.43

c
 14.67

c
 0.69 

% SGR
(3)

. 18.79
a
 17.74

b
 16.71

c
 16.47

c
 0.20 

 Fry production parameters / hapa  

No. of fry.      

      At the start. 98000 42000 21000 14000 ---- 

      At the end. 75000
a
 32500

b
 17750

c
 11500

d
 375 

% Survival rate
(4)

. 76.53 77.38 84.52 82.14 5.76 

Fry weight /hapa, g.      

      At the start. 980 420 210 140 ---- 

      At the end. 38768
a
 13502

b
 5925

c
 3660

d
 485 

Total gain/hapa
(5)

, g. 37788
a
 13082

b
 5715

c
 3520

d
 485 

Feed offered/hapa, g. 24500 10500 5250 3500 ---- 

FCR
(6)

. 0.65
b

 0.80
ab

 0.92
ab

 0.99
a
 0.09 

(1) Final weight (Fw) per fry - Initial weight (Iw) per fry.  (2) TG/period in days (P), 21 

day.  (3) 100 (ln Fw - ln Iw) / P, where ln is the natural log.  (4) 100 (No of fry at the end / 

No of fry at start). (5)  Fw per hapa- Iw per hapa. (6) Feed Conversion ratio, i.e., feed 

offered per hapa/ TG per hapa, SED is the standard error of difference. 

Averages in the same row having different superscripts differ significantly, (P≤0.05). 

Table 6 shows that the net returns were nearly similar/1000 fry 

produced, where it ranged between 21.6 to 21.9 (LE) (the difference was only 

about 2%). However, per hapa the net returns increased obviously as the area 

of hapa increased. The relative % of net returns showed to what extent such 

increases were found. However, net returns/total costs showed differences 

ranged between 0.8 to 2.0% between the smallest area and the other treatments.  
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Table 6. Economic evaluation as effected by hapa area (Exp. 2). 

Items 

Treatments (area of hapa, m
2
) 

1 2 3 4 

(28) (12) (6) (4) 

                                                                                                      Per 1000 fry 

Fry production costs
@

, LE. 28.33 28.30 28.02 28.10 

 Fry selling price, LE. 50.00 50.00 50.00 50.00 

Net returns, LE. 21.60 21.70 21.98 21.90 

Relative % of net returns. 100 101 102 102 

                                                                                                         Per hapa 

Total costs, LE. 2125 920 497 323 

 Fry selling price, LE. 3750 1625 888 575 

Net returns, LE. 1625 705 391 252 

Relative % of net returns. 645 280 155 100 

Net returns/ total costs, %. 76.47 76.63 78.67 78.02 

@ for brood fish, hapas, labor, equipments and feed. 

 

DISCUSSION 

Water quality: 

 In the present study, water quality parameters tested (temperature, pH, 

NH3-N and dissolved oxygen) were in the acceptable limits (Popma and Green, 

1990; Milstein, 1995; Egan and Boyed, 1997; Siddiqui and Harbi, 1997 and 

Hassouna et al, 2002). So, water environment had no obvious adverse effect on 

fry rearing. 

Experiment one: 

Stocking rates used in the present study are used by fry producers in 

Fayoum Governorate. However in other countries such stocking rates reached 

up to 6000 fry/m
2
 (Popma and Green, 1990). Also, Popma and Green (1990) 

suggested stocking density in net enclosures as 3000 to 5000 graded fry/m
2
 of 

net enclosure. Hence, it may need further investigation. Fry weight at the end 

of sex reversal period (Table 3) was higher than that reported by Popma and 

Green (1990). Such oversize is a target for fry producers. The higher weight of 

fry herein seams to be due to the use of Herring fishmeal (72% crude protein, 

CP) as a feed compared to that reported by those authors. They used diets 

containing lower CP (did not exceed 45% CP), at least half of which is of 

animal origin.  

The increase in fry stocking rate showed a reduction in growth rate in 

general (SGR, Table 3). The exception that the 2500 fry/m
2
 had the lowest 

growth. Such result could be neglected since the differences in SGR did not 

exceed 5 % compared to that stocked by 3500 fry. It seems that the competition 

for feeding space is behind such results.  On the other hand, fry survival rate 

tended to improve by increasing fry stocking rate. Also, there is a negative 
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response between fry weight and their survival (Table 3). It seems that fry do 

higher competition activity to feed, associated with increasing fry stocking rate, 

increased its viability, and reduced feed residue problems and fry weight at the 

end of sex reversal period.  

Fry production was in favor of the increase in their stocking rate. Net 

returns per 1000 fry were nearly similar (Table 4). Furthermore, the increase in 

fry stocking rate increased net returns/hapa and in such a way in the invested 

money (net returns/costs), as shown in Table 4. Such trends eliminate the 

importance of FCR and fry SGR, as the economic results are favorable for both 

fry producers and investors in aquaculture sector.  

Experiment two: 

 Areas of hapa tested (28, 12, 6, 4 m
2
) are used in commercial hatcheries. 

All of them were stocked at a fixed rate (3500 fry/ m
2
) and maintained for 21 d 

for sex reversal. The fixed rate / m
2
 resulted in an increase in fry number (No) 

as the area of hapa increased (Table 5). 

It was observed that as the area of hapa increased from 4 to 28 m
2
 as 

growth of fry increased, about 14% regarding SGR (Table 5). The increase in 

fry final weight as the area of hapa increased is desirable by fry producers.  

Also, FCR tended to improve as the area of hapa increased but survival rate 

tended to decrease with 12 and 28 m
2
 hapa compared with the smallest area. 

Such results may suggest that FCR is pseudo due to the higher presence of 

natural feed as the hapa area increased. Such increase in natural food is due to 

the higher fry population beside their residues (feces and feed residues). So fry 

tended to depend on such food beside that supplied. Also, the increase in fry 

raceway by increasing hapa area may had a role in this connection.  But the 

higher competition on natural and artificial food as well as the longer raceway 

may resulted in lower survival rate with larger hapa (12 & 28 m
2
 ones). 

Moreover, the increase in growth rate as area of hapa increased may had a role 

in reducing survival rate due to the expected higher predation between fries 

(Popma and Green, 1990).  

However the net returns for 1000 fry were nearly similar, it 

increased/hapa as its area increased due to the fixed stocking rate per m
2
 (Table 

6). Even though, the net returns /costs tended to be in favor for the hapa of 

small area. 

CONCLUSION 

 As evident from Exp. 1, the general trend including the economic 

evaluation was in favor of 3500 fry stocking rate / m
2
. But more than this rate 

may need further investigation. Data in Exp. 2 may suggest the use of 28m
2
 

hapa for more SGR, production and net returns regardless to the investment 

returns (net returns /costs).   
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بمحافظة  ىتجارمفرخ في  المحولة جنسياالبلطي النيلي  زريعةتقييم نظم الحاويات الشبكية في إنتاج 
 الفيوم.

 هحود هحود السعيد حسونهرهضاى هحود أبو زيد ، 

 ج م ع. -الفيوم  -جاهعة الفيوم  -كلية الزراعة  -قسن الإنتاج الحيواني 

بؼذ  شر٠ؼتٔمٍج اٌح١ث  .ن بّحافظت اٌف١َٛأخزٜ اٌبحث فٟ ِفزخ حدارٜ بّٕطمت شىشٛ  

واْ ِؼذي ٚ فذاْ( بؼّك ٚاحذ ِخز، 0.5) فٟ حٛض حزابٟاٌٝ اٌٙاباث اٌّٛضٛػت  اِخصاص و١س اٌّح

َ 44بٗ  حغ١١ز ا١ٌّاٖ
3

ّسحٛق ب 14/6/2004ِزاث ١ِٛ٠ا ابخذاء ِٓ ٠َٛ  5 شر٠ؼتاٌساػت. ٚغذ٠ج اٌ /

خشء فٟ ا١ٌٍّْٛ/ ودُ  80اٌفا ١ِث١ً حسخٛسخ١زْٚ بخزو١ش  17% بزٚح١ٓ ( ِحخ٠ٛا 72) زٔدتسّه اٌ

الأٌٚٝ . أخز٠ج حدزبخاْ اشخٍّج % ِٓ ٚسٔٙا20( بّؼذي ا٠ِٛ 21حح٠ًٛ اٌدٕس ) أثٕاء فخزة ِسحٛق

َ/ِؼذلاث اٌخىث١فحأث١ز 
2

 ،2500 ،3000 ،3500) 2َ 12ِٕٙا ِساحت وً  ٘اباثباسخخذاَ  شر٠ؼتٌٍ 

/ َ سر٠ؼت 1000 ،1500 ،2000
2

ِؼاِلاث(. ٚاشخٍّج اٌثا١ٔت  6)  شر٠ؼتٔظُ ٌخىث١ف اٌ 6، ِىٛٔت (

َ 4، 6، 12، 28)  اٌٙاباثحأث١ز ِساحت 
2

َ/  سر٠ؼت 3500 ( باسخخذاَ ِؼذي حىث١ف
2

ٔظُ  4ت ِىٛٔ ،

٠ْٛ أ ٌخزو١ش خٛدة ا١ٌّاٖ ) اٌحزارة، اٌٍٛغار٠خُ اٌساٌب أخذث ب١أاث. (ٙاباثاٌ)ٌّساحاث اٌحا٠ٚاث 

ٚالأسؼار  اٌّمذَ،اٌغذاء  اٌؼذد، اٌٛسْ، الا١ِٔٛا(،١ٔٚخزٚخ١ٓ  اٌذائب،الأوسٛخ١ٓ  حزو١ش ا١ٌٙذرٚخ١ٓ،

 الإٔخاج.ؼذي اٌبماء ٚالخصاد٠اث اٌلاسِت باٌد١ٕٗ اٌّصزٞ. ٚحسب إٌّٛ ٚاٌّما١٠س اٌغذائ١ت ِٚ

وٍّا ارحفغ ِؼذي حخش٠ٕٙا ِغ  اٌشر٠ؼت أخفاض ّٔٛ خش٠ٓ اٌّسخخذِتأٚضحج ٔخائح ِؼذلاث اٌخ 

 ٚرغُ أخفاض ِؼذي ٌشر٠ؼتاشخٙا بش٠ادة ِؼذي حىث١ف اٚوذٌه ِؼذي إػ اٌٙابتب اٌشر٠ؼت س٠ادة وخٍت

ذٌه وٚ ٙابت، ِغ س٠ادة ػائذ إٌِخدت سر٠ؼت 1000، فمذ حّاثً اٌؼائذ / اٌخح٠ًٛ اٌغذائٟ بش٠ادة اٌىثافت

 .ٙابتاٌب اٌشر٠ؼتوثافت  اٌد١ٕٗ( بش٠ادةاٌؼائذ الاسخثّارٞ )اٌؼائذ ػٍٝ 

ِٚؼذي اٌخح٠ًٛ اٌغذائٟ  ٚ وخٍت  اٌذر٠ؼت اٌّسخخذِت ارحفاع ّٔٛ اٌٙاباثأٚضحج ٔخائح ِساحت  

 اٌؼائذ ػٍٝ اٌد١ٕٗ. ُ أخفاض ِؼذي، رغاٌٙابت ِغ س٠ادة ِساحت  ٘ابتٚ اٌؼائذ /  ٘ابت /  شر٠ؼتاٌ


