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Abstract 
The objective of the study was to determine the optimal density of fingerl-
ings of the Nile tilapia (Oreochromis niloticus) culture in floating cages 
with respect to growth performance and to know the effect of temperature 
on growth during the winter period. Tilapia fingerlings (mean weight 8.5 ± 
0.36 g) were stocked at densities of 120, 180 and 360 fish/m3 for 10 weeks. 
During culture, fish were fed a diet contains 35% protein made of peanut 
seed, cottonseed, wheat bran, and Sorghum. The results showed that the in-
crease in fish density reduced the final weight of the fish. The percentage of 
the fish weight increased and reached 111% ± 1.45% in the lowest fish den-
sity (120 fish/m3), 79% ± 1.87% in the medium density (240 fish/m3), and 
63% ± 2.03% of high fish density (360 fish/m3), therefore the daily growth 
rate was better in the lowest density. The rate of food conversion ratio was 
also better in the lowest density with 2.17 ± 0.33, followed by the medium 
density with 2.79 ± 0.28 and then the highest density with 3.09 ± 0.21. 
However, the total production in the cage increased with increasing fish 
density, and the return to the cost of food was better with higher fish densi-
ty. According to various performance evaluation criteria, it can be con-
cluded that the medium density 240 fish/m3 is the best for growing Nile ti-
lapia fingerlings in floating cages. It was observed that the growth rates of 
the three treatments were low due to the decrease in water temperature in 
most of the study period, which may indicate the useless of culture in cages 
in the winter season. 
 

Keywords 
Cage Culture, Stocking Density, Nile Tilapia Fingerlings, Growth  
Performance, Sudan 

How to cite this paper: El Nouman, B.A., 
Egbal, O.A., Sana, Y.A., Anwar, M.S., Eman, 
A.A. and Yosif, F.A. (2021) Determine the 
Optimal Density of Nile Tilapia (Oreochro-
mis niloticus) Fingerlings Cultured in Float-
ing Cages. Natural Resources, 12, 1-9. 
https://doi.org/10.4236/nr.2021.121001 
 
Received: November 25, 2020 
Accepted: January 24, 2021 
Published: January 27, 2021 
 
Copyright © 2021 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/nr
https://doi.org/10.4236/nr.2021.121001
https://www.scirp.org/
https://doi.org/10.4236/nr.2021.121001
http://creativecommons.org/licenses/by/4.0/


B. A. El Nouman et al. 
 

 

DOI: 10.4236/nr.2021.121001 2 Natural Resources 
 

1. Introduction 

Culture of freshwater fishes in square or round boxes along with artificial feed-
ing, management for the more production is called cage culture. This practice is 
suitable for the backwater because the water is present throughout the year, as 
this water is reserved for drinking and irrigation purposes [1]. Cage aquaculture 
has some advantages over other aquaculture systems that are potentially impor-
tant for absorption by poor and landless rural inhabitants [2].  

Tilapia is one of the most important species in a global aquaculture and widely 
farmed fish in the world [3]. [4] reported that Tilapia farming is booming 
around the world in both developed and developing countries as this group of 
fish can be cultured under very basic conditions and is therefore ideal for sub-
sistence farming, but is prone to more sophisticated, market-oriented cultural 
programs. Tilapia is an important species throughout global, but knowledge of 
its appropriate stock density which can immensely affect production and effi-
ciency of tilapia has been inadequate [5]. 

Fish pond density describes the number of fish that are initially stocked per 
unit area. It is one of the most important factors determining the production of a 
fish farm [6]. Stocking density is one of the keys to success in aquaculture man-
agement as it directly affects survival, growth, behavior, health, water quality, 
feed consumption and production. The choice of stocking densities of fish de-
pends in part on economic factors and market demands. Therefore, studying the 
ideal stocking density is one of the main factors in increasing production [7]. 
Several studies have been carried out on the growth efficiency of fish at different 
densities, most results show reduced final weight when stocking density in-
creased [7] [8] [9] [10] [11]. 

Fish farming in floating cages on a commercial scale has not yet been known 
in Sudan, despite the constituents that it enjoys in this field of lakes, rivers and 
irrigation canals that have not been utilized yet for this purpose. Fish culture in 
Sudan is therefore still in its infancy, although there is a long history of aquacul-
ture in it, the lack of trained personnel and inadequate planning has been major 
impediments to its development [12]. 

Local research in this area is limited and information is completely lacking. 
Therefore, this research aims to determine the optimal density and evaluate the 
different densities of tilapia fingerlings in netting cages and their impact on 
growth efficiency, to also learn about the influence of temperature on growth in 
winter. 

2. Materials and Methods 
2.1. Study Area 

The experiment was carried out in the Jabal Awlia reservoir in floating cages for 
10 weeks. The Jebel Awlia Dam located 32˚27'E and 15˚12'N 45 km south the 
Khartoum capital of Sudan (Figure 1). It is only dam across the White Nile  
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Figure 1. Jebel Awlia Dam location. 

 
River and the largest reservoir in Sudan. The dam was completed in 1937 to pro-
vide river flows for Egypt during summer flows. It has a significant value for ir-
rigating several agriculture schemes along its sides. 

2.2. Fabrication of Cages 

The cage frame was constructed with a dimension of 1 m (L) × 1 m (B) × 0.50 m 
(H) from PVC material (frame), having a volume of 1.5 m3. The cage bag was 
fabricated by using nylon netting material thread No. 21 with 14 mm mesh size. 
The frame was surrounded by nets from the sides completely enclosed as well as 
the surface and bottom of the cage. The small mesh size was selected for easy 
circulation of water and to avoiding the escape of fingerlings from the cages. For 
the artificial feeding and management of fishes, a feeding ring was prepared on 
the top of cages. The cage was linked from the bottom by the rope from the four 
corners and was assembled at a central point below the cage and then linked to 
the flank to install the cage to prevent the movement of the cages due to the 
wind and waves. 

2.3. Stocking of Fish 

Oreochromis niloticus fingerlings of (body weight 8.5 ± 0.36 g) collected from 
the fish farm of the faculty of Agricultural Technology and Fish Sciences, 
El-Neelain University. Fingerlings were adapting in the hatching ponds for food 
and the reservoir water. Then the fishes were carried out and transported to the 
floating cages, with three stocking density treatments, low density (D1) 120 
fish/m3, medium one (D2) 240 fish/m3 and high density (D3) 360 fish/m3, three 
replications in each treatment. 

2.4. Feeds and Feeding 

A diet was formulated from different sources of plant proteins, peanut meal, 
cottonseed, and wheat bran and sorghum Table 1. A diet was so formulated that 
it contained the same protein level of 35%. All ingredient feedstuffs were first 
ground to fine powders in a commercial grain grinding mill, and then were pre-
pared by thoroughly mixing the appropriate amounts of the ingredients. Water 
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was then slowly added until a moist mash (dough) was obtained. The moist 
mash was then pelleted using an electric household meat grinder. A diet was 
then allowed to dry; the dry pellets were then broken into smaller crumbles to be 
easily consumed by the fingerlings. The results of the chemical analysis of the 
feed used show in Table 2. 

The fish were fed 3% of their weight daily at the start of the experiment for 6 
days and the ratio was changed during the experiment according to the water 
temperature. Fish were fed per day with twice the first dose was given in the 
morning and the second dose in the middle of the day. 

2.5. Growth Performance Analysis 

The growth performance of the fish was assessed on the basis of weight gain, 
percentage weight gain, daily weight gain, food conversion rate, survival rate and 
using the formula below according to [13] 

( ) ( ) ( )Weight gain g Final weight g Initial weight g= −  

( ) ( )
( )

Weight gain g 100
Weight gain %

Initial weight g
×

=  

( ) Final weight Initial weightDaily growth rate g day
Number of experimental days

−
=  

( ) ( )
( )

Food intake g
Food Conversion Ratio FCR

Weight gain g
=  

( ) Number of fish at harvest 100Survival rate %
Number of fish stocked

×
=   

 
Table 1. Composition of the diet (%). 

Diets ingredients Percentage in the diet (%) 

Wheat bran 11.85 

Peanut 69.20 

Cottonseed 15 

Sorghum 3.59 

Total 100 

 
Table 2. The chemical composition of feed ingredients (%). 

Ingredient Dry matter Protein Fat Ash Carbohydrate 

Wheat bran 92.3 11.8 2.5 3.9 74.1 

Peanut 94.3 42.0 8.0 6.2 38.1 

Cottonseed 93.2 26.2 8.1 4.8 54.1 

Sorghum 91.7 10.7 3.4 5.1 72.5 
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2.6. Statistical Analysis  

The obtained data were analyzed by computer using the Statistical Package for 
Social Science (SPSS) software (version 21), means were tested for significance 
using mean distribution, and significance was determined at P < 0.05. 

3. Results and Discussion 

Stocking density is one of the external factors that determine the growth effi-
ciency of farmed fish. The results from this study showed that the percent weight 
gain and daily weight gain were significantly changed with respect to stocking 
density (P < 0.05) Table 3. The stocking density of 120 fish/m3 achieved greater 
weight gain (%) and daily weight gain, groups reared at high stocking levels (360 
fish/m3) showed less growth, consistent with the results obtained by [14]. Hence, 
assuming growth efficiency alone, the resulting trend was that as stocking den-
sity increased, final weight gain decreased Figure 2 & Figure 3. Therefore, the 
growth efficiency attributed to the stocking density showed an advantage of the 
order of 120 fish/m3 > 240 fish/m3 > 360 fish/m3 Table 3. In the study, the de-
crease growth rates can be explained by the increase in fish density, that over-
crowding leads to the creation of a local water environment in the cage, with a 
low oxygen concentration and high ammonia level. Furthermore, [15] noted that 
although some species of fish tolerate extreme crowding, competition for food 
restricts their growth, resulting in poor weight gain. The results of this study are 
in agreement with [15] [16] [17] who reported that an increase in stocking den-
sity had a significant impact on growth.  

There were no significant differences between the three stocking densities in 
terms of survival rates, as the survival rate was 62% ± 0.81% for 120 fish/m3, 360 
fish/m3 and 68% ± 0.84% for 240 fish/m3 Table 3. This indicates that the density 
of the fish did not play a role in their death. Moreover [18] and [19] noticed that 
high stocking densities in fish farming may sometimes have no effect on mortal-
ity rates and consequently increase fish yield. The obtained low survival rates in 
the present study could be attributed to unfavorable environmental conditions 
during the entire period of the experiment, the surface temperature of the lake 
water below 20˚C.  

 

 
Figure 2. Growth rate (g) of fish at three stocking densities. 
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Figure 3. Growth rate (%) of fish at three stocking densities. 

 
Table 3. Growth parameters of Nile tilapia cultured for 10 weeks. 

Parameters 
Stocking densities (fish/m3) 

D1 
120/m3 

D2 
240/m3 

D3 
360/m3 

Initial weight (g) 8.5 ± 0.34 8.7 ± 0.36 8.2 ± 0.39 

Final weight (g) 17.9 ± 0.40 15.6 ± 0.83 13.4 ± 0.84 

Weight gain (g) 9.4 ± 0.31 6.9 ± 0.56 5.2 ± 0.68 

Weight gain (%) 111 ± 1.45 79 ± 1.87 63 ± 2.03 

Daily growth rate (g) 0.13 ± 0.78 0.10 ± 0.83 0.07 ± 0.92 

Total yield (g/m3) 1128 ± 2.12 1656 ± 2.08 1872 ± 1.94 

Food conversion ratio (FCR) 2.17 ± 0.33 2.79 ± 0.28 3.09 ± 0.21 

Survival rate % 62 ± 0.81 68 ± 0.84 62 ± 0.81 

 
The effect of temperature was clear-as the experiment was conducted mostly 

during the winter period. The growth rate of fish, which was slow in all treat-
ments and this is primarily because since the fish are cold-blooded and are af-
fected by the external environment as their metabolism rates decrease. Due to the 
low temperature, it is believed that the Nile tilapia fish which are warm-water fish 
- stop feeding when the water temperature drops below 18˚C - 20˚C. 

The food conversion ratio (FCR) expresses the ability of fish to efficiently 
convert feed into body flesh and thus the feed efficiency of the fish [20]. FCR in-
creased significantly with increasing fish stocking density. The lowest fish densi-
ty was superior in terms of FCR value 2.17 ± 0.33, followed by the medium fish 
density with value 2.79 ± 0.28, while the FCR was 3.09 ± 0.21 in the high fish 
density Table 3. However, the relatively low FCR obtained in low-stock cages 
(120 fish/m3) suggests that the fish were to some extent able to extract more nu-
trients from the feed and then convert it into meat [21]. The FCR of low-density 
stocked fish is likely to indicate that low-density stocked fish may be more effec-
tive in converting the feed into meat than higher-stocked fish. The FCR in this 
study was similar to [22], which indicated that the feed conversion ratio in-
creased with increasing stocking density in tilapia culture.  
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Figure 4. Total productions of fish (g) at three stocking densities. 

 
On the other hand, a positive relationship between the stocking density and 

the Nile tilapia production was reported by [23]. These studies reported higher 
yields as stocking densities increased, as although the mean final fish weight and 
per capita growth rate at that density were the lowest of the three stocking densi-
ties. The highest total fish production was achieved in high density, which 
reached 1872 ± 1.94 g/m3, followed by the medium density, in which the total 
production was 1656 ± 2.08 g/m3. While the low density reached the lowest total 
production, reaching 1128 ± 2.12 g/m3 Figure 4.  

When comparing the three treatments according to partial budgeting in terms 
of return over food cost and taking into consideration the different parameters 
of growth performance over food cost, the medium density in this study (240 
fish/m3) might be the best and that could be recommended for this size of Nile 
tilapia. 

4. Conclusion 

The study found that the growth rate decreased as the fish density increased. 
However, total cage production increased as density increased, and the return on 
food cost increased as density increased. Based on the performance criteria of 
fish used in this study, it can be concluded that the medium density was the best 
(240 fish/m3). Growth was weak in the three treatments due to low temperature, 
as the study was conducted mostly during the winter period, which may raise 
some doubts about the viability of cage culture during this season. 
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