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The study was conducted over a 90 day period to investigate the effects of stocking density on the 
growth and survival of fry Oreochromis niloticus cultured in hapas in a concrete tank. Fish of average 
initial weight 0.3 g ± 0.03 were stocked at three different rates: 8, 10 and 12 fish/m

3 
corresponding to 56, 

70 and 84 fish per hapa. Fish were fed twice daily with powdered pito mash at 10% of the biomass. The 
average initial weights of the fish varied slightly but not significant (P > 0.05) among all the treatments. 
At the end of the trial, the average final weights varied significantly (P < 0.05). Fish stocked at 8 m

3
 

exhibited the highest average weight gain (4.65 ± 0.19 g) whiles; fish stocked at 12 m
3
 recorded the 

lowest average weight gain (2.50 ± 0.27 g). Feed conversion ratio and specific growth rate were not 
significantly different (P > 0.05) for all treatments. Survival rate were similar (P > 0.05) among 
treatments. The results demonstrate that increasing rearing density in fry O. niloticus resulted in 
heterogeneous growth rates. Feed conversion ratios, specific growth and survival rates were not 
affected by different stocking densities. 
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INTRODUCTION 
 
The consumption of fish cuts across many ecological 
races and cultures worldwide. This is because fish 
improves protein nutrition in that, it has a high biological 
value in terms of high protein retention and assimilation 
as compared to other animal protein sources. Fish 
accounts for about a fifth of world total supply of animal 
protein and this has risen five folds over the last forty 
years from 20 million metric tonnes to 98 million metric 
tones    in   1993   and   projected  to   exceed 150 million 
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metric tonnes by the year 2010 (Olagunju et al., 2007). In 
recent times, there have been loud cries about the 
decline in supply of fish as productions from capture 
fisheries no longer meet the current demand (Gabriel et 
al., 2007). However, with this steady decline in capture 
fisheries, aquaculture is a readily veritable tool in the 
provision of fish to augment the protein needs of people 
who depend a lot on supply from capture fisheries (Pillay 
and Kutty, 2005; Stickney, 2005). According to the FAO 
(2006), aquaculture has grown into a multi-billion dollar 
industry. Rapid growth in the aquaculture industry has 
helped to alleviate some of the human dependence on 
depleted natural fish stocks. The Nile tilapia, 
Oreochromis niloticus is  a  member  of the  Cichlid family 
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native to Africa (FAO, 2001) that has been widely 
cultured due to  its  culture  potentials  (for example, wide 
tolerance for poor environment, prolific breeder and 

completes its life cycle in captivity) (El‐Sayed, 1999; 
Tahoun et al., 2008). About 80% of the species of fish 
cultured in Ghana is O. niloticus (Hiheglo, 2008). Many 
small-scale farmers have failed to culture fish because of 
insufficient knowledge such as stocking fry at too small 
size and at high density (Edwards and Demaine, 1988). 
Fish that are kept at high densities exhibit behavioral 
limitations that influence their growth. 

Fish culture activities in many other parts of the world 
create the need to have adequate knowledge of good 
stocking to obtain better and healthier yields. Stocking 
density is an important indicator that determines the 
economic viability of the production system (Ako et al., 
2005; Aksungur et al., 2007). Knowing the best densities 
for a species is a critical factor for good husbandry 
practices and creating efficient culture systems. The 
objectives of the present study therefore was to 
investigate the effects of stocking densities on growth 
and survival of O. niloticus reared in “hapas” (mosquito 
netting sown into a cuboid like structure to contain fish in 
water) in a concrete tank and evaluate the effects of 
water quality on different stocking rates of O. niloticus 
produced in hapas in a concrete tank. 
 
 
MATERIALS AND METHODS 
 
The study was conducted in a concrete tank of dimensions 14.15 × 
14.15 × 2.67 m at the Fisheries Commission of the Ministry of Food 
and Agriculture (MOFA), Tamale in the Northern Region of Ghana. 
Six hapas (that is, each of dimensions 2.5 × 2.8 × 1 m) were 
mounted in a concrete tank with the aid of nylon ropes tied to the 
edges of the hapas, stretched and fastened to stones placed at 
vantage points. Treatment replicates were randomly distributed to 
the mounted hapas and stocked with fry of O. niloticus harvested 
from Libga reservoir in the Northern Region. Harvested fry from the 
wild (that is, from the Libga reservoir) were acclimatized for about a 
week in the concrete tank and during which time they were fed with 
“pito mash” (spent sorghum grains from the production of local beer 
in the 3 Northern regions of Ghana). Pito mash is a by-product from 
spent sorghum grains which is used in the production of local beer 
called pito. Pito is produced and consumed extensively in the Upper 
East and West regions of Ghana as it is used in funerals and festive 
days and sold everyday everywhere within these two locations. Pito 
mash as by-product is used as feed for pigs, livestock including 
poultry and in some case as baits for fish in the wild by fishermen in 
most parts of the mentioned regions in Ghana. The nutritional 
composition of pito mash used in this study is shown in Table 3. 
After acclimatization, the fry of O. niloticus (average initial weight, 
0.3 ± 0.03 g; N = 420) were reared for 90 days (January 2010 to 
April 2011) at three different stocking density groups of  8, 10 and 
12 fish/m3 corresponding to 56, 70 and  84  fish per hapa (replicated 
twice). 

The fish were fed twice a day  between  0800  to  0900 GMT  and 

 
 
 
 
1500 to 1600 GMT with powdered pito mash at 10% of the 
biomass. Fish from each replicate treatment were randomly 
sampled and weighed every 2 weeks and returned to the hapas. 
Their weights were taken with an electronic scale to the nearest 
0.01 g after gently blotting with a towel. During sampling, 20% of 
the stocked fish in each hapa were scooped out with a scoop net 
and weighed individually and based on the weight gains feed was 
adjusted accordingly. After the ninety (90) days of culture period, 
the water level of the tank was reduced to aid in the harvesting of 
the fish. All the fish in the hapas were weighed individually and the 
total number of fish in each hapa counted. To determine the growth 
response and survival, the following parameters were calculated: 
 
 
Feed conversion ratio (FCR)  
 
Feed conversion ratio was computed as (Jhingran, 1991): 
  

  Total feed given     
FCR =                       (1) 
            Total weight gained by fish 
 

 
 
 
Specific growth rate/day (SGR) 

 
Specific growth rate was computed as (SGR): 
 

 

 
   lnW2 – lnW1 

SGR =      × 100                      (2) 
          T    
 

 
 
Where: W1 = initial weight (g) at stocking, W2 = final weight (g) at 
the end of experiment, InW2 – InW1 = natural logarithms of both the 
final and initial weight of fish, T = duration (in days) of trial 
(Adewolu, 2008; Ogunji et al., 2008; Effiong et al., 2009). 

 
 
Survival rate (SR) 

 
Survival of the fish was monitored to determine the survival rate 
(SR) of various treatments using the formula (Ogunji et al., 2008): 

 

    (3) 

 
Water quality parameters were measured biweekly. Ammonia was 
measured using the Direct nesslerization method, Nitrite using the 
„diazotization method‟ and Hydrazine reduction method for Nitrate. 
Turbidity was measured using a turbidimeter (Model LaMotte 2020), 
pH was measured using Lovibond 2000 pH meter, „dissolved 
oxygen‟ with the Crimson OXI 45 m and temperature using a clinical 
thermometer. Data were represented as arithmetic means of 
individual weights (±SE). Daily mortalities were noted and survival 
rates were calculated as mean and cumulative values. The 
differences including stock density, SGR, FCR and survival rates 
among groups were analyzed with one-way analyses of variance 
(ANOVA) and Duncan‟s multiple range tests with SPSS version 16 
from windows. Water quality parameters were analyzed using 
standard methods according to APHA (1985). 
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Table 1. Parameters calculated on the growth performance at different stocking densities of Oreochromis niloticus (mean ± 
standard error). Means with same superscript are homogenous. 
 

Parameter  
Treatment 

ANOVA 
I II III 

AIW (g)  0.33±0.003
a
 (p = 0.178) 0.32±0.005

a
 (p = 0.178) 0.32±0.005

a
 (p = 0.178) F = 1.857 (p = 0.299) 

AFW (g)  4.65 ±0.19
a
 (p = 0.093) 3.80±0.19

b
 (p = 0.093) 2.50±0.27

c
 (p = 1.00) F = 2.953 (p = 0.007) 

FCR  2.05±0.02
a
 (p = 0.196) 2.27±0.39

a
 (p = 0.196) 2.30±0.36

a
 (p = 0.196) F = 2.953 (p = 0.007) 

SGR (%) 2.78±0.16
a
 (p = 1.000) 3.16±0.30

a
 (p = 1.000) 3.10±0.30

a 
(p = 1.000) F = 81.444 (p = 0.000) 

SR (%) 85.00±1.49
a
 (p = 0.405) 83.13±2.09

a
 (p = 1.000) 86.78±2.38

a
 (p = 0.405 F = 11.191 (p = 0.041) 

 

Legend: TRT = Treatment, AIW = average initial weight, AFW = average final weight, FCR = feed conversion ratio, SGR = specific growth 
rate, SR = survival rate and % = percent. 

 
 
 

Table 2. Physicochemical parameters monitored during the culture period. 
 

Parameter Unit of measurement Range Mean ± standard error APHA (1985) 

Ammonia mg/L
 

0.02 – 0.26 0.01 ± 0.04 0 – 0.3 

Nitrite mg/L
 

0.001– 0.341 0.147 ± 0.047 0.06 – 0.25 

Nitrate mg/L
 

0.01 – 0.65 0.34 ± 0.09 0 – 1.0 

Turbidity NTU 34 – 57 45 ± 3.19 0 - 100 

pH - 6.2 – 7.2 6.67 ± 0.11 6.5 – 9.0 

Dissolved oxygen mg/L
 

2.53 – 3.65 3.18 ± 0.16 5 – 8 

Temperature ºC 31.1 – 31.8 31.35 ± 0.09 28 – 30 
 
 
 

RESULTS 
 
The study was carried out from January 2010 to April 
2011 in concrete tank culture conditions. Results on the 
growth performance of fry of O. niloticus (Table 1) 
indicate that, the average initial weights (AIW) of the test 
fish varied slightly but not significant (P > 0.05) among all 
the treatments (TRTs). However, at the end of the trial, 
the average final weights (AFW) were significantly (P < 
0.05) different among the TRTs. Fish in treatment I (TRT 
I), stocked at 8 m

3
, exhibited the highest AFW (4.65 ± 

0.19 g) whilst the fish in treatment III (TRT III) stocked 12 
m

3
 recorded the lowest AFW (2.50 ± 0.27 g). Feed 

conversion ration (FCR) were not significantly (P > 0.05) 
different for fish stocked at different densities. The 
specific growth rate (SGR) did not vary significantly (P > 
0.05) among the TRTs although fish stocked at 10 m

3
, 

treatment II (TRT II) recorded the highest (3.16 ± 0.30) 
SGR and fish stocked 8 m

3
 recorded the lowest (2.78 ± 

0.16) SGR. From the experiment, although there were no 
observed significant (P > 0.05) differences among the 
TRTs in terms of survival, the highest survival rate (SR) 
of 86.78 ± 2.38 was recorded in TRT III followed by TRT I 
with 85.00 ± 1.49 and TRT II with 83.13 ± 2.09 was 
lowest. Growth curves of fish in response to the different 

stocking densities over the 12 week experimental period 
are shown in Figure 1. Growth of fish in treatment (TRT) I 
was gradual throughout the experimental period. 

Fish in treatment (TRT) II showed a gradual increase 
from the time of stocking till the sixth week of culture 
where lower weights were recorded. However, higher 
weight gains were recorded after the sixth week of 
sampling till the end. Growth of fish in TRT III after the 
initial week demonstrated a gradual increase from the 
start to the end but was lower than all the fish in the other 
treatments. 
 
 
Water quality of the concrete tank 
 
The quality of the water in the concrete tank was 
monitored throughout the study period. In Table 2, 
ammonia ranged from 0.02 to 0.26 mg/L with a mean of 
0.01 ± 0.04 mg/L; nitrite ranged from 0.001 to 0.341 mg/L 
with a mean of 0.147 ± 0.047 mg/L and nitrate ranged 
from 0.01 to 0.65 mg/L with a mean of 0.34 ± 0.09 mg/L. 
Turbidity ranged from 34 to 57 NTU with a mean of 45 ± 
3.19 NTU. pH ranged from 6.2 to 7.2 with a mean of 6.67 
± 0.11. Dissolved oxygen ranged from 2.53 to 3.65 mg/L 
with a mean value of 3.18 ± 0.16 mg/L whiles temperature
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Table 3. Chemical composition of pito mash. 
 

Type of analysis Pito mash 

Dry matter (%) 92.93 

Crude protein (%) 28.77 

Ether extract (%) 7.81 

Crude fibre (%) 12.77 

Ash (%) 4.42 

Nitrogen-free extract (%) 46.23 

*GE (MJ/kg) 17.82 
 

*Gross energy (GE) was calculated using the biological fuel values of 23.64, 
39.54 and 17.15 MJ/kg for protein, fat and carbohydrate, respectively 
according to Ali and Al-Asgall (2001). 

 
 
 

ranged from 31.1 to 31.8°C with a mean value of 31.35 ± 
0.09°C. 
 
 
DISCUSSION 
 
The growth curves of this study demonstrated a gradual 
phase of growth in all the treatments. However, at points 
where the treatment growth curves overlapped could be 
due to sampling error. For instance, growth of fish in TRT 
II declined in the sixth week rose up in the eight week 
and assumed a gradual increasing growth till the 
experiment was terminated. It is likely that during the 
sixth week of sampling, many of the fish that were 
sample in TRT II were smaller in size than in the previous 
sample, hence a recorded decrease in growth. However, 
it is evident that growth of fish is enhanced at lower 
stocking densities as demonstrated in TRT I in which 
growth was higher throughout. This accession gives 
credence to Yousif (2002) who reported that it is a 
generally accepted principle, that increasing the number 
of fish (density) will adversely affect fish growth. The 
observation; decrease growth rates with increasing 
stocking density in this study corresponds to observation 
reported by Breine et al. (1996). Yousif (2002) found that, 
as the initial fish size was homogeneous and the daily 
supplies of food were ample, one would expect that the 
fish within each population/treatment would have slightly 
different final body sizes. In this study, however, although 
the initial fish size was homogeneous for all treatment, 
the stocking density had an effect on the final size among 
individuals of initially uniform size. Explanation for this 
can be drawn from Aksungur et al. (2007) who indicated 
that social interactions through competition for food 
and/or space can negatively affect fish growth. Moreover, 
Aksungur et al. (2007) explained that, higher stocking 

densities leads to increased stress and that resulting 
increase in energy requirements causing a reduction in 
growth rates and food utilization. On the contrary, our 
findings does not support Osofero et al. (2009) who 
reported increased fish production with increased 
stocking density, attributed to good feed quality and 
favorable physico-chemical conditions. 

The ability of fish to convert feed given to biomass 
(FCR) was not affected with increasing stocking density 
in this study as was the case of Osofero et al. (2009). 
This could be explained by the fact that the same feed 
was administered to the same strain of experimental fish 
in all treatments in the same water environment. 
Therefore, the ability of the fish to convert the feed in all 
the treatment was same. It is also suggestive that higher 
stocking density does not necessary affect FCR. The 
FCR of ranged from 2.05 to 2.30 in this study are higher 
than others. El-Dakar et al. (2008) reported with FCR 
range of 0.99 to 1.17 for Florida Red Tilapia fed on fig 
jam by- product (FJB). The FCRs (2.05 to 2.30) in the 
current study though good, because it is slightly higher 
than the recommended FCR of 1.5 for aquaculture 
(Stickney, 1979), they are lower for O. niloticus fed on a 
commercially prepared diet in a study by Siddiqui et al. 
(1991) who reported FCR values ranging from 3.7 to 4.9 
and Liti et al. (2006) reported FCR for O. niloticus and 
Clarias gariepinus to range between 3.40 to 4.04. The 
slight differences could stem from the differences in feed 
sources, environmental conditions and the particular 
strain of species used. This explanation is in agreement 
with Guimaraes et al. (2008) that efficient utilization of 
diets may vary even within a single species because of 
the particular strain of fish used and the environmental 
factors. Ali and Al-Asgall (2001) reported that elevated 
crude fiber (beyond 10.5%) content for fish diets may 
exert a negative effect  on the  digestibility of nutrients. In 
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Figure 1. Weight gain in grams for Oreochromis niloticus stocked at different stoking densities. 
 
 
 

this study, the higher FCR recorded could be attributed to 
the higher crude fibre content (12.77%) of the feed. The 
specific growth rate (SGR) obtained in this study ranged 
from 2.78 to 3.16%. The insignificant (P > 0.05) diff 
erences among the TRTs suggest that higher stocking 
densities of O. niloticus have no apparent effect on the 
growth of the fish. The results of SGR in this study are 
higher that those obtained on other studies. For instance, 
Iluyemi et al. (2010) reported SGR of range 0.77 to 
1.49% and that of Attipoe et al. (2009) with SGR range 
0.43 to 0.53. In a report by Osofero et al. (2009) in a 
study on the effects of stocking density on growth and 
survival of O. niloticus, they found out an inverse 
relationship between survival rate and stocking density. 

From our study, although survival rate were not 
significant (P > 0.05) among the TRTs, generally they 
were very high as it ranged from 83.13 to 86.78% and did 
not have an inverse relationship with stoking density. 
Higher survival rate could be attributed to the favorable 
environmental conditions throughout the experimental 
period. This is in agreement with the findings of Sherif 

and El-Feky (2009) who indicate that higher (100%) 
survival rates could be linked to favorable ecological 
conditions. The recorded water quality parameters (Table 
2) showed suitable environmental conditions for rearing 
O. niloticus fingerlings during the experimental period. 
Frances et al. (2000) reported that growth of fish exposed 
to 0.36 mg/L ammonia concentration depressed growth; 
some of the energy derived from feed consumption may 
have to be expended on metabolic maintenance rather 
than growth. Ammonia (0.02 to 0.26 mgl

-1
) concentration 

in our study was lower and that could not have resulted in 
growth depression. Changes in nitrite values between 
0.001 and 0.341 mg/L did not seem to have any physical 
effect on the growth of O. niloticus in this study. This is 
because according to Al-Harbi and Siddiqui (2000), the 
growth of O. niloticus culture in tanks at different stocking 
density treatments was not affected with nitrite 
concentrations ranging from 0.2 to 0.52 mg/L in the tanks 
as this level is lower than the lethal level. 

Nitrates ranging from 0.01 to 0.65 mg/L in this study 
were  within   tolerable  level  (Stickney, 2005).  Although, 
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turbidity in our experiment was slightly above > 50 
reported by Ardjosoediro and Ramnarine (2002) was 
found to reduce growth rate of the Jamaica Red, there 
were no observed effects of turbidity (34 to 57 NTU) on 
growth of O. niloticus in this study. This was because of 
the periodic replenishment of the water. Changes in pH of 
6.2 to 7.2 as recorded in this study were slightly acidic 
(6.2) to slightly alkaline (7.2). However, El-Sherif and El-
Feky (2009) recommended a pH range of 7 (neutral) to 8 
(basic) as optimum for the culture of O. niloticus. Growth 
was not depressed in this study. In a report by Boyd 
(2005), Tilapias are rather tolerant to low dissolved 
oxygen, and concentrations of 3 to 4 mg/L apparently are 
not extremely harmful to them even with long-term 
exposure. Though the dissolved oxygen range of 2.53 to 
3.65 mg/L in this study were lower than the recom-
mended level of 5 to 8 mg/L (APHA, 1985) for 
aquaculture systems, there were no observed apparent 
effects on the growth of fish because, trial fish consumed 
feed aggressively at each time of administration. Water 
temperature ranged from 31.1 to 31.8°C. These values 
are in the preferred range for optimum growth for Nile 
Tilapia, O. niloticus (Xu et al., 2005; El-Sherif and El-
Feky, 2009). 

In conclusion, the results of this study demonstrate that 
increasing rearing density in fingerlings of O. niloticus 
result in heterogeneous growth rates. Feed conversion 
ratios, specific growth rate and survival rates are not 
affected by stocking densities in this study. In addition, 
water quality parameters recorded in this study did not 
affect the growth of fry of O. niloticus adversely. 
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