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In Uganda fish is a great source of animal dietary protein, however, natural stocks continue to decline. 
Therefore, aquaculture provides a viable option to bridge the increasing fish supply-demand gap. 
Accordingly, a study was conducted from March to August 2016 to investigate the effect of stocking 
density on the growth performance, and survival of Nile tilapia (Oreochromis niloticus) in floating net-
cages to contribute to aquaculture production in Uganda. Nile tilapia fingerlings, with an average weight 
of 4.07 g were stocked in 8 m

3 
cages at three different stocking densities; 200, 250, and 300 fish/m

3
, and 

fed on a locally formulated commercial feed for 180 days. At the end of the experimental period, results 
showed that fish stocked at lower densities were heavier than those stocked at higher densities. The 
mean final weights of fish were; 150.79±85.71, 127.82±68.43 and 118.73±49.29 g in cages stocked with 
200, 250 and 300 fish/m

3
, respectively. The mean final weight in lower density (200 fish /m

3
) treatments 

was significantly higher (P<0.05) than that of higher density (300 fish/m
3
) treatments. The mean relative 

condition factor of fish ranged from 1.02 to 1.06, but was not significantly different (P>0.05) among the 
stocking densities. Survival rate and stocking density were negatively correlated. The best survival rate 
(94.19%) was obtained in low stocked cages (200 fish/m

3
) compared to 92.98% in highly stocked cages 

(300 fish/m
3
). The results of this study suggest that 200 fish/m

3 
of a cage, is the best stocking density in 

terms of fish growth parameters. 
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INTRODUCTION 
 
Fisheries  and  aquaculture  play  an   important   role   as sources   of   food   and   income,  and  is  thus  critical in 



 
 
 
 
addressing global human food and nutrition insecurity, 
and economic demands (FAO, 2016). In 2013, fish 
contributed about 17% of the animal protein to the global 
human population, while  the global per capita fish 
consumption reached 20 kg in 2014 (FAO, 2016). 
Additionally, fisheries and aquaculture was a source of 
livelihood for 56.6 million people globally in 2014 (FAO, 
2016). In Uganda, fisheries and aquaculture sector 
significantly contributes to economic growth. The sector 
contributed 3% to Gross Domestic Product (GDP) in the 
2015-2016 financial year. Additionally, it directly 
employed over 1.2 million people, generated greater than 
89 million USD in export earnings, and accounted for up 
to 50% of animal protein food (MAAIF, 2016a). However, 
the global fish production from wild fish stocks has 
generally stagnated, with most fisheries already fully 
exploited or over-exploited (FAO, 2014, 2016); yet human 
population is increasing, thus widening the fish demand-
supply gap. In Uganda, this has been accompanied by a 
decline in per capita fish consumption to as low as 8 kg 
(MAAIF, 2017) which is below the 17 kg recommended 
by FAO (2012). With the fast growing human population, 
to about 35 million people (UBOS, 2016); this per capita 
fish consumption will further decline due to increase in 
the fish demand-supply gap. Therefore, aquaculture 
provides one of the plausible solutions for increasing fish 
production, and will subsequently lessen this demand-
supply gap. Moreover, Uganda has a significant potential 
for aquaculture development, since it has numerous 
water bodies that cover up to 20% of the country‟s total 
surface area (MAAIF, 2012). It also has favourable 
climate, good culture species such as Oreochromis 
niloticus, and availability of raw materials for feed 
(NAFIRRI, 2012). 

As such, the Government of Uganda through her 
Agriculture Sector Strategic Plan (ASSP) 2016-2020, 
recognised the need to promote and support aquaculture 
in order to boost fish production to at least 300,000 
tonnes annually by 2020 (MAAIF, 2016b). Cognizant of 
the need to meet this projected fish production target, 
augmenting investment in cage fish culture is one of the 
viable approaches that Uganda could adopt. This is 
because cage fish culture is known to increase fish 
production (Gentry et al., 2017), and can therefore result 
into higher returns. It, however, requires adherence to 
best practices including, adopting an ideal fish stocking 
density, in order to maximize production efficiency. 
Stocking density is critical since it directly influences the 
economic viability of fish culture enterprises (Osofero et 
al., 2009; Baldwin, 2010). 

Stocking density directly affects the growth rate and 
survival of fish, and subsequently the  productivity  of  the 
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fish culture operations (North et al., 2006; Osofero et al., 
2009; Pouey et al., 2011; Mensah, 2013). In tilapia 
culture, better growth performance and survival rate are 
obtained in lower stocking densities (Sorphea et al., 
2010). On the other hand, a positive relationship between 
stocking density and yield of Nile tilapia was reported by 
Watanabe et al. (1990), Cruz and Ridha (1991), Alemu 
(2003) and Gibtan et al. (2008). These studies reported 
higher yields with increasing stocking density. Therefore, 
stocking densities that result into higher fish yields, and 
subsequently higher economic returns from a cage 
culture enterprise, are ideal for catalysing cage 
aquaculture development. However, the inadequacy of 
empirical information on stocking densities that result into 
high growth and survival rates accompanied with higher 
yield continues to constrain cage fish culture productivity 
in Uganda. Consequently, the farmer‟s capacity to 
operate cage culture systems is low, resulting into low 
cage fish production (Mbowa et al., 2016, 2017). 
Therefore, this study investigated the effects of stocking 
densities on the growth performance and survival of Nile 
tilapia (O. niloticus), reared in cage facilities, to contribute 
to the available cage aquaculture technical information, 
towards increasing cage production in Uganda. 
 
 
MATERIALS AND METHODS 

 
Selection of study site 

 
The study was conducted from March to August 2016 at Butiaba 
fish landing site, Piida Bay (20241.72 N and 313352.59 E) on Lake 
Albert in Buliisa District, Uganda (Figure 1). This experimental site 
is located in the Lake Albert Crescent Zone (LACZ) at an altitude of 
616 m above sea level, approximately 68 km from the town of 
Hoima. Consideration of this area for  the experiment was 
based on the baseline site suitability survey. The site is well suited 
for cage culture of Nile tilapia, because it is partly sheltered with an 
average depth of 8 m, water flow rate of 48 cm/s, pH of 7.5, 
Dissolved oxygen concentration 6.88 mg/L and temperature of 
27.8°C, which are all within the prescribed parameters for cage fish 
farming (Howerton, 2001; Queensland Water Quality Guidelines, 
2009). 

 
 
Experimental design 

 
Cages of 8 m

3
 (2 m × 2 m × 2 m), with metallic frames and an 

enclosure of 10 mm mesh size Nylon butane treated netting 
material, with 1 mm mesh size nylon cage liners were used during 
this experiment. The cages were secured in blocks (three per block) 
and fitted with cage liners as nursery cages for the small sized fish 
at the time of stocking. The cages were thereafter randomly stocked 
with monosex male Nile tilapia fingerlings, of uniform average body 
weight (4.07 g). The fingerlings were stocked at densities of 200, 
250, and 300 fish/m

3 
per cage, with each stocking density  having  2
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Figure 1.  Location of Piida Bay on Lake Albert, where the experiment was conducted. 

 
 
 
replicates. These stocking densities were based on an aquaculture 
policy brief, which suggested that fish stocking densities in a cage 
rearing facility can be high as 300 to 600 fish/m

3
 (NAFIRRI, 2012). 

After two months of the experiment, the liners were removed from 
the cages because the fish had increased in size. Further, this  was 

meant to abate clogging that would inhibit appropriate water 
exchange. 

A locally produced commercial floating fish feed of 35 and 30% 
Crude Protein (CP) levels (based on the manufacturer‟s provided 
information) was used during  the  experiment.  The  35%  CP  feed 



 
 
 
 
was in crumble and 2 mm pellet form, while the 30% CP feed was 
in a 3 mm pellet form. These different forms of the feed were 
adjusted based on the average body weight of the fish, and their 
gape (mouth) size. The 35% CP feed was initially fed to the 
fingerlings for a period of 3 months, while the 30% CP feeds were 
administered for the remaining experimental period. The fish were 
feed three times per day, from 09:00 am, at an interval of four 
hours. 
 
 
Data collection 
 

Water quality parameters 
 

Physico-chemical parameters (Water temperature, pH, and 
dissolved oxygen concentration) were measured monthly within the 
cages, during fish sampling in the morning hours (0900-1100 h) of 
the experimental period. Water temperature and Dissolved Oxygen 
were measured using a digital probe (YSI model, 550A), while pH 
was measured using a digital combo pH meter (Hanna model, H1 
98129). 
 
 

Fish sampling 
 

The fish in all cages were randomly sampled at the end of every 
month between 08.00 – 11.00 h from March - August 2016 from 
cages using a scoop net (1 mm mesh size). Thirty live fish were 
randomly scooped out of each cage unit. Their Total length (TL) 
and Standard (SL) length, and individual live body weights were 
measured using a measuring board, and an electronic weighing 
scale (Model JZC-TSC-03;V5.1-2010, Minimum: 2 g, Maximum: 
3000 g), respectively. The cages were also inspected and cleaned 
during fish sampling. 
 
 

Growth analysis 
 

Growth changes in the fish were calculated based on the following 
parameters; Mean Weight Gain (MWG), Condition factor, Survival 
Rate and Feed Conversation Ratio (FCR). 
 
 

Mean weights 
 

Monthly mean weight of fish for each stocking density was 
determined by averaging the individual weights of a sample of 30 
individual fish in each cage. MWG was calculated as: 
 

MWG = Wt2 – Wt1 

 

Where, Wt1 = Mean Initial weight of fish, Wt2 = Mean Final weight of 
fish. 
 
 

Calculation of relative condition (Kn) 
 

A total of 1,068 O. niloticus individuals were used in the calculation 
of Relative Condition Factor (RCF). To compare fish condition 
among cages with different stocking densities, relative condition 
factor (the ratio of observed individual fish weight to expected 
weight of an individual of a given length), was calculated using the 
formula: Kn = W/aL

b 
(Le Cren, 1951); where W is observed 

individual fish weight, L is observed individual fish total length, “a” is 
the intercept of the length-weight regression and “b” is the slope of 
the regression line. The values of a and b were obtained from the 
overall length-weight relationship (W=aL

b
) derived by pooling data 

for all the cages across stocking densities. Length and weight data 
were log-transformed and the  resulting  linear  regression  fitted  by 
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Least Squares Method using weight as the dependent variable. A 
minimum of 30 individuals per stocking density was considered 
acceptable for computing the RCF. 
 
 

Feed conversion ratio (FCR) 
 
The amount of feed used to produce 1kg of the fish biomass was 
calculated as: 
 
FCR =Weight of feed given (g)/Fish weight gain (g) 
 
 
Survival rate 
 
Daily fish mortalities were recorded during the experimental period. 
At the end of the culture period, all the cages were emptied and the 
number of fish in each cage determined. The percentage survival 
rate was calculated as; 
 
Survival Rate (%) = [Number of fish at harvest / Total Number of 
fish stocked] × 100.  

 
 
Statistical analyses 

 
One-way analysis of variance was used to test for differences in 
means of the growth performance and relative condition factor of 
fish, for the different stocking densities (200, 250 and 300 fish/m

3
). 

Turkey‟s post-hoc test was used for multiple comparisons, to study 
any difference among treatment means. All statistical analyses 
were performed with SPSS for Windows (version 20.0) at 0.05 level 
of significance. 

 
 
RESULTS 
 
Water quality 
 
The mean values of key water quality parameters 
monitored throughout the study are shown in Table 1. 
Temperature and Dissolved Oxygen concentration ranged 
from 27.45±0.47 to 27.46±0.48 (°C) and 3.44±0.80 to 
3.63±0.67 (mg/L) respectively, while pH ranged from 
7.52±0.36 to 7.67±0.32. There were no significant 
differences in temperature (p=0.987), Dissolved oxygen 
concentration (p=0.451) and pH levels (p=0.124) across the 
different stocking densities in all cages. 
 
 

Fish growth performance 
 

The mean final weight, mean weight gain, mean relative 
condition, percentage survival rates and FCR of fish in all 
the treatments at harvest are presented in Table 2. The 
mean weight of fish in all stocking densities increased 
with time during the experiment, with slight variations in 
the mean weights during the first four months of culture. 
From the fifth month, fish stocked in cages at 200 fish/m

3 

had a higher mean weight compared to the cages with 
250 and 300 fish/m

3 
stocking densities (Figure 2). The 

mean final weights of fish were 150.79±85.71 g, 
127.82±68.43 g and 118.73±49.29 g in stocking densities 
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Table 1. Mean values ± SD of water quality parameters in cages for 6 months at Piida Bay-Lake Albert.  
 

Parameter 
Stocking density (fish/m

3
) 

200 250 300 

Temperature (°C) 27.45±0.47 27.45±0.49 27.46±0.48 

Dissolved Oxygen concentration (mgl
-1
) 3.63±0.67 3.45±0.65 3.44±0.80 

pH 7.55±0.344 7.52±0.36 7.67±0.32 

 
 
 

Table 2. Growth, condition and feed conversion ratio during the experimental period. 
 

Parameter 
Stocking densities(fish/m

3
) 

200 250 300 

Mean Initial weight (g) 4.07±0.01
a
 4.07±0.02

a
 4.07±0.02

a
 

Mean Final weight (g) 150.79±85.7
a
 127.82±68.43

ab
 118.73±49.29

b
 

Mean Weight gain (g) 146.72±85.69 123.75±68.41 114.64±49.27 

Mean Relative condition (Kn) 1.02±0.31
a
 1.06±0.30

a
 1.05±0.30

a
 

Feed conversion ratio (FCR) 3.16±0.01 3.55±1.28 3.68±0.07 

Survival rate (%) 94.19 94.10 92.98 
 
a, b

 Treatment means within the same row with different superscript letters are significantly different (P <0.05). 
 
 
 

 
 

Figure 2. Variation in mean weight (±SD) of O. niloticus stocked in cages at three different densities. 
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Figure 3. Relationships between Total length (mm) and Total weight (g) of O. niloticus stocked in 
cages at three different stocking densities. 

 
 
 

of 200, 250 and 300 fish/m
3 

respectively, from the initial 
mean weights of 4.07 g for all stocking densities (Figure 
2). There was a significant difference (P<0.05) in mean 
final weights of the 200 and 300 fish/m

3 
stocking densities 

though no significant disparity (P>0.05) was observed in 
mean final weights of the 200 and 250 fish/m

3 
stocking 

densities. 
 
 
Length-weight relationship and relative condition 
factor 
 

The size of the O. niloticus ranged from 120-262 mm TL 
and 38.2-402.2 g TW. The relationship between length 
and weight derived by pooling data across all stocking 
densities (Figure 3) was highly significant (P<0.001). 
Similarly, the length and weight relationship for fish in 
each stocking density, obtained by the regression of 
length and weight of individuals across treatments was 
significant (P<0.001). For individual stocking densities, 
negative allometry was obtained with „b‟ values deviating 
from the reference b value (b=3) (Table 3). The mean 
relative condition of O. niloticus differed among stocking 
densities ranging from 1.02-1.06. The fish exhibited a 
slightly higher condition than average in the 200 fish/m

3 

cages compared to the 250 and 300 fish/m
3 

cages 
(Figure 4). However, there were no significant differences 
in   condition   of   fish   among   the    stocking   densities 

(P>0.05). 
 
 

Survival 
 

Overall, the survival rates across the different stocking 
densities had an inverse relationship with stocking 
density (Table 2). The survival rates (%) did not change 
significantly (P>0.05) amongst the three different stocking 
densities, and these ranged between 92.98 and 94.19. 
The mean survival rates (%) were 94.19, 94.10 and 92.98 
for 200, 250 and 300 fish/m

3
, respectively. The highest 

mean survival rate was observed in the 200 fish/m
3
 

stocking density, 250 fish/m
3 

stocking density and lowest 
in the 300 fish/m

3 
stocking density at the end of the 

culture period. 
 
 

Feed conversion ratio 
 

This study did not determine the amount of feed lost 
during feeding, and therefore the actual amount of feed 
consumed by the fish. Consequently, the study  
compared  the  FCR  across the three stocking densities  
based  on  the  total amount  of  feed  given  during the 
experiment  for  the different treatments. The FCR ranged 
from 3.16 to 3.68, and increased with increase in fish 
stocking density. A relatively low FCR was obtained in 
cages stocked with 200 fish/m

3
, followed  by  250  fish/m

3
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Table 3. Length-weight regressions (W=aL
b
) for Nile tilapia from cages across the 3 stocking densities, 

where b=slope of regression and log10a=intercept of regression. 
 

Stocking density (fish/m
3
) n R

2
 b p 

200 356 0.85 2.71 <0.001 

250 355 0.87 2.66 <0.001 

300 357 0.86 2.77 <0.001 
 
 
 

 
 

Figure 4. Mean relative condition factor (±SD) of O. niloticus stocked in cages at three 
different stocking densities.  

 
 
 

and finally a higher FCR in 300 fish/m
3
 of a cage (Table 

2). 
 
 

DISCUSSION 
 

Water quality 
 

Water quality greatly impacts the biology and physiology of 
the fish, and therefore affects the health and productivity of 
a fish culture system (Boyd, 2017). Consequently, 
maintenance of good water quality in cage aquaculture is 
critical for optimal growth of fish. In this study, suitable 
water quality parameters were maintained by regularly 
cleaning the cage netting to prevent fouling, which would 
otherwise limit appropriate water exchange within and 
outside the cages. Besides, the cages were installed in a 
site previously confirmed suitable for cage aquaculture 
through a site suitability study. The water parameters 
across all treatments ranged within accepted ranges, 
required optimal tilapia growth (Boyd, 2017; Popma and 
Masser, 2017), and thus did not have adverse effects on 
both growth  and  survival  of  the  fish.  Dissolved  Oxygen 

(DO) concentration, pH and temperature results of this 
study conformed to those of Asmah et al. (2014) and 
Popma and Masser (2017), who recommended DO 
concentration and pH for Tilapia as ˃3 mg/L

-1
 and 6-9 

respectively, and the optimal temperature between 27 and 
32°C as recommended by Mengistu et al. (2020). However, 
the low DO levels within the experimental cages could 
have due to the high stocking densities, since fish utilize 
oxygen for respiration from the waters within and around 
cages (Kwikiriza et al., 2016). Further, the low DO levels 
could be as a result of inadequate exchange of water 
among cages since they were clustered in blocks 
(Mensah et al., 2018). Overall, the obtained water quality 
parameter values were within the favourable ranges 
required for tilapia growth. Therefore, the observed 
differences in fish growth may not be fully attributed to the 
characteristics of these water quality parameters. 
 
 
Fish growth performance 
 
The  growth  of  Nile  tilapia  (O.  niloticus)  is impacted by  

 

0.5

1.0

1.5

200 250

 Stocking density (fish m
-3
)

M
ea

n 
re

la
ti

ve
 c

on
di

ti
on

 (
K

n)

300



 
 
 
 
stocking density, food quality and environmental factors 
such as such as Dissolved oxygen, temperature, and pH 
(Mensah et al., 2013; Mengistu et al., 2020). In the 
present study, stocking density affected the growth 
performance of Nile tilapia, with a negative correlation 
between stocking density and the growth performance of 
fish observed. Therefore, adopting growth performance 
alone, the resultant trend was that as stocking density 
increased, final weight gain decreased. Hence, growth 
performance attributed to the stocking densities showed 
superiority in the order 200 fish/m

3
>250 fish/m

3
˃300 

fish/m
3
. This is in agreement with the results obtained by 

Asase (2013), Garcia et al. (2013) and Costa et al. (2017) 
that demonstrated an inverse relationship of stocking 
density and growth performance in tilapia cultured in net 
cages. Furthermore, the observed growth performance in 
the present study could be attributed to the differences in 
stocking density, since it influences fish behaviour, 
health, and feeding (Sanchez et al., 2010; Moniruzzaman 
et al., 2015; Enache et al., 2016). The observed no 
significant difference in the mean final weights of 200 and 
250 fish/ m

3
 stocking densities agrees with the results of 

a previous study by Garr et al. (2011). This study 
indicated that the effect of stocking density can 
sometimes be absent. The slow fish growth observed in 
the high stocked cages (300 fish/m

3
) could be attributed 

to competition for limited space that resulted into the 
observed skin abrasions, which could have subsequently 
resulted into stress. This is in agreement with Roriz et al. 
(2017) who noted that skin abrasions and stress are 
observed in some fish individuals in highly stocked 
cages. Furthermore, M‟balakaa et al. (2012) and Ronald 
et al. (2014) noted that although some fish species can 
tolerate extreme crowding, the competition for food limits 
their growth, resulting into poor weight gain. This was a 
similar scenario observed in highly stocked cages (300 
fish/m

3
), during this study. The competition for feed 

during fish feeding results into increased energy 
expenditure, and thus incurrence of greater metabolic 
costs. Additionally, there is increase in feed loss due to 
increased fish induced water turbulence in the highly 
stocked cages (Asase, 2013). In this study, this could 
have reduced the amount of food available for the fish 
and subsequently resulted into low growth rate in the 
highly stocked cages. 

The length-weight relationship (LWR) is an important 
indicator of growth patterns and growth of fish (Silva et 
al., 2015). Length-weight relationships help to determine 
whether fish growth is isometric (b = 3) or allometric 
(negative allometric: b<3, or positive allometric: b>3), and 
also provide the condition of fish (Ricker, 1973). The fish 
across the stocking densities in the present study 
exhibited negative allometry, with the obtained “b” value 
lower than the reference value (b=3). This could be 
attributed to non-uniformity in sizes and very high 
variance among fish individuals. Notably, however, the 
values of “b” obtained in this study were  in  the  recorded 
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range (1.067 to 3.41) of “b” values of many fish species 
(Famoofo and Abdul, 2020). Similarly the “b” values in 
the present study were in the range of 2.299 and 3.684 
recorded for Nile tilapia in the Atbara River and Khashm 
El-Girba reservoir, respectively (Ahmed et al., 2011). The 
mean Relative Condition (Kn) values of O. niloticus in this 
study were above the average condition of 1.0. This 
suggests that fish was in good condition (Ayode, 2011; 
Yosuva et al., 2018). Although Yilmaz et al. (2012) and 
Ali et al. (2016) noted that there may be differences in the 
condition factor due to sex, this was not applicable in this 
study since monosex male O. niloticus were applied in all 
the treatments. 
 
 
Survival 
 
Excessive stocking density in fish culture operations has 
a negative influence on fish survival (Garcia et al., 2013). 
In Nile tilapia culture, survival rate was reported to be 
density-dependent (Chakraborty and Banerjee, 2012). 
Therefore, an ideal stocking density for Nile tilapia culture 
in cages must take into account of its likely impact on fish 
survival, since it will affect the economic returns from the 
enterprise. In the present study, higher survival rates 
(above 90%) were obtained across the treatments, 
though inversely proportion to stocking density. These 
survival rates are in contrast with the previous study by 
Mensah et al. (2018), which reported 70-80% survival 
rates in a small scale tilapia cage culture, attributed to 
improper fish handling and water quality deterioration. 
The obtained higher survival rates in the present study 
could be attributed to the favourable environmental 
conditions throughout the experimental period. Indeed, 
Anusuya et al. (2017) indicated that higher survival rates 
in Nile tilapia aquaculture could be linked to favourable 
physio-chemical conditions of the water body where the 
fish is being cultured. The  high survival rates, even in 
cages with high stocking densities, conforms with the 
results of Costa et al. (2017) that indicated survival rates 
above 90% for stocking densities of 250, 350 and 450 
fish/m

3
 in cages. Furthermore, Sorphea et al. (2010) and 

Khatune-Jannat et al. (2012) noted that, high stocking 
densities in fish culture may at times have no effect on 
mortality rates, and would consequently increase fish 
yield. In this study however, the overall growth 
performance and therefore fish yield, was lowest in 
higher stocking densities, even when stocking density 
had insignificant effect on mortality. 
 
 
Feed conversion ratio 
 
FCR expresses the ability of fish to effectively convert 
feed into body flesh and therefore feed use efficiency by 
fish. The lower values of FCR indicate that the fish has 
effectively converted the consumed feed into  body  flesh.  
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Therefore, the higher FCR values observed in this study, 
which increased with increasing stocking density, indicate 
poor food utilization efficiency. The FCRs in the present 
study deviated from the typical FCR values (1.4 to 2.5) 
for O. niloticus in African cage culture systems, as was 
reported by Ofori et al. (2010) and Mensah et al. (2018). 
However, the relatively low FCR obtained in low stocked 
cages (200 fish m

-3
) suggests that, fish were somewhat 

able to extract more nutrients from the feed and 
subsequently converting it into flesh (Alhassan et al., 
2018). The results of this study are also in agreement 
with Kapinga et al. (2014) and Asase et al. (2016), who 
indicated that feed conversion ratio increased with an 
increase in stocking density in tilapia culture. The 
observed higher values of FCR, in cages with higher fish 
density could be attributed to lower growth rate at higher 
stocking densities (Ronald et al., 2014). Additionally, this 
could be as a result of feed losses during fish feeding, 
which increases with increase in stocking density 
(Schmittou, 2006; Herrera, 2015). High stocking densities 
result in increased water turbulence during feeding, and 
hence increased feed losses. 
 
 
Conclusion 
 
The effects of stocking density were evident on the 
growth of Nile tilapia, in terms of weight gain and 
subsequently the final weight of fish. The best stocking 
density with regard to growth performance and feed 
conversion efficiency was 200 fish/m

3
 of cage.  However, 

the resultant final weight of the fish stocked at 200 fish/m
3
 

of cage was still low. This study, therefore, recommends 
further research, with low stocking densities, which would 
result into a higher final weight of the fish, and 
consequently higher yields from the cages. 

 
 
CONFLICT OF INTERESTS 
 
The authors have not declared any conflict of interests. 

 
 
ACKNOWLEDGMENTS 

 
The authors are grateful to the World Bank and 
Government of Uganda that funded this research under 
the Agricultural Technology and Agribusiness Advisory 
Services (ATAAS) project through the National 
Agriculture Research Organization (NARO), Uganda and 
appreciate the  National  Fisheries  Resources  Research 
Institute (NaFIRRI) and Department of Zoology, 
Entomology and Fisheries Sciences of Makerere 
University for providing technical support. We are also 
grateful to Buliisa District Local Government (Fisheries 
Department) and the participating fisher folk during the 
study. 

 
 
 
 
REFERENCES 
 
Ahmed EO, Ali ME, Aziz AA (2011). Length-weight relationships and 

condition factors of six fish species in Atbara River and Khashm el-
Girba Reservoir, Sudan. International Journal of Agricultural Science 
3:65-70. 

Alemu K (2003). The growth performance of Oreochromis niloticus 
reared in freshwater ponds loaded with varying levels of poultry 
manure. SINET:  Ethiopian Journal of Science 26:17-23. 

Alhassan EH, Kombat EO, Karim D (2018). Growth Performance of the 
Nile tilapia, Oreochromis niloticus cultured in cages in two dams in 
the Bongo District of Ghana. West African Journal of Applied Ecology 
26(1):11-21. 

Ali RAS, Elawad AN, Khalifa MM, El-Mor M (2016). Length–weight 
relationship and condition factor of Liza ramada from Eastern coast of 
Libya. International Journal of Fishery and Aquaculture Research 2: 
1-9. 

Anusuya DP, Padmavathy P, Aanand S, Aruljothi K (2017). Review on 
water quality parameters in freshwater cage fish culture. International 
Journal of Applied Research 3(5):114-120. 

Asase A (2013). Effects of stocking density on the production of Nile 
tilapia (Oreochromis niloticus) in floating net cages on the Volta Lake. 
MPhil. Thesis, University Of Ghana, Legon. 126p. 

Asase A, Nunoo FKE, Attipoe FYK (2016). Lake-based  nursery rearing 
of Nile tilapia (Oreochromis niloticus)  fingerlings  in  nylon  hapas:  
Effects  of  stocking  density  on  growth, survival and profitability. 
Agricultural Science 7:660-669. 

Asmah R, Karikari AY, Abban EK, Ofori JK, Awity LK (2014). Cage fish 
farming in the Volta Lake and the lower Volta: practices and potential 
impacts on water quality. Ghana Journal of Science 54:33-47. 

Ayode AA (2011). Length-Weight Relationship and Diet of African Carp 
Labeo ogunensis (Boulenger, 1910) in Asejire Lake Southwestern 
Nigeria. Journal of Fisheries and Aquatic Science 6:472-478. 

Baldwin L (2010). The effects of stocking density on fish welfare. The 
Plymouth Student Scientist  4(1):372-383. 

Boyd CE (2017). General relationship between water quality and 
aquaculture performance in ponds. In: Jeney, G. (Ed.), Fish 
Diseases. Academic Press, Cambridge, Massachusetts, USA, pp. 
147-166. 

Chakraborty SB, Banerjee S (2012). Comparative growth performance 
of mixed-sex and monosex Nile tilapia at various stocking densities 
during cage culture. Recent Research in Science and Technology  
4(11):46-50. 

Costa  AAP, Roubach R, Dallago LSB, Bueno WG, McManus C, Bernal 
MEF (2017). Influence of stocking density on growth performance 
and welfare of juvenile tilapia (Oreochromis niloticus) in cages. 
Arquivo Brasileiro de Medicina Veterinária e Zootecnia 69(1):243-
251. 

Cruz E, Ridha M (1991). Production of the tilapia, Oreochromis spilurus 
(Gunther) stocked at different densities in sea cages. Aquaculture 
99:95-103. 

Enache I, Cristea V, Ionescu T, Ion S (2016). The influence of stocking 
density on the growth of common carp, Cyprinus carpio, in a 
recirculating aquaculture system. Aquaculture, Aquarium, 
Conservation and Legislation 4(2):146-153. 

Famoofo OO, Abdul WO (2020). Biometry, condition factors and length-
weight relationships of sixteen fish species in Iwopin fresh-water 
ecotype of Lekki Lagoon, Ogun State, Southwest Nigeria. Heliyon 
6(1):e02957. 

Food and Agricultural Organization (FAO) (2012). The State of World 
Fisheries and Aquaculture Food and Agriculture Organization of the 
United Nations, Rome, Italy. 

Food and Agricultural Organization (FAO) (2014). The State of World 
Fisheries and Aquaculture: Opportunities and challenges. Food and 
Agriculture Organization of the United Nation, Rome, Italy. 

Food and Agricultural Organization (FAO) (2016). The State of World 
Fisheries and Aquaculture 2016. Contributing to food security and 
nutrition for all. Food and Agriculture Organization of the United 
Nation, Rome, Italy. 

Garcia F, Romera MD, Gozi SK, Onaka ME, Fonseca SF, Schalch 
HCS, Candeira GP, Guerra OML, Carmo JF, Carneiro JD, Martins 
EGIM, Portella CM (2013). Stocking density  of  Nile  tilapia  in  cages 



 
 
 
 

placed in a hydroelectric reservoir. Aquaculture 410:51-56. 
Garr AL, Lopez H, Pierce R, Davis M (2011). The effect of stocking 

density and diet on the growth and survival of cultured Florida apple 
snails, Pomacea paludosa. Aquaculture 311:139-145. 

Gentry RR, Froehlich HE, Grimm D, Kareiva P, Parke M, Rust M, 
Gaines SD, Halpern BS (2017). Mapping the global potential for 
marine aquaculture. Natural Ecology and Evolution 1:1317-1324. 

Gibtan A, Getahun A, Mengistou S (2008). Effect of stocking density on 
the growth performance and yield of Nile tilapia (Oreochromis 
niloticus L., 1758) in a cage culture system in Lake Kuriftu, Ethiopia. 
Aquaculture Research 39:1450-1460. 

Herrera LC (2015).The effect of stocking density on growth rate, 
survival and yield of GIFT tilapia (Oreochromis niloticus) in Cuba: 
Case study of fish farm La Juventud. United Nations University 
Fisheries Training Programme, Iceland. Final Project pp. 1-29. 

Howerton R (2001). Best Management Practices for Hawaiian 
Aquaculture, Center for Tropical Aquaculture. Publication No. 148. 

Kapinga I, Mlaponi E, Kasozi N (2014). Effect of stocking density on the 
growth performance of sex reversed male Nile Tilapia (Oreochromis 
niloticus) under pond conditions in Tanzania. World Journal of Fish 
and Marine Sciences 6(2):156-161. 

Khatune-Jannat M, Rahman MM, Bashar MA, Hasan MN,  Ahamed F, 
Hossa MY (2012). Effects of stocking density on survival, growth and 
production of Thai Climbing Perch (Anabas testudineus) under fed 
ponds. Sains Malaysiana 41(10):1205-1210. 

Kwikiriza G, Barekye A, Muhereze R, Makuma KA, Tibihika PD (2016). 
Growth performance of monosex Nile tilapia (Oreochromis niloticus) 
juveniles at different stocking densities in cages at Lake Bunyonyi in 
South Western Highland Agro-Ecological Zones (SWHAEZs). 
International Journal of Fishery and Aquatic Studies 4(6):42-48. 

Le Cren CD (1951). The Length-Weight relationship and seasonal cycle 
in gonad weight and condition in Perch, Perca fluviatilis. Journal of 
Animal Ecology 20:201-219.  

M‟balakaa M, Kassama D, Rusuwa B (2012). The effect of stocking 
density on the growth and survival of improved and unimproved 
strains of Oreochromis shiranus. Egyptian Journal of Aquatic 
Research 38:205-211. 

Mbowa S, Odokonyero T, Munyaho AT (2016). Floating Fish Cage 
Farming a Solution to Uganda‟s Declining Fishery Stocks. Policy Brief 
Issue No. 66. 

Mbowa S, Odokonyero T, Munyaho AT (2017). Harnessing floating 
cage technology to increase fish production in Uganda, Research 
Series No. 138. 

Mengistu BS, Mulder AH, Benzie AHJ, Komen H (2020). A systematic 
literature review of the major factors causing yield gap by affecting 
growth, feed conversion ratio and survival in Nile tilapia (Oreochromis 
niloticus). Reviews in Aquaculture 12(2):524-541. 

Mensah DET, Dankwa RH, Torben LL, Asmah R, Campion BB, Edziyie 
R (2018). Effects of seasonal and environmental changes on 
aquaculture production in tropical Lake Volta, Ghana. Aquaculture 
International 26:1387-1400. 

Mensah ET, Attipoe FA, Johnson MA (2013). Effect of different stocking 
densities on growth performance and profitability of Oreochromis 
niloticus fry reared in hapa-in-pond system. International Journal of 
Fisheries and Aquaculture 5(8):204-209. 

Ministry of Agriculture Animal Industry and Fisheries (MAAIF) (2017). 
National Fisheries and Aquaculture Policy. Optimizing benefits from 
Fisheries and Aquaculture Resources for Socio-Economic 
Transformation, Entebbe Uganda. 

Ministry of Agriculture Animal Industry and Fisheries (MAAIF) (2012). 
Department of Fisheries Resources Annual Report 2010/11. Ministry 
of Agriculture Animal Industry and Fisheries, Entebbe, Uganda. 

Ministry of Agriculture Animal Industry and Fisheries (MAAIF) (2016a). 
Ministry of Agriculture, Animal Industry and Fisheries, Agriculture 
Sector Strategic Plan 2015/16-2019/20. In: Agriculture Report 
Ministry of Agriculture Animal industry and Fisheries, Entebbe 
Uganda. 

Ministry of Agriculture Animal Industry and Fisheries (MAAIF) (2016b). 
Ministry of Agriculture, Animal Industry and Fisheries Performance 
report, 2015/2016 Financial year. Entebbe, Uganda. 135p. 

Moniruzzaman M, Uddin BK, Basak S, Mahmud Y, Zaher M, Bai CS 
(2015). Effects of stocking density on growth, body composition, yield  

Abaho et al             35 
 
 
 

and economic returns of monosex tilapia (Oreochromis niloticus L.) 
under cage culture system in Kaptai Lake of Bangladesh. Journal of 
Aquaculture Research and Development 6(8):357. 

National Fisheries Resources Research Institute (NAFIRRI) (2012). 
Framework for Cage Fish Culture Development in Uganda. 
Aquaculture in Uganda Policy Brief No.1 of 2012. 

North BP, Turnbull JF, Ellis T, Porter MJ, Migaud H, Bron J, Bromage 
NR (2006). The   impact   of   stocking   density   on   the   welfare   of   
rainbow   trout (Oncorhynchus mykiss). Aquaculture 255:466-479. 

Ofori JK, Abban EK, KariKari AY, Brummett RE (2010). Production 
parameters and economics of small-scale tilapia cage aquaculture in 
the Volta Lake. Ghana. Journal of Applied Aquaculture 22(4):337-
351.  

Osofero SA, Otubusin SO, Daramola JA (2009). Effect of stocking 
density on tilapia (Oreochromis niloticus Linnaeus 1757) growth and 
survival in bamboo-net cages trial. African Journal of Biotechnology 
8:1322-1325. 

Popma T, Masser M (2017). Tilapia: Life history and biology. Southern 
Region Aquaculture Center. Publication No.283:4. 

Pouey JLOF, Piedras SRN, Rocha CB, Tavares RA, Santos JDM, Britto 
ACP (2011). Productive performance of silver catfish, Rhamdia   
quelen, juveniles stocked at   different   densities. Ars Veterinaria 
27:241-245. 

Queensland Water Quality Guidelines (2009). Queensland guidelines 
for values and Uses of waters other than ecosystem protection. 
Environmental Policy and Planning, Department of Environment and 
Heritage Protection. State of Queensland. 

Ricker WE (1973). Linear regression in fisheries research. Journal of 
Fish Research Board Can. 30:409-434. 

Ronald N, Gladys B, Gasper E (2014). The effects of stocking density 
on the growth and survival of Nile tilapia (Oreochromis niloticus) fry at 
SON fish farm, Uganda. Journal of Aquatic Research and 
Development 5:222. 

Roriz DG, Delphino CVDKM, Gardner AI, Goncalves PSV (2017). 
Characterization of tilapia farming in net cages at a tropical reservoir 
in Brazil. Aquaculture Report 6:43-48. 

Sanchez P, Ambrosio PP, Floss R (2010). Stocking density and sex 
influence individual growth of Senegalese sole (Solea senegalensis). 
Aquaculture 300:93-101. 

Schmittou HR (2006). Cage Culture. In C. E. Lim & C. D. Webster 
(Eds.), Tilapia Biology, Culture, and Nutrition (pp. 181-210). Food 
Products Press, New York. 678 pp. 

Silva CST, Santos DL, Silva RCL, Michelato M, Furuya BRV, Furuya 
MW (2015). Length-weight relationship and prediction equations of 
body composition for growing-finishing cage-farmed Nile tilapia. 
Revista Brasileira de Zootecnia 44(4):133-137. 

Sorphea S, Lundh T, Preston TR, Borin K (2010). Effect of stocking 
densities and feed supplements on the growth performance of tilapia 
(Oreochromis spp.) raised in ponds and in the paddy field. Livestock 
Research on Rural Development 22:227. 

Uganda Bureau of Statistics (UBOS) (2016). The National Population 
and Housing Census 2014-Main Report, Kampala, Uganda. 

Watanabe W, Clark J, Dunham J, Wicklund R, Olla B (1990). Culture of 
Florida red tilapia in marine cages: Effect of stocking density and 
dietary protein on growth. Aquaculture 90:123-134. 

Yilmaz S, Yazicioglu O, Erbasaran M, Esen S, Zengin M, Polat N 
(2012). Length-weight relationship and relative condition factor of 
white bream, Blicca bjoerkna (L., 1758) from Lake Ladik, Turkey. 
Journal of Black Sea/Mediteranean Environmental 18:380-387. 

Yosuva M, Jeyapragash D, Manigandan V, Machendiranathan M,  
Saravanakumar A (2018). Length-weight relationship and relative 
condition factor of yellowfin tuna (Thunnus albacares) from 
Parangipettai coast, southeast coast of India. Zoology Ecology 
28(2):94-99. 


